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June 6, 1980
File No. 792-2025

Cyprus Anvil Mining Corporation
P.0O. Box 1000
Faro, Yukon Territory

YOB 1KO

Attn: Mr. N.G. Cornish,
Superintendent Environmental Control

Dear Sir:

Re: Down Valley Tailings Containment Facility

We take pleasure in providing with this letter 12 copies of a three-
volume report presenting our final design for the Cyprus Anvil Down Valley

Tailings project. Distribution has been noted on the title page.

We wish to acknowledge the substantial help, direction, constructive
criticism and cooperation that you and other members of the Cyprus Anvil

team have provided throughout the study.

We look forward to approval of the Down Valley Project by the appro-
priate governmental agencies and to participation in the construction of

this project. .
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1.0 SUMMARY

The Down Valley Tailings Project was conceived in May, 1979 and
during the past year detailed study has been undertaken in anticipation of
construction beginning in October, 1980 and carrying through to the fall
of 1981. Golder Associates has conducted a number of field investigations
and office studies on behalf of Cyprus Anvil with the purpose of develop-
ing an appropriate design for the project. This report provides Golder

Associates' final design recommendations.

The Down Valley Tailings Project consists of a Diversion Canal to
bypass Rose Creek around the tailings deposits which will fill the bottom
of the Rose Creek valley, a Cross Valley Dam to retain spent tailings
water for a 60 day retention time, and a cross valley Intermediate Dam
which will be constructed in stages to retain tailings in the valley
bottom. Additional project elements of lesser importance include a North
Valley Wall Interceptor to prevent uncontaminated drainage runoff from
entering the tailings system, a Diversion Dam which is necessary to
achieve creek diversion from the existing canal to the new canal and the
spillways and decants necessary to ensure the integrity of the cross

valley dams.

The proposed Rose Creek Diversion Canal has a design hydraulic
capacity equivalent to a 50 year return period flood and contingency
capacity for the 500 year return period flood, the latter assuming no
freeboard on the engineered section. 1In addition, a low flow pilot
channel is provided to diminish the tendancy for winter glaciation and low
flow meandering. The proposed 3.6 km alignment follows along the south
valley wall of the Rose Creek valley. Because the canal channel grade of
0.19 percent is flatter than the natural valley bottom grade of 2 percent,
tailings storage capacity is generated below the elevation of the
diversion canal. At the location of the Cross Valley Dam th.e Diversion
Canal invert is about 25 m above the valley bottom. At this point the

return of the diverted creek to its natural channel is initiated using a
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rock drop weir system similar in construction to that presently operating

in the existing diversion works.

The canal excavation will traverse a variety of materials ranging
from bedrock to glacial till and creek alluvium. Much of the route is
through permafrost and, because construction will induce thawing of these
sometimes ice rich materials, a filtering and insulating gravel layer will
be required. It will be necessary to construct the canal during the
winter months to avoid thaw degradation during construction. Total
earthworks volume for the canal is estimated to be 950,000 m3 plus some

84,000 m3 of erosion protective rock work.

Both the Cross Valley and the Intermediate Dams are to be of zoned
earthfill and the former will have an upstream blanket attached to the
glacial till core to reduce foundation seepage to an acceptable level.
The alignment of the Cross Valley Dam has been chosen to minimize
foundation interaction with a permafrost area but some excavation of
unsuitable and frozen materilas will still be necessary. Seepage reduc-
tion at the Intermediate Dam will involve excavation through the terrace
gravels to creek level and use of a sloping glacial till blanket on this
borrow pit face. Combined Stage I earthworks for these dams is approxi-

mately 870,000 m3,

Emergency spillways are provided for each dam as an insurance against
overtopping of the dams in the event of failure of the diversion canal
system or the occurrence of flows in excess of canal capacity. The design
capacity of these spillways is for a 50 year return period Rose Creek
flood flow and their intended function is to protect and maintain the
crest of the dams. Decant channels are located adjacent to the spillways

to pass on a routine basis the tailings spigot water flows.
The Diversion Dam is a relatively small structure required to divert

the creek from its existing route into the new diversion canal. It is

intended that this structure will be built in the wet using a rockfill
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starter dyke with progressively finer materials being dumped upstream of

the rockfill.

The North Valley Wall interceptor consists of a simple unarmoured
channel cut in the generally unfrozen till deposits of the North Valley
wall., Hydraulically the required cross section is based on a 50 year

design return period.

This report discusses the various stages and procedures of the
investigation, the findings of the investigation and studies, and the
recommended designs for construction. A summary of project construction
quantities is provided in Chapter 8. A general project summary is

presented below.

GENERAL PROJECT SUMMARY

Primary Construction Elements

Length of Diversion Canal: 3600 m
Length of Cross Valley Dam: 500 m
Height of Cross Valley Dam: 17 m (max)
Length of Intermediate Dam: 500 m
Height of Intermediate Dam: 17 m (max)

Ultimate Height of Intermediate Dam: 31 m (max)

Retention Pond

Area of Retention Pond: 32 % 104 m2

Volume of Retention Pond: 1.4 x 106 m3

Tailings Storage

Area of Tailings Storage: 128 x 104 m2
Approximate Stage I Volume: 11 x 10% m3
Ultimate Volume: 20 x 10° m3

(based on 2 percent tailings slope)

Golder Associates



2.0 INTRODUCTION

Cyprus Anvil Mining Corporation plans to expand the tailings facility
at their Faro, Yukon lead-zinc mine (for location see Figure 2-1) to
provide storage capacity related to milling of recently acquired
reserves. The proposed tailings storage expansion is referred to as the

"Down Valley Project”.

The Down Valley Project utilizes the Rose Creek Valley downstream of
the existing tailings facility and as such is an extension to the existing
facility which has been in use since plant operations began in 1969. The
proposed expansion is expected to provide storage for about 20 million m3
or about 40 million tonnes of tailings, depending on deposited tailings
density in place which in turn depends on spigotting practice. This
available volume does not include an additional 4 million m3 which could
be included if tailings were to be stored to the crest of the canal dyke;
this will be possible if the seepage through and beneath the canal dyke is
within acceptable limits. The actual tonnage which may be stored in the
available volume depends on spigotting practice, mill grind, and ore
source. Dry solids densities observed at the Lakefield Research test
grind tailings pond ranged from 2.4 tonnes/m3 for above water deposition
down to 0.9 tonnes/m3 (measured indirectly) for below water deposition.
These observations suggest a need to understand and control the process of

tailings deposition to optimize available storage.

As an outgrowth of its standing involvement in Cyprus Anvil's
tailings disposal since 1973, Golder Associates' terms of reference for
the Down Valley Project describe full involvement with respect to the
design and construction supervision of the various project elements in
accordance with the design objectives defined by Cyprus Anvil. Primary
project elements consist of a 3.6 km long "diversion canal" along the
south valley wall to isolate Rose Creek flow from the tailings deposits,
an "intermediate" cross valley dam to retain spigotted tailings and a
second "cross valley" dam to provide a 60 day retention time for spent

tailings water. Secondary elements of the proposed scheme include a

Golder Associates



relatively small diversion dam, spillways and decants across the cross
valley dams, and a north valley wall interceptor to collect uncontaminated
surface flows which would otherwise flow down the north wvalley wall and
enter the tailings disposal area. All project elements are illustrated on

Figure 2-2.

Golder Associates
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PHOTOMOSAIC SHOWING PROPOSED
DOWN VALLEY TAILINGS PROJECT FIGURE 2-2
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3.0 PROJECT SETTING

The project is located in the Rose Creek Valley near Faro, Yukon
Territory. Rose Creek is an underfit stream which meanders its way along
the valley bottom eventually entering Anvil Creek which in turn flows into
the Pelly River. The bottom of the valley is about 400 m wide and it has
been infilled by gravel deposits up to 40 m thick. Rose Creek winter
flows are about 0.3 m3/sec. whereas summer flows are typically 3 m3/sec.
Variable peak spring flows of up to 33 m3/sec. occur during the late May,
June, or early July periods. Detailed flow data may be found in Appendix

I.

Climate in the area of interest is somewhat influenced by the moun-
tain coastal factors. Temperatures at Anvil minesite on the mountain are
often warmer than at Faro or in the valley bottoms during winter as a
result of inversion phenomena. In December, 1979, temperatures in the
Rose Creek valley bottom were often observed to be about 5°C lower than
mine temperatures. The mean annual air temperature at the minesite is
about -3.7°C. The coldest month is January with a mean daily temperature
of about -20.8°C. The warmest month is July with a mean daily temperature
of 11.1°C. Mean annual precipitation is 410 mm of which 211 mm is snow-
fall. Average daily temperatures are estimated to be below 0°C between
September 5 and May 2. Supplementary climatic data is included in the

Appendix II.

Discontinuous permafrost is present in the valley bottom and on the
valley walls. Most of the south valley wall (see Figure 2-2 for orienta-
tion) consists of frozen coarse glacial till whereas much of the north
valley wall is unfrozen similar material. Isolated pockets of occasion-
ally ice rich frozen sands and silts may be found on the valley floor.
The permafrost is characteristically "warm" with temperatures in the 0° to

-1°C range.

Golder Associates



The valley walls, particularly the south valley wall, are mantled
with a moss cover about 0.3 m thicke. Spruce trees range in diameter up to

a maximum of about 0.4 m with typical sizes being about 0.2 m or less.

Tree heights are typically less than 10 m. Tree densities on the
valley walls range up to 220 trees per hectare and are typically about 100
trees per hectare. On the valley floor barren areas occur where the

gravel terrace deposits adjacent to Rose Creek are well drained.

Golder Associates



4.0 DESIGN OBJECTIVES

In addition to the requirement for design of stable, economical and

practical project elements, consultations with Cyprus Anvil have defined

the following design objectives:

(i)

(ii)

(i1id)

(iv)

(v)

(vi)

(vii)

that all Down Valley Project structures be designed to resist
earthquake, it being assumed that all other structures not
constructed as a part of the tailings project such as the

fresh water impoundment dam will remain stable;

that the diversion canal water level be above that of the

tailings storage pond;

that the drop weir energy dissipation system which has been

operating successfully in the outfall of the existing diversion
canal and has previously been approved by the Yukon Territorial
Water Board and Department of Fisheries be adopted in principle

for the new diversion canal outfall;

that the seepage losses from the canal into the new tailings
pond should not exceed the lesser of 0.15 m3/sec. (2000
i.g.pe.m.) or 10 percent of the Rose Creek flow at the inlet to
the facility (flows greater than the 50 year return period flood

being excluded);

that the alignment of the canal be chosen such that a 50 year
return period flood of Rose Creek would be contained within the
cut banks of the canal, the existing ground surface being used

as a reference;
that the design capacity of the canal would be for a 50 year
return period Rose Creek flood with contingency capacity for a

500 year return period flood;

that the outfall portion of the canal be designed for the same

flows as the canal proper;
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(viii)

(ix)

(x)

that the Cross Valley Dam be constructed to an ultimate eleva-
tion such that 60 days of retention time or approximately 1.4
million m3 of storage would be available for chemical aging

of tailings water;

that the seepage through the Intermediate Dam and its foundation

should not exceed 0.22 m3/sec. (3000 i.gepem.) to impound

water behind this dam and therefore eliminate winter glacia-

tion.

that the seepage through the Cross Valley Dam and its foundation
should not exceed 0.15 m3/sec. (2000 i.g.p.m.) to ensure
adequate retention time and permit some water reclaim for plant

usee.

Golder Associates



5.0 STUDIES AND INVESTIGATIONS

5.1 General

The Down Valley Project was conceptually outlined by Mr. N.G. Cornish
of Cyprus Anvil in a report entitled "A New Tailing Containment Proposal"
dated May 15, 1979. Review of this document and a site inspection on June
1, 1979 by Messrs. H.G. Gilchrist and D.C. Goodall lead to the submission
to Cyprus Anvil of a letter proposal dated June 15, 1979 by Golder Asso-
ciates. This proposal presented a conceptual design and recommendations
for field investigations pertinent to more detailed design. It was sub-
mitted to the Territorial Water Board at a meeting in Whitehorse on July
20, 1979 by Mr. N.G. Cornish of Cyprus Anvil and by Messrs. Gilchrist and

Goodall of Golder Associates.

Data gathering and field investigation was initiated on July 25, 1979
according to the recommendations of the above-mentioned proposals and
under the field supervision of Mr. D.C. Goodall of Golder Associates.
This primary investigation was completed by about September 1, 1979.
Supplementary field investigations were conducted in December, 1979 and
February, 1980 to investigate the foundation of the "intermediate" dam
which was not examined in the previous fieldwork, to investigate borrow
potential and to reduce uncertainties concerning stratigraphy along the
proposed canal route. 1In addition, a full scale canal test section was
constructed in March 1980 to test Golder Associates' recommended canal
design in view of the difficulties inherent to prediction of permafrost
behaviour and the general lack of documented precedents or experience for

such construction.

All field investigation sites and elements are located on the site

topographic plan, Figure 5-1.

5.2 July-August, 1979 Field Investigation

Activities included surveying, drilling, test pit excavation,
geophysical studies, both surface and downhole, and aerial photography.

All activities were conducted under the supervision of Mr. D.C. Goodall of
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Golder Associates except the aerial photography which was performed by
Northwest Survey Corporation International Ltd. of Edmonton as part of

their regional photography for Cyprus Anvil.

Surveying was conducted by Underhill Engineering Ltd. of Whitehorse
and by Cyprus Anvil survey staff. Control was established by Underhill
Engineering using spirit levelling and electronic distance measuring
equipment and was based on the metric mine grid system coordinates
provided by Cyprus Anvil for monument 78-17. Elevations are based on the
elevation of the northwest corner of the floor slab inside the Cyprus
Anvil pumphouse, this also being provided by Cyprus Anvil. Underhill

Engineering also performed the following work:

- established baselines for the Cross Valley Dam and the Diversion
Canal.

- obtained cross—sections for the Diversion Canal at about 100 m
stations.

- obtained cross-sections for the Cross Valley Dam at 60 m stations.

- obtained cross-sections of the proposed core borrow pit (as defined
at that time) at 60 m stations.

The Cyprus Anvil survey crew determined the project coordinates for
all boreholes and test pits (except most of those along the canal route
which were located conveniently by Underhill Engineering while obtaining
cross—~section information). The mine survey crew also staked all seismic
investigation lines on 10 m intervals and determined the elevations of

these stakes.
Most of the drilling was performed using a Failing 1000 rotary rig

owned and operated by Midnight Sun Drilling Co. Ltd. of Whitehorse.

Boreholes in the unfrozen valley bottom deposits were normally drilled
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with water and/or drilling mud as a circulation fluid whereas many of the
boreholes in the frozen till deposits forming the valley wall were most
successfully drilled using air. B2An air rotary "Shram" rig also owned and
operated by Midnight Sun Drilling was mobilized to drill Borehole No.
79-20 to the required depth of investigation because the caving of frozen

gravels into the borehole precluded use of the wet rotary rig.

A total of 27 borehole investigation sites were drilled. Relatively
deep boreholes to a maximum depth of 41 m were drilled in the valley
bottom or in the Cross Valley Dam abutments to determine bedrock topo-
graphy. Pneumatic piezometers, standpipe piezometers and/or thermistors
were installed in most boreholes. All boreholes were grouted with a
cement/bentonite grout or backfilled with selected sand and gravel with
intermittent "Peltonite" seals. Details of all boreholes may be found on
the Borehole Schedule, Table 5-~1 or on the Record of Borehole sheets in
Appendix III (July-August boreholes include Borehole Nos. 79-1 to 79-26

inclusive) .

Sampling was conducted according to the purposes of the various
boreholes and the variation of stratigraphy. Samples were obtained using
the standard penetration test procedure with both 50 and 75 mm split
spoons, the latter being more suitable for recovery of sufficient sample
quantity. A few Shelby tube samples were obtained from the finer grained
deposits. Cuttings samples from the air or mud return were examined
regularly but were generally discarded. All recovered samples, as
designated on the Record of Borehole sheets in Appendix III, were for-
warded to Golder Associates' Calgary office for laboratory testing and

storage.

Test pits were excavated using ripper equipped D-8 bulldozers owned
and operated by General Enterprises Ltd. of Whitehorse. Most test pits
could be excavated to the maximum practical depth for this method of
excavation; exceptions to this occurred at the following test pits which

were terminated for the reasons noted (for location see Figure 5-1):
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Test Pit No. Reason for Termination
0+195 Seepage
0+560 Rock
0+760 Rock
1+390 Seepage
2+155 Rock
79-8 Rock
79-9 Rock
79-12 Seepage
79=-22 Rock

Access to many of the test pits along the canal baseline was diffi-
cult as a result of the thawing of near-surface ice-rich permafrost. Test
pits were the only means of direct investigation in many areas of the
canal where drill rig access was not possible. Commonly, the bulldozers
were bogged down locally in thawed areas near small creeks. The area in
the vicinity of the test excavation was inaccessible to the bulldozers
after the initial survey cutlines were in place. These site features were
instrumental in the decision to construct the proposed diversion canal

during freezing conditions.

Up to two 20 kg bag samples were recovered from each test pit. These
samples are designated on the Record of Test Pit sheets in Appendix IIXI
and were forwarded to Golder Associates' Calgary office for appropriate
testing and storage. Similar samples were also taken from sidehill cuts

and old borrow pits in areas of interest.

A total of 25 test pits were excavated during the July/August invest-
igation. These include Test Pit Nos. 1 to 12 inclusive and and all test
pits along the canal except the Test Excavation, T.P. 1+900 to 1+930 and
T.P. -0+060 to -0+080. Details pertinent to these test pits may be found

on Tables 5~2 and 5-3.

Golder Associates



Seismic refraction studies were conducted along the baselines of the
Cross Valley Dam and the canal and on selected cross-sections to these
baselines. All seismic studies were conducted by Atmex Geophysics Inc.
of Montreal, Quebec using a 24 channel recorder with geophones spaced at
10 m intervals. In addition, downhole seismic, nuclear and resistivity
logging were performed on Borehole Nos. 79-15, 79-16, 79-18, 79-19,
79-20, and 79-21. The results of this downhole logging are reported in

Appendix IIX.

Aerial photographs pertaining to the area of interest were taken on
August 15, 1979 by Northwest Survey at the time that the field investiga-
tion was nearing completion. The resulting photographs, taken from a
height above the ground of about 1500 m, are at a scale of about 1:10,000.
These photographs were used by Northwest Survey to produce the photo-

grammetric 3 m contour map shown on Figure 5-1 at a scale of 1:2,000.

5.3 November - December, 1979 Field Investigation

The Intermediate Dam was introduced formally into the Down Valley
Project in Golder Associates' October 1979 reports at the request of Mr.
N.G. Cornish of Cyprus Anvil. It was decided that an investigation of the
foundation area of the dam would be appropriate particularly in the

vicinity of Rose Creek.

Seismic refraction and electromagnetic induction surveys were con-
ducted by Geo-Physi-Con Co. Ltd. of Calgary in mid-November, 1979 along
lines designated H-H and I-I on Figure 5-1. A 12-channel recorder was
used with geophones being spaced at 20 m intervals. The purpose of line
I-I was to investigate the foundation of the Intermediate Dam; line H-H
was located to examine possible dam foundation conditions upstream of the

Cross Valley Dam and the feasibility of a slurry trench seepage cutoff.
In early December a borehole and test pit program was completed under

the supervision of Mr. D.C. Goodall of Golder Associates. A total of 8

boreholes were drilled using Midnight Sun's shram air rotary rig. These
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included Borehole Nos. 27 to 34 ‘inclusive with all except Borehole No. 34
being drilled in the Intermediate Dam foundation area. Borehole No. 34
was drilled in the Cross Valley Dam area to assess the hydraulic charact-
eristics of the Cross Valley Dam foundation. All boreholes are located on
Figure 5-1 and pertinent details may be found on Table 5-1. Piezometers
were installed in most boreholes. One thermistor was successfully

installed in Borehole No. 79-29.

Cuttings samples were normally taken at 1.5 m intervals. In addi-
tion, some split spoon samples were taken from Borehole No. 79-33. All
soil samples were forwarded to Golder Associate's Calgary office. Several
samples of the water return gathered during drilling were provided to
Cyprus Anvil for analysis. Soil and water sampling details may be found

on the Record of Borehole sheets in Appendix IITI.

The December drilling program had to be terminated prematurely
because of extremely cold weather and the resulting inoperative condition

of the drill rig hydraulic system.

Ten test pits were excavated in December using General Enterprises'
ripper-equipped D-8 bulldozer to take advantage of substantially improved
access to the canal area and to better define the nature and extent of
till and gravel borrow areas. In addition, Test Pit No. 79-20 was exca-
vated near Borehole No. 79-18 in the Cross Valley Dam area to investigate

the nature of near surface permafrost known to exist at this location.

Several frozen samples were taken from the test pit locations. These
were packed in specially constructed, insulated boxes and forwarded to
Golder's Calgary officewhere they were preserved in a frozen condition.
Test Pit sampling and other details may be found in Appendix III and on
Tables 5-2 and 5-3. The December series of test pits includes Test Pit

Nos. 79-13 to 79-22.

Golder Associates



Note that Test Pit Nos. 21 and 22 were excavated along the canal and
have been designated chainages 1+900 to 1+930 and 0-060 to 0-080 respect-

ively on Table 5-3. RAll test pits are located on Figure 5-1.

5.4 February, 1980 Field Investigations

The December 1979 field program revealed some unexpected stratigra-
phy. Bedrock had been encountered at a depth of about 3 m at the location
of Borehole No. 79-32 which was located near the canal baseline. This
meant that some rock excavation would be required to complete the canal
and that seepage losses through disturbed bedrock was a potential concern
in this area. In addition, there were a number of specific design ques-
tions which were considered by Golder Associates to be of both economic
and geotechnical relevance to the project. Foundation preparation was
considered to be an important cost item for both the Intermediate and
Cross Valley dams and therefore a program of shallow drilling was
recommended for these areas. The quality and distribution of till core
materials was a concern and therefore exploration beyond the initial
limits of the till borrow area was recommended in the vicinity of December

Test Pit No. 79-19 where good borrow potential had been found.

These considerations together with the fact that the decision was
made not to construct the Down Valley Project in the winter-spring seasons
of 1980 prompted the February 1980 investigation. The reasons for the
investigation being recommended are not considered to be related to the
initial investigation deficiencies but rather to better define construc-

tion quantities.

The Down Valley February drilling program consisted of 14 boreholes
to a maximum depth of 14.2 m. Many of the boreholes were drilled with the
air rotary auxiliary of Midnight Sun's Failing 1000. Very few samples
were taken, the objective of the work being to determine stratigraphy and
the occurrence of water in the borehole, the latter defining the limit of
"dry" excavation which might be done by bulldozers. Standard Penetration
tests were conducted at 1.5 m intervals in Borehole No. 80-46 in the

Intermediate Dam area to provide additional detailed stratigraphic and
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geotechnical information. Standpipes were installed in most boreholes
and a thermistor was installed in Borehole No. 80-51. Borehole details
are provided on Table 5-1 and on the Record of Borehole sheets in Appendix
III (Borehole Nos. 35 to 41 and 46 to 52 inclusive). The locations are

shown on Figure 5-1.

Test Pits Nos. 80-23, 80-24 and 80-25, as shown on Figure 5-1, were
excavated in a potential core borrow extension area. Some samples were
recovered for gradation purposes and forwarded to Golder Associates’
Calgary laboratory. Logs of the test pits may be found in Appendix III
and general details are on Table 5-2. Test pits were excavated using

General Enterprises' D-8 bulldozer and rippere.

All work was carried out under the supervision and inspection of Mr.

D.C. Goodall of Golder Associates.

5.5 March 1980 Test Excavation

A full scale test section of the proposed canal was constructed to
assess geotechnical performance, construction cost and practicality of the
proposed design. In addition useful information was obtained with respect
to the definition of the design to the contractor and the nature of the

constructed product which will result.

The test excavation was constructed by General Enterprises Ltd. of
Whitehorse on an hourly basis. D=8 and D=9 Caterpiller tractors equipped
with rippers were used exclusively for initial excavation with Caterpillar
631C motor scrapers being used for removal of material when it became
practical to do so. A Dynapac CA 25 PD vibratory pad foot packer was used
to compact the materials under freezing condition. (See photographs in
Appendix IV). As mentioned previously, the test excavation was cons-
tructed in the area (see Figure 5-1, canal chainage approximately 1+850)
which was most inaccessible during the summer as a consequence of thawing
ice rich ground and the local occurrence of small downhill surface stream

flows. Furthermore, the test excavation was located in an area of
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relatively steep cross—-slope and where the geophysical seismic velocities

suggested that relatively ice rich permafrost existed.

The maximum depth of vertical excavation below ground surface was
about 8.5 m with the maximum elevation difference between the head of the
cut and the base of excavation being about 13 m. The excavation was
blanketed with gravel taken from a borrow pit typical of the terrace
gravel borrow pits which will be developed as the source of gravel for
full scale lining of the canal. Some 20,000 m was excavated and 8,000 m

of gravel was backfilled for thermal protection.

The work was supervised by Golder Associates personnel including
Mr. D.C. Goodall. Sampling and monitoring of materials was an important
aspect of the work. Density, water content and compaction tests were
conducted in the field. Layout and survey control was maintained by
Underhill Engineering Ltd. Thermistors and pneumatic piezometers were
installed along the central cross-section of the cut using Cyprus Anvil's
pnewmatic percussion drill mounted on a military tracked carrier. Surface
movement monitors were installed in some boreholes and located with
respect to a control station on the gravel terrace in the valley bottom

opposite the test excavation using electronic distance measuring

equipment.

A list of sampling details and the location of installations may be

found in Appendix V.

Since work was completed Cyprus Anvil and Golder Associates have been
jointly monitoring the performance of the test excavation on a weekly
basis. This monitoring presently pertains to thermistors but piezometer

and movement monitors are intended to be observed when appropriate.

5.6 Laboratory Testing

Water content, gradation, specific gravity, organic content, unit
weight and plasticity tests were performed to classify the project

materials and their variability.

Golder Associates



Specialized testing included drained triaxial strength tests, consol-
idation and thaw consolidation tests on the Cross Valley Dam foundation
materials, permeability of canal till, unit weights of frozen samples and
standard Proctor density tests. Most tests were performed using standard

procedures.

The permeability test was conducted on minus 19 mm diameter till
material compacted at its natural water content in a 102 mm diameter
compaction mould using standard Proctor effort. The permeabililty sample
was also subjected to several freeze-thaw cycles to estimate the effects

of this factor on canal till liner performance.

Frozen unit weights were determined by direct measurement of weight
and volume of the sample. Sample volumes ranged from 5000 to 14,000 cm3
and were determined by the overflow of a garbage pail of antifreeze when

the sample was submerged.

5.7 Personnel
For a project of this size personnel from several companies have been
involved. The duties and responsibilities of the primary individuals have

been as follows:

i) General
- Mr. N.G. Cornish, Superintendent, Environmental Control
for Cyprus aAnvil, Faro, client contact, liaison and
review,

- Mr. HeG. Gilchrist of Golder Associates, Calgary, initial
proposal, oversight and direction of the project as well as

reviewe.

- Mr. D.C. Goodall of Golder Associates, Calgary, supervision
of all project studies and reporting.

ii) Field Studies

- Mr. Bruce McLean of Underhill Engineering Ltd., Whitehorse,
surveying party chief.

- Mr. Merv Tull of Midnight Sun Drilling, Whitehorse,
driller.
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- Mr. Alvin Vance of General Enterprises Ltd., Whitehorse,
dozer operator.

- Messrs. Richard Reid and Michael David of Atmex Geophysics
Inc., Montreal, geophysical studies.

- Messrs. Colin MacDonald and Pieter Hoekstra of Geo-Physi-
Con, Calgary, geophysical studies.

- Mr. Jim Masson of General Enterprises, Whitehorse, site
superintendent for test excavation.

iii) office Studies
- Mr., Wim Veldman of Hydrocon Engineering (Continental) Ltd.,
Calgary, hydrologic and hydraulic design (including on site

inspection) .

- Dr. Bryan Fletcher of Golder Associates, Vancouver,
geothermal and stability studies for the diversion canal.

- Mr. Bill Hodge of Golder Associates, Cross Valley Dam
designe.

- Dr. Peter Byrne of the University of British Columbia,
earthquake stability consultation.

Reports were received from each of the above and from Atmex
Geophysics and Geo-Physi-Con. These reports are retained on file by

Golder Associates, Calgary and appended to this report as appropriate.

Other staff include:

- Mr. Shawn McKeown of Golder Associates, Calgary, geothermal
and stability studies, design assistant to Mr. Goodall.

- Mr. Jim Murphy of Golder Associates, Calgary, Intermediate
Dam investigation.

- Dre. JeI. Clark of Golder Associates, Calgary, review.

Golder Associates



TABLE 5-1
BOREHOLE SCHEDULE

NUMBER OF
BOREHOLE LOCATION ELEVATION DEPTH OF PIEZOMETER DETAILS THERMISTORS
NORTH(m) EAST(m) BOREHOLE (m) TYPE TIP ELEV. INSTALLED REMARKS
79=1 2320.85 122.32 1049 .38 17.84 Standpipe 1034 .42 t Dam - Cross Valley Dam
Borrow pit
79-3 2361.99 814.80 1132.74 5.18 Borrow pit
79-4 2418.36 833.67 1140 .35 9.15 Borrow pit
79~-5 2439.05 147 .66 1077 .37 12.20 North Abutment - Cross Valley Dam
Standpipe 1011.28 t Dam - Cross Valley Dam
79~=7 2081.44 -43.55 1048 .34 25.91 Standpipe 1022.43 Dam Toe
79-8 1806 .18 -92.71 1078 .80 16.15 South Abutment - Cross Valley Dam
79-9 2305.00* 851.00%* 5.18 Borrow pit
79-94 2394 .65 913.28 1141.82 4.57 Borrow pit
79-10 2378.12 979 .62 1142.82 4.57 Borrow pit
79-11 2386 .95 1039.04 1148.19 4..57 Borrow pit
79=12 2290.54 1267 .85 1151491 3.96 Borrow pit
79-13 2284 .47 1372.13 1157 .36 4..57 Borrow pit
79-14 2237 .31 1249.75 1144 .76 4.57 Borrow pit
79-15**  2374.12 57 .74 1056 .10 38.11 Standpipe 1028.27 Dam Toe - Cross Valley Dam
79=16** 2256.12 5.14 1048 .25 30.49 Standpipe 1015.20 5 Dam Toe - Cross Valley Dam
79-17 2448 .63 109.94 1076 .83 12.19 North Abutment - Cross Valley Dam
79-18** 2138.41 44 .98 1049.23 41.14 Pneumatic 1019.13 5 t Dam - Cross Valley Dam
79=19** 2216.56 73 .73 1048 .26 24 .38 Standpipe 1030.73 t Dam - Cross Valley Dam
79-20** 2447 .49 114.36 1076 .80 37.19 Standpipe 1039.80 9 North Abutment - Cross Valley Dam
79-21** 1974 .58 -119.73 1050.07 36.50 Standpipe 1013.49 Dam Toe - Cross Valley Dam
79=-22 1869.83 -198 .86 1079 .20 9.14 Pneumatic 1067 .31 South Abutment - Cross Valley Dam
79-22A 1840 .84 -185.90 1081.90 18.29 5 South Abutment - Cross Valley Dam
79-23 1910 .41 -387.72 1083.17 18.29 Sta.3+000 Canal
79~24 1161.40 1222 <52 1084 .64 22 .86 Pneumatic 1063 .47 5 Sta.1+230 Canal
79-25 1050.57 1432.59 1087 .00 12.19 Pneumatic 1025.00 9 Sta.1+000 Canal
79-26 2379.13 126 .90 1061.99 7«01 ¢ Dam (N.Abut) ~ Cross Valley Dam
79-27 1946 .49 427.73 1066 .71 51.83 Standpipe 1016 .41 Intermediate Dam
79-28 2056 .32 490 .48 1065.17 39.63 Standpipe 1025 .54 Intermediate Dam
79-29 2250.56 559 .17 1084 .95 17.07 Standpipe 1068.19 5 Intermediate Dam
79-30 2138.07 521.03 1060.73 24.39 Standpipe 1036 .34 Intermediate Dam
79-31 1796 .72 334.19 1053.62 48.78 Standpipe 1004 .84 Intermediate Dam
79-32 1578.76 235.42 1085.37 7.93 - - Intermediate Dam
79-33 1747 .61 301.65 1054.07 25.00 Destroyed Intermediate Dam
79-34 2177 .44 -23.00 1048 .54 26 .83 - - Cross Valley Dam
80-35 1709.74 258 .45 1056 .08 8.10 Standpipe 1047 .98 Intermediate Dam
80-36 1776 .67 250.93 1052.73 12.20 Intermediate Dam



TABLE 5-1 (Cont'Qd)
BOREHOLE SCHEDULE

NUMBER OF

BOREHOLE LOCATION ELEVATION DEPTH OF PIEZOMETER DETAILS THERMISTORS
NORTH(m) EAST(m) BOREHOLE (m) TYPE TIP ELEV. INSTALLED REMARKS

80-37 1711.65 300.85 1053.41 8.10 Standpipe 1045.31 Intermeidate Dam
80-38 2215.32 41.17 1048.85 4.60 Cross Valley Dam
80-38A 2198.99 41.94 1048 .86 5.00 Cross Valley Dam
80-39 2153.38 21.98 1048 .84 650 Standpipe 1046 .24 Cross Valley Dam
80-40 2113.48 751 1049.11 3.20 Standpipe 1045.81 Cross Valley Dam
80-41 2069 .45 -8.56 1049.15 2430 Standpipe 1046 .85 Cross Valley Dam
80-46 1807 .56 303.86 1054 .11 14.20 Standpipe 1040.31 Intermediate Dam
80-47 1600.21 164 .83 1090.66 10.70 Standpipe 1079 .96 Sta. 2+370 Canal
80-48 1568 .45 227.72 1089 .89 9.10 Standpipe 1080.79 Sta. 2+300 Canal
80-49 1528.80 299.21 1088.83 10.70 Standpipe 1078.13 Sta. 2+220 Canal
80-50 1475.77 404 .44 1085.66 9.10 Standpipe 1076 +56 Sta. 2+100 Canal
80-51 1437 .99 482,46 1089.54 13.70 Standpipe 1076 .04 5 Sta. 2+000 Canal
80-52 1369.51 618.50 1089 .41 9.10 Standpipe 1080.31 Sta. 1+890 Canal

*Estimated from aerial photos
**Downhole geophysical logging performed.



TABLE 5-2
TEST PIT SCHEDULE (Other Than Along Canal)

TEST LOCATION ELEVATION DEPTH OF REMARKS
PIT (m) TEST PIT (m)
NORTH(m) EAST(m) Es
79-1 2420.13 735.96 1133.45 3.96 Till Borrow Pit
2411.37 715.25 1131.86
79=2 2367 .89 705 .27 1123.44 3.81 Till Borrow Pit
2368.50 673.86 1119.91
79-3 3125.82 (-813.81) 1069.14 5.33 Downstream Gravel Pit
3160.17 (-835.68) 1068.71
79-4 2483 .29 1004 .77 1157 .04 5.18 Till Borrow Pit
2519.95 1038.50 1162.52
79-5 2486 .88 (-590.94) 1055.96 6.00 Downstream Terrace
2507.10 (-587.73) 1055.69
79-6 2308.52 (-476.58) 1055.60 5.60 Downstream Terrace
2291.83 (=459.18) 1055.78
79=7 2291.95 (=537.02) 1057 .61 3.35 Downstream Terrace
2307 .82 (-553.33) 1057 .54
79-8 2342.95 1030.72 1144 .45 3.90 Till Borrow Pit
2349,13 1005.11 1143.01
79-9 2272.79 1294 .52 1151.80 4.27 Till Borrow Area
2282.62 1320.80 1153 .53
79-10 2482,.69 69 .92 1074 .41 2.83 North Abutment
2522.43 33.36 1075.91
79-11 2113.39 (=413.29) 1060.72 3.66 Outfall Area
2149 .41 (=469 .62) 1060.92
79-12 2065.01 (~=239.99) 1055.22 1.37 outfall Parallel to Creek
2055.37 (=334.41) 1059.49
79-13
t Top 1945.19 836 .86 1069.07 3.0 Gravel Terrace
& Bottom 1943.70 843.91 1066 .56
t Top 1938.48 858 .06 1069 .66
79-14
t Top 1713.13 1028.00 1069 .88 6.5 Gravel Terrace
& Bottom 1722.47 1011.67 1064 .57
t Top 1738.86 989.13 1069.23
79=15 1967 .08 600.85 1065.77 5.8 Gravel Terrace
79-16 20926.80 414.91 1060 .61 8.2 0ld Borrow Pit
79-17 2041.66 380.74 1064.34 6.4 0ld Borrow Pit
79-18 2144.77 524,84 1062.13 4.1 North Abutment, Intermed. Dam
2133.57 553,92 1062.39
79-19 2124.35 787 .81 1081.89 542 Core Borrow Area



TABLE 5-2 (Cont'd)

TEST PIT SCHEDULE (Other Than Along Canal)

TEST LOCATION ELEVATION DEPTH OF REMARKS
PIT (m) TEST PIT (m)
NORTH(m) EAST(m)
79-20
o) Top 2143.99 31.36 1049.46 4.6 Cross Valley Dam
t Bottom 2130.,97 28.36 1046.16
¢ Top 2111.20 24.07 1049.24 3.0 Stae. 0+070 East Canal
80-23
t Top 2178 .55 874.12 1109.20 4.0 Core Borrow Area
d Bottom 2181.30 857 .64 1104.13
Side 2178 .84 854.16 1105.54
& Top 2189.56 840.81 1107 .87
Side 2188.31 858.70 1108.63
80-24 4,0 Core Borrow Area
t Top 2160 .66 1158.30 1128.98
t Bottom 2157 .78 1169 .93 1125.56
& Top 2150.58 1185 .41 1129.35
Side 2153.09 1170.01 1129.34
Side 2164.23 1170.80 1130.66
80-25 4.0 Core Borrow Area
Fi Top 2105.12 1252.65 1124 .27
& Bottom 2102.13 1229.24 1118.04
o Top 2102.72 1215.42 1121.11
Side 2097 .68 1228.99 1120.57
side 211152 1230.56 1122.54



TABLE 5-3
TEST PIT SCHEDULE ALONG CANAL

STATION ELEVATION DEPTH OF REMARKS
FROM(m) TO(m) (m) TEST PIT (m)
0-060 0-080 1091.09 3.00 Excavated December, 1979 (T.P. 79-22)
0+030 0+060 1091.3 3.66 Excavated August, 1979
0+180 0+210 1092.3 2.44 o
0+360 0+390 1089 .3 4.57 "
0+545 0+575 1090.8 4.27 L
0+750 0+770 1091.°2 3.96 "
0+890 0+920 1088.9 4.88 "
1+080 1+110 1089.5 4.88 =
1+380 1+400 1087 .3 2.44 "
1+665 1+700 1086.5 4.27 £
1+900 1+930 1087 .4* 4.00 Excavated December, 1979 (T.P. 79-21)
24155 2+180 1084.0 4.27 "
2+500 2+530 1083.5 6.83 "
2+890 2+930 1086 .0* 5.18 o
3+150 3+175 1072.3* 3.66 "
1+772 1+936 1086 .8* 8.50 Test Excavation March, 1980

* Elevations averaged from canal baseline profile., All other obtained by stadia survey
of pit periphery and averaging.

NOTE: For the most part the test pits are located on the uphill side of the canal baseline.
See Figure 5 - 1 for plan location.
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6.0 GEOTECHNICAL SETTING

6.1 ZLocation of Information

The factual findings of the geotechnical studies for the Down Valley
Project are documented for the boreholes and test pits in Appendix IIT and
for the test excavation in Appendix V. This data, together with
geophysical and monitoring data, has been summarized on profiles and

cross—sections as follows:

Canal Profile Sta. 0+000 to 0+700 - Figure 6-1
0+700 to 1+400 - Figure 6-2

1+400 to 2+100 = Figure 6-3

2+100 to 2+800 - Figure 6-4

2+800 to 3+290 - Figure 6-5

Outfall - Figure 6-6

Cross Valley Dam

Profile - Figure 6-7

Intermediate Dam

Profile - Figure 6-8

Information not presented here but available from Golder Associates

files includes the following:

(i) Seismic refraction data for cross—-sections A,B,C,D,E,F,G,H shown

in plan on Figure 5-1.

(ii) Electromagnetic induction measurements along lines H and I shown

on Figure 5~1.

(iii) Stadia survey cross—-sections along the canal baseline from Sta.
0+000 to 2+600 at 100 m intervals, along the Cross Valley Dam
baseline at 60 m intervals, and through the initially proposed

core borrow pit at 60 m intervals.

Golder Associates



6.2 Findings

6.2.1 Diversion Canal -

About 0.3 m of moss and organic debris generally blankets the ground
along the canal route. This organic cover is instrumental in maintaining

permafrost conditions. This stratum freezes seasonally.

Beneath the organic cover are black or brown organic silts and/or
colluvium to a depth of about 1.2 m with exceptions occurring locally and
in the outfall area where such materials are found to depths of 1.5 m (an
extreme depth of 2.4 m was observed away from the canal route). Often
this organic silt persists as permafrost and may have water contents as
high as 120 percent. In the vicinity of creeks and groundwater flows this
material may remain unfrozen on an annual basis and these areas can
present trafficability problems. Some white volcanic ash may also be

found dispersed within the organic silt layer.

Beneath the organic silt stratum a form of till occurs. The till may
be green or brown, the green colour probably indicating the top of the
stratum as a result of chemical reduction or gleying at the base of the
surficial organic layers. The upper surface of the till is often pebble
rich and it is apparent that some erosion of the till surface may have
occurred at one time. 1In the vicinity of the test excavation boulders up
to 1.8 m in diameter were encountered at the top of the till stratum.
Evidence of some colluvial action is also present in that the upper till

may be interlayered with organic layers and/or white volcanic ash.

There is a substantial variation in the till over the canal route
from the point of view of both condition and composition. In general,
frozen till may occur throughout the route although more continuously
frozen, ice rich, fine-grained till tends to occur beyond station 0+900 on
the canal baseline. It is considered that the seismic refraction veloci-

ties presented on the canal profile sheets (Figures 6-1 to 6-5 inclusive)
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provide an indication of the frozen or unfrozen condition of the till. A
report prepared by Atmex Geophysics Inc., which performed the field
studies, indicated that "the permafrost horizon may correspond to a
velocity between 2000 and 3500 m/sec”. Furthermore, it was suggested that
partially frozen, unsaturated till could correspond to a velocity between
900 and 1500 m/sec and that velocities between 1500 m/sec and 2100 m/sec

correspond to unfrozen, saturated till.

Thermistors installed along the canal baseline confirm the discontin-
uous nature of the permafrost. The thermistor installed in Borehole No.
79-24 indicates no permafrost., This borehole is located in a relatively
flat topographic low where it is evident that appreciable surface and
subsurface water flow occurs and that this flow has a geothermal warming
effect. It is noted that this is the only thermistor along the canal

route which shows no frozen ground.

Aside from seasonal freezing the thermistors generally indicate
minimum temperatures of about -1° C. It is not surprising then that the
permafrost is not well defined by the thermistors, by seismic refraction
or even by direct excavation. A significant amount of unfrozen water can
exist at temperatures between 0° C and -1°C in fine grained materials and
this unfrozen water impacts the rippability of the material. 1In the
course of construction of the test excavation the till was found to be
discontinuously frozen on a small scale in that certain chunks of till
contained some ice stratification whereas adjacent material was completely
granular. It is also of interest that the frozen chunks were plastic and
could be broken down depending on the ambient air temperature, overall

rate of excavation and time to placement.

Till water contents normally range from a low of about 7 percent to a
maximum of about 39 percent. The average water content observed for
materials from the test excavation was about 18 percent with the higher

values being observed near the ground surface. A standard Proctor compac-
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tion test on a till sample from the test excavation yielded a maximum dry

density of 2100 kg/m3 at a water content of 7.8 percent.

Till composition is also highly variable. Gradations for selected
samples taken along the canal route are illustrated on Figure 6-9. The
outstanding feature of the tills is that they are extremely broadly graded
with only a few exceptions. Typically the materials contain at least 9
percent by weight of silt and clay size particles. Examination of Figure
6-9 indicates that most of the samples containing more than 40 percent
silt and clay size particles occur in the vicinity of the south abutment
of the Cross Valley Dam at Borehole No. 79-8 and at Borehole No. 79-24
near canal Sta. 1+230., Some of these samples exhibit low plasticity.
More typically the till contains between 10 and 30 percent fine grained

material.

Of some concern from the point of view of seepage losses are the mat-
erials near the inlet to the probosed canal. The occurrence of alluvial
desposits and gap graded schist-rich gravel tills has been noted on the
logs such as for Test Pit Nos. 79-0+195 and 79-0+045 (referred to as 1+80
and 0+30 on Figure 6-9 legend). These coarser materials would be expected
to have a permeability between 10~5 and 10-6 cm/sec. although the stabil-
ity of the fine grained portion of the gap graded gravel till could be
questioned when subjected to seepage gradients. During the field invest-
igation it was noted that standing water in Test Pit No. 0+195 disappeared

after excavation.

A permeability test was conducted on till material obtained from the
test excavation and compacted with standard Proctor effort at natural
water content. The resulting permeability was about 3 x 10-7 cm/sec. The
sample contained about 22 percent silt and 7 percent clay sizes on a dry
weight basis. Although crude in its representation of actual field
conditions the permeability increased by a factor of about 15 when the

sample was subjected to several freeze/thaw cycles.
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Shear strength parameters for the till are discussed in Appendix VI.
The effective angle of internal shear resistance for nonplastic tills is
expected to be about 36 degrees as was obtained for till from the proposed
till borrow pite Tills which contain higher proportions of fines and
display some plasticity may have effective angles of internal friction as

low as 32.5 degrees as was obtained for material from Borehole No. 79-24.

Some densities for the till in situ were obtained by determining the
density of frozen chunk samples. These ranged from 1780 to 2260 kg/m3
with an average of 1989 kg/m3. The particle specific gravity for sample

No. 1 from Borehole No. 79-24 was determined to be 2.73.

In the outfall portion of the proposed canal, alluvial deposits
underlie the surficial organic silts (see Figure 6-6). Some of these
gravel and sand deposits are marginally frozen and will require ripping
for excavation under freezing conditions. In general these alluvial
deposits become sandier with depth. Typical gradations may be found on

Figure 6-10.

Bedrock will be encountered within the proposed canal depth of
excavation as indicated by seismic data, borehole and test pit informa-
tion. The reaches of the canal baseline where bedrock is likely to be

encountered are:

(i) at the inlet (bedrock encountered at depth 2.4 m in Test Pit No.
79-22 [canal baseline Sta. 0-070])
(ii) ©Sta. 0+050 to 0+230
(iii) sta. 0+330 to 0+350
{iv) sta. 0+500 to 0+820
(v) sSta. 1+490 to 1+600

(vi) sta. 1+940 to 1+980

(vii) Sta. 2+200 to 2+410
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In most of these areas the rock is indicated to be nonrippable with
seismic velocities generally exceeding 4000 m/sec. Test Pits which have

encountered bedrock have also confirmed this.

Geologic evidence suggests that the bedrock in the Rose Creek diver-
sion area dips to the south-southwest at about 20 to 30 degrees. This
means that the primary bedrock structure dips into the hillside along the
proposed diversion canal route and this has been confirmed in test pit
exposures of subcrops, particularly in the vicinity of Sta 0+600. The
rock outcrops which occur upslope of the proposed canal are postulated to
be relatively erosion resistant bedrock and these outcrops are probably
related to shallow bedrock occurrences along the canal baseline. The 1974
quarry was developed in such rock and it is also probable that such
outcrops represent additional guarry potential in the vicinity of

Sta. 1+500 or Sta. 2+500 as necessary.

The specific gravity of a rock chunk sample recovered from Test Pit

No. 79-22 was found to be 2.80.

It should be expected that some of the rock near the bedrock surface
is disturbed and fractured. The permeability of such rock is unknown but
it is anticipated that some till lining of the canal will be required to
minimize seepage losses. There are indications that some bedrock will be
frozen and therefore use of blasted rock as a potential source of riprap
must be based on unfrozen fragment sizes. Some photographs from the

existing quarry may be found in Appendix IV.

6.2.2 Cross Valley Dam

At the location of the Cross vValley Dam (see Figures 2-2 and 5-1),
the Rose Creek Valley has been infilled mainly by granular alluvium to a
maximum depth of about 50 m. The Cross Valley Dam site is somewhat unique
in that only a small gravel ridge exists to the elevation of the upper
level terrace which is characteristic of the Rose Creek Valley. Terrace

level is generally about 10 m above the elevation of the creek.
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The valley floor deposits above creek level in the "gravel"™ ridge
consist of mainly sand and gravel but also there are extensive lenses of
frozen, nonorganic fine sands and silts (see for example curve #7, Figure
6-10) and, further upstream, organic silt pockets which can be seen on
aerial photographs of the area because the ridge was stripped in July/Aug-
ust, 1979. The gravel ridge deposits are be discussed below under the

heading, Borrow Sources.

The alluvial fill materials at or near creek level generally are
loose fine sands mixed with organics. In the vicinity of the closure
section of Rose Creek (i.e. Borehole No. 79-21) several large boulders
were encountered to depths of about 2.1 m. In some areas in the vicinity
of the upstream toe of the proposed dam, organic silts and muskeg occur to
depths of 4.5 m and, in the vicinity of Borehole No. 79-18 these high
water content materials are frozen. Test Pit No. 79-20 yielded frozen
densities in the organic silt ranging from 1181 to 1485 kg/m3. Water
contents ranged as high as 90 percent and thaw consolidation tests on the
material indicated that the settlement on thaw alone would be about 29
percent of the thickness of the deposit. The identifiable wood content of

the material was found to be 7.5 percent.

The occurrence of permafrost in the vicinity of the upstream toe of
the proposed dam is shown by the seismic data presented on Figure 6-7.
The near surface stratum showing a seismic velocity of 3500 m/sec corres-
ponds to permafrost and confirmation of this is shown by the thermistor
data obtained for Borehole No. 79-18 and the downhole geophysical log
which are contained in Appendix III. It is noted, however, that no
permafrost was observed during drilling at Boreholes No. 79-7, 79-19,
80-38, 80-38A, 80-41 and 79-34. Furthermore, it appears that the perma-
frost thins from the dam baseline toward the cross valley arm of Rose
Creek because both Borehole Nos. 80-39 and 80-40 had to be terminated due
to inflow of water into the air rotary hole and these termination levels

are believed to define the lower limit of permafrost. Seismic and
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electromagnetic induction measurements along line H-H of Figure 5-1
indicate the 10 m thickness of permafrost encountered at Borehole
No. 79-18 probably extends up valley beneath the proposed upstream blanket

(discussed later in text).

The alluvium which forms the unconsolidated foundation of the Cross
Valley Dam is highly varible. The variety of gradations is demonstrated
on Figure 6-11 which clearly indicates that fine grained materials do
occur, particularly in the vicinity of the current Rose Creek channel.
Some of these materials appear to be gap graded silty gravels. On the
north side of the valley floor occurrences of schist rich "till" were
noted within the alluvium at Borehole Nos. 79-1 and 79-19. This observa-
tion is believed to be related to the relatively shallow bedrock elevation
and is compatible with the till-like deposits which are wedged within
upper level terrace gravels upstream and downstream of the proposed Cross

Valley Dam.

Standard Penetration Test "N" values indicate that the alluvium is in
a marginally compact condition in some local areas with a minimum value of
10 being observed. More typically it is compact with "N" values ranging
between 15 and 30. Abnormally high "N" values reported on the logs
reflect the occurrence of particle sizes much larger than the split spoon

diameterse.

A loss of circulation zone was encountered at about El. 1030 in Bore-
hole Nos. 79-15 and 79-16 and corresponded to a relatively high permea-
bility zone in Borehole 79-1. Piezometer tests in the alluvium indicate
permeabilities up to 10~4 cm/sec. Computations relating to water produc-
tion and depressed head for the air rotary Borehole 79-34 suggests a maxi-
mum permeability of about 10-2 cm/sec. It should be noted that this is a
local permeability and does not represent the alluvium as a whole. 1In
fact the alluvium is interlayered with fine sandy silts at Borehole 79-34

such that the overall vertical permeability may be less than 10 ~> cm/sec.
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However, the occurrence of relatively permeable sand and gravel at the

base of the dam must be recognized in seepage estimates.

The bedrock which forms the valley bottom is a greenish to grey
schist which varies in hardness to drilling. Permeabilities of the bed-
rock as determined by piezometer rising/falling head tests are approxi-

mately 107> cm/sec.

The abutments of the cross valley dam are transitional between the
valley bottom alluvium and the valley wall tills, the latter often
occurring as ice stratified permafrost near surface. Borehole No. 79-26
on the north abutment encountered alluvium exclusively. Alternatively the
till which was found in Borehole Nos. 79-5, 79-17 and 79-20 was frozen to
a depth of about 13 m and contained significant pockets of alluvium. The
excavation for the North Valley Wall Interceptor will most certainly
include some permafrost excavation. At depth it is believed that a

deposit of rock flour was encountered at Borehole No. 79-20.

The south abutment will be keyed into frozen tills and possibly some
fine grained colluvium. It is expected that the upper H.S m of this
material will be relatively ice rich. Downstream of the Cross Valley Dam
the alluvial fan of the valley wall creek occurs and some unfrozen fine
grained alluvium should be anticipated there. Gradations of selected
samples taken from the Cross Valley Dam abutments are presented on Figure

6-12.

6.2.3 Intermediate Dam

The Intermediate Dam is located about 400 m upstream of the Cross
Valley Dam and differs from the Cross Valley Dam in that much of the dam
traverses the upper level terrace gravels. The unconsolidated foundation
also differs in that no extensive occurrences of permafrost occur in the

valley bottom area.
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As for the Cross Valley Dam, the Intermediate Dam foundation is fine
grained in the proximity of the current Rose Creek channel. The current
creek banks consist of near surface loose fine sand alluvium mixed with
organic debris which is anticipated to be about 1 m thick. In fact sev-
eral distributary flood channels dissect this surficial alluvium adjacent
to Rose Creek to depths of about 1 m and this alluvium is precarious to
surface traffic. This is also true for the Cross Valley Dam foundation

areae.

The fine grained foundation materials generally exist in a compact
condition with "N" values ranging fom 14 to 67 (see Record of Borehole
sheets for Borehole Nos. 80-33 and 80-46). Some colluvial action is
apparent at the location of Borehole No. 80-37 in the south abutment area
where organic seams occur within a till-like mass; here an "N" value of 10
was recorded. The organic silt observed in the field in Borehole No.
79-31 contained only 0.8 percent organic matter with respect to air dry
weight. It appears that this stratum becomes coarser and more competent
with increasing distance downstream of the Intermediate Dam baseline as
evidenced by contrasting observations between Borehole Nos. 79-31, 79-33,

80-37 and 80-46, 80-35,80-36.

Typical moisture contents of the fine grained alluvium range from
about 18.5 to 28.8 percent with an average of about 26 percent. Grada-
tions for the fine grained alluvium occurring in Boreholes Nos. 79-31,

79-33, and 80-46 are reported in Figure 6-11.

The bulk of the Intermediate Dam foundation will interface with sand
and gravel alluvium similar to that reported on Figure 6-11 for the Cross
Valley Dam. The permeabilities, as indicated by the air rotary rig water
returns, could be expected to range as high as 10-2 cm/sec. However, the
layering of the natural materials precludes the direct use of this

parameter in estimates of seepage beneath the dam.
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The bedrock forming the bottom of the valley at the site of the
Intermediate Dam is a greenish grey schist. Normally little or no water
return was obtained when drilling with the air rotary rig indicating a
permeability lower than 10 =2 cm/sec. However, significant flows were
observed in Borehole No. 80-33 suggesting that bedrock disturbance may
exist at this location and therefore that the permeability may be as high
as 1074 cm/sec. This is consistent with the relatively low seismic
velocities which were observed in the vicinity of Rose Creek at the Cross

Valley Dam.

The north abutment of the Intermediate Dam consists of relatively
coarse sand and gravel till and some alluvium as indicated by Test Pit No.
79-18 and Borehole No. 79-29. The materials are quite dry with a moisture
content of only 8 percent being observed at the Test Pit which was also
completely frozen. However, Borehole No. 79-29 revealed no permafrost at

that location.

The topographic low which occurs in the vicinity of Test Pit No.
79-18 indicates that there has been some near surface fluvial action and
this is confirmed by the silty sand lensing which was evident on one wall

of the test pit and noted on the log.

Bedrock occurs at a relatively shallow depth of about 2 m at the

north abutment.

In the south abutment area it is expected that frozen till will be
encountered with the possibility of some colluvium and organic deposits.
The occurrence of shallow bedrock is also a possibility judging from the
occurrence of bedrock at a depth of about 2 m at Borehole 79-32. An
irregular, possibly disturbed, bedrock surface should be anticipated in

the south abutment area.
6.2.4 Borrow Sources

There are a number of areas which have been investigated as potential

sources of gravel, filter material, and till core. Specific quarry sites
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for production of riprap have not been investigated but the experience
gained in the existing quarry is documented on the photographs included in

Appendix IV.

The most outstanding source of relatively clean gravel deposits is
the upper level terrace which is prevalent north of Rose Creek and
upstream of the Cross Valley Dam. Typically these materials have less
than 5 percent passing the No. 200 sieve and are relatively dry with
moisture contents of about 3 to 5 percent. Numerous exposures in old
borrow pits and the current test pit program have demonstrated that the
terrace is typically blanketed by 0.3 m of moss, organic silt and volcanic
ash where no tree population is present. Where trees occur, up to 1.2 m
of frozen organic silt may overlie the gravel which may or may not be
locally frozen. Beneath the stripping the upper 1.5 m of gravel is found
to be relatively silty and boulder rich (see P. 11, Appendix IV). Once
below this upper gravel stratum the alluvium tends to become finer and
lenses of medium to coarse sand are common. In some areas the gravel is
relatively fine and yet clean and therefore it is considered generally
suitable as a filter material against both general gravel borrow and the

glacial till (see P.15, Appendix IV).

Gravel terrace deposits also occur downstream of the Cross Valley Dam
in the outfall area of the canal, further downstream in an extension of
the upper level terraces, and in the North Abutment area of the Cross
Valley Dam. It appears that the comments made above for the up valley
deposits are also appropriate for the downstream terraces. A summary of
the gradations obtained for the various gravel deposits is provided on

Figure 6-10.

Anomalous terrace deposits occur in the vicinity of and upstream of
the north abutment of the Cross Valley Dam. These deposits appear to be
till-like wedges within the normal terrace deposits, are schist rich and
contain larger proportions of fines than the typical terrace gravels. No

samples of this material were taken although photographs are on file.
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Glacial till is available on both valley walls. However, the north
valley wall tills are more accessible and are less extensively frozen. It
is proposed therefore that the north valley wall tills be used for till
borrow with supplementary.potential arising from the till waste resulting
from excavation of the diversion canal. This is also recommended to
minimize activity on the south valley wall where unnecessary activity on
the slope would risk the stability of the canal. Nevertheless the area in
the vicinity of Borehole No. 79-24 is flat, relatively unfrozen and

represents a possible source of till borrow on the south valley wall.

Example gradations of the till on the North Valley wall are provided
on Figure 6-13. The outstanding feature of these tills are their grada-
tion variability. The spectrum ranges from tills containing 60 percent
gravel to those containing more than 50 percent passing the No. 200 sieve.
The coarse tills are schist rich and handling of such materials would
probably result in some segregation and locally high permeabilities (see
photograph of schist rich till on P.4, Appendix IV). The occurrence of
schist rich till is not directly related to the proximity of bedrock

because, at several locations, it overlies finer grained tills below.
Till thicknesses range from as low as 1.5 m to as high as 5.1 m with
an average thickness of about 3.5 me. Stripping depths of 0.3 to 0.5 m

should be expected to expose the till thicknesses described above.

A more thorough discussion of borrow pit quantities is provided in

Appendix VII.
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| 1068 5) Canal Alignment does not follow Canal Baseline precisely. See Figure & - 1068 |
6) Instrumentation and Information for Test Excavation presented on Figures V-1 and Figure Y-2, Appendix I 5700
| 1066 1066 |
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5% X D % %
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1082 :{"’\ :%: 3300 Loy "c‘ S b“s Beginning of 5% Outfall 1082
= % b‘% oY o % Alignment deviates signifi— “\ T
% "\ % 3 \gg cantly from Canal Baseline. %
3200 N % PR % 7 % - %
1080 %2 % %) (17 Proposed Diversion Pilot Channet: Invert ( Approx. see Note 5 ) % % i
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NOTES : | 5 g\’*};
1. 1072 1) Ground surface profile obtained by Underhill Engineering Ltd., Whitehorse , Yukon using F ] '*"»‘% 1072
ground survey techniques based on co-ordinates for Cyprus Anvil station 78-17 of ! &
320.09m N, 322050 m E and a NW corner pumphouse slab elevation 1089.5I5 m. }5 ({g
2) Seismic data obtained by Atmex Geophysics Inc., Vancouver, B.C. Seismic boundaries are ‘, A %‘:
. 070 based on observed velocities which may result from the integrated effect of several layers. be k{f\ 1070 |
t 9
3800 3) Test Pit ond Borehole information projected onto profile ( See plan location on Figure S5-I te :%
Detailed Test Pit and Borehole logs may be found in Appendix IIL. Test Pit elevations Lo &
1068 obtained by averaging stadia survey elevations of pit periphery except T.P I+ 915 B 068
B (T.P. 79-21), T.P 2+155, T.P 2+910 and T.P. 3+160 which are estimated from canal } % T
baseline Ground Surface profile. | :@55:
4) Interpolation of stratigraphy between boreholes and test pits using seismic dato is based on ;’ e
| 1066 conditions at the boreholes ond the test pits ond therefore should not be considered b = 1066 |
conclusive . I 2 %
5) Canal Alignment does not follow Canal Baseline precisely. See Figure S5-|. ; 4300 4800
| 1064 6) Instrumentation and Information for Test Excavation presented on Figure V-| and Figure-2 Appendix ! 1064 |
| 1062 1062 |
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| 1056

L 1054

| 1052

| 1050

| 1048

| 1046

| 1044

1. 1042

I 1040
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SCALE: Vertical- [:200
Horizontal - [: 2000

TP 3+160

CANAL BASELINE GEOTECHNICAL PROFILE
STA. 2+800 TO STA. 3+ 290

FIGURE 6-5

Ground Surface

Canal alignment differs substantially from

1086 |
1084 |
1082 |
1080 _J
1078 |
1076 |
1074 |
1072 |
1070 |
1068 |
1066 _|

1064 |

Elevation (m)

Canal Baseline . See Figure 5- |

3500

Horizontal Chainage (m)

2500
NOTES : | ) Ground surface profile obtained by Underhill Engineering Ltd., Whitehorse , Yukon using
ground survey techniques based on co-ordinates for Cyprus Anvil station 78-17 of
320.09m N, 3220.50 mE and a NW corner pumphouse slab elevation 1089 515 m.
2) Seismic data obtained by Atmex Geophysics Inc., Vancouver, B.C. Seismic boundaries are
based on observed velocities which may result from the integrated effect of several layers.
3) Test Pit and Borehole information projected onto profile ( See plan location on Figure - :
Detailed Test Pit ond Borehole logs may be found in Appendix][. Test Pit elevations
obtained by averaging stadio survey elevations of pit periphery except T.P. |+ 915
(T.R79-21), TP 2+155, T.P 2+910 and T.P. 3+160 which are estimated from canal
baseline Ground Surface profile.
4) Interpolation of stratigraphy between boreholes and test pits using seismic data is based on
5000 conditions at the boreholes and the test pits and therefore should not be considered
conclusive .
5000
3+200 34300
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Project No :

( METRES )

ELEVATION

1086

1082

1078

1074

1070

1066

1062

1058

1054

1050

1046

Ground Surface

lnver?‘ of Main Channel —
| 0.1I9%Slope —:ZX—j %
E1.1080.9 | e ;2
' Invert | of Pilot Channel—-/ g
s
| i &
i \\//:; 5
‘ :
3 5; @
i oAl
| ™~
a I
{ ;//: Possible limit of e
; % excavation required N
l below channel invert e
a T
k
NOTE : 1) <Fround surface profile obtained along proposed canal centreline from photogrametric countour plan

47 Drop Weirs

scale 1:2000, 3m. contour interval prepared by Nortwest Survey Corporation Ltd. and from spot
élevutions taken by Undererhill Engineering Ltd.

1

2) Test Pit and Borehole information projected onto profile (see plan location on Figure 5-1. Detailed
“Test Pit and Borhole logs may be found in AppendixIl. Test Pit elevations obtained by averaging
stadia survey elevations of pit periphery .

3) conditions at the Boreholes and Test Pits are not necessarily representative of those between

he Boreholes and Test
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No

Project

GEOTECHNICAL PROFILE
ALONG INTERMEDIATE DAM BASELINE

FIGURE 6-8

SOUTH
L 66 BH. 80-47
r B.H. 80-48
BiH.. 79~32 BH. 80- 35 BH 79-29
1 -
1095 Proposed BH. 80-37
Dweésion Canal BH.79-33 BH. 80-46 79-27 BH. 79-28 B.H. 79-30
‘ TR 79-18
B H.80-36 BH. 79-3l
F 1090
L Proposed ultimate dam
e85 Elevation 1083 m 7
/ (Seasonal)
r 1080
L1075 Ground  Surface ‘ ¥
|
DECANT Proposed stage I dam
L1070 CHANNEL. ¢ \yeraEncy Elevation 1068.8 m | Elevation 1068 m 7
( SPILLWAY e e =
/ }- 0.8m allowance
for settlement ST T e
- 1065 g
|
Approx. ¢ of
r 1060 RoseI Creek
700 790
r 1055
———
- 1050
1045 1550 NOTES : 1) Ground surface profile obtained from photogrammetric contour plan scale |: 2000,
3 m contour interval prepared by Northwest Survey Corporation Ltd.
L 2) Seismic dato obtained by Geo- Physi- Con Co. Ltd.,of Calgary, Alberta. Seismic
boundaries are based on observed velocities which may result from the integrated
r 1040 effect of several layers.
3) Test Pit and Borehole information projected onto profile ( See plan location on
Figure .. ). Detailed Test Pit and Borehole logs may be found in Appendix TIT.
L iozs Test Pit elevations obtained by averaging Stadia survey elevations of pit periphery .
4) Interpolation of stratigrophy between boreholes and test pits using seismic data is
based on conditions at the boreholes and test pits and therafore should not be
considered  conclusive .
 oso 5) ln}ermedio'e Da_m alignment does not follow Intermediate Dam Baseline pre -
cisely . See Figure 5.1 Seismic data projected onto baseline from line I-T .
r 1025
- 1020
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F ~—— Seismic boundary E,,—_‘ )
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LIST OF CROSS VALLEY AND INTERMEDIATE DAM SAMPLE GRADATIONS

List of Gradations in Envelope List of Gradations Outside Envelope
1. BH-79-16-5 6. BH-79-18-32
2. BH-79-7-13 9. BH-79-18-9
3. BH-79-16-9 10. BH-79-21-7
4. BH-79-16-7 14. BH-79-6-3
5« BH-79-15—-13 16. BH-79-18-12
7. BH-79-18-3B 18. BH-79-21-5
8. BH-79-15-12 24. BH-79-21-1

11. BH-79-7-11 29. BH-72-18-4
12. BH-79-7-5 32. BH-79-18-1
13. BH-79-6-9 34. BH-79-19-1
15. BH-79-18-15 35. BH-79-31-WS3
17. BH-79-16-13 36. BH-79-31-WS5
19. BH-79-21-12 37. BH-79-33-WS2
20. BH-79-15-6&7 38. BH-79-33-WS5
21. BH-79-18-6 39. BH-79-33-WS7
22. BH-79-18-2 41. BH-80-35-2
23. BH-79-16-2 42. BH-80-37-1
25. BH-79-18-5A 43. TP-79-18-1
26. BH-79-18-13 44. TP-79-20-3

27. BH-79-18-5B
28. BH-79-15-3
30. BH-79-18-15
31. BH-79-16-15
33. BH-79-18-2
40. BH-80-35-1
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7.0 PROPOSED DESIGN AND CONSTRUCTION

Each of the elements of the Down Valley Project is located on Figure
7-1. The investigation profile baselines are also located on this plan

for reference.

The proposed designs of each one of the project elements are
presented here. It is noted that the technical support data for these

designs may be found appended to this report as follows:

Appendix VI - Cross Valley Dam Design
Appendix VIII - Diversion Canal Geothermal, Seepage and Stability

Considerations

Appendix IX Hydrologic and Hydraulic Design

Appendix X Earthquake Data, Peter Byrne Review

Important discussions included in these appendices pertinent to
construction of the various project elements, to post construction
monitoring and instrumentation, and to maintenance are not reiterated here

for brevity.

7.1 Diversion Canal

The alignment of the proposed canal was chosen, based on the design
assumption that it is desirable to keep the canal in cut as much as
possible because postulated winter construction would probably preclude
the building of dependable dykes. Sidehill canals are generally most
economical if balanced cut/fill is attempted but such a solution is
anticipated to result in unacceptable seepage losses through poorly
compacted dykes. Therefore a 50 year flood in cut criteria was adopted to
locate the canal route meaning that the centreline of the canal was
located such that the downhill channel cut was 2.4 m with respect to the
natural ground surface. Use of this criteria has resulted in a ratio of
excavation volume to fill volume of about 4 to 1 and, in spite of this,
some significant fills are required locally to maintain an acceptably

smooth alignment. Where these fills are required it is recommended that
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the dykes be constructed in thawing conditions to permit proper compac-
tion. This constraint will mean that the diversion canal will not be
functional before the spring flood. Alternatively it may be desirable to
accept larger excavation volume or a more tortuous alignment and thus to
avoid the potential seepage problems of locally shallow cuts and locally

large fills.

The standing canal alignment is shown on Figure 7-1. It is expected
that this aligmment will require some modification when the final survey

cross—sections have been obtained.

The proposed cross-sections for construction of the canal are pre-
sented on Figures 7-2, 7-3 and 7-4. The hydraulic cross-section of the
canal is based on the recommendations provided by Hydrocon Engineering
Ltd. and their report contained in Appendix IX for reference. With 1 m
of freeboard the section is capable of carrying a 50 year design flood.
With no freeboard the section is anticipated capable of passing a 500 year

flood and this is referred to as the contingency design flood.

There are three possible basic cross—sections which are anticipated
necessary to accommodate the expected range of soil and rock conditions

along the route. These sections will reflect:
(i) full thermal protection only
(ii) seepage control and thermal protection

(iii) channel excavated in rock

The full thermal protection alternative shown on Figure 7-2 requires

that a 1.7 m thick gravel blanket be placed against the 2 horizontal to 1
vertical design sideslopes. This gravel blanket is intended to insulate
and thus reduce the rate of thaw of otherwise problematic permafrost.
Reduced rate of thaw permits drainage to occur in which case the thawing
soil retains strength. The gravel blanket also serves to filter locally

ice rich pockets which would otherwise flow and possibly lead to
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retrogressive degradation of the slope. Lining the diversion canal with
gravel will also improve the erosion stability of the canal at most
locations because it is normally coarser than the tills in which the

channel will be cut.

At some locations along the canal route the materials are not con-
tinuously frozen or frozen ice rich. This does not preclude the use of
the gravel blanket because areas which overlie these thaw-stable or thawed
zones are usually ice rich and therefore require thermal and seepage
filtering protection. Furthermore, permafrost may underlie thaw-stable
zones. The practical solution to these broadly variable soil conditions is
to simply blanket the entire cut slope with gravel and accept that, where
thermal insulation and filtering are not critically important, some
additional erosion protection is provided against both stream flow and

down slope surface drainage.

The base of the excavation is generally flat and therefore virtually
no soil shear strength is required to maintain stability. It is also
noted that ice rich soils appear to be uncommon at depth. For these
reasons the canal bottom blanket thickness is reduced to 0.8 m, consisting
of 0.5 m of Class A rock for erosion control and 0.3 m of gravel filter

between the rock and the natural soils.

The dyke which forms the downslope bank of the canal and is common to
all 3 cross-section alternatives should be compacted according to a
procedural specification. Relatively dry selected canal waste excavation
should be used in these dykes and compacted immediately after excavation
to take advantage of the relatively warm permafrost when compared to
ambient air temperature. As stated above, where relatively high dykes

occur the construction should be undertaken under thawing conditions.

The seepage control and thermal protection alternative shown on

Figure 7-3 utilizes a 1 m thickness of compacted till as a seepage

reduction liner. The need for such seepage control should be assessed
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according to the seepage control criteria established in Appendix VIII,
namely, that the canal should be lined in areas where the soil exhibits a
permeability greater than 1074 cm/sec. The lining till material should be
selected from the waste excavation materials, should be unfrozen, should
be placed in thawing conditions at about standard Proctor optimum moisture
content (7.8 percent) and should be compacted to maximum standard Proctor
dry density (2100 kg/m3) in maximum lift thicknesses of 0.3 m. The till
is considered suitable if it has a minimum of 20 percent by weight passing

the No. 200 sieve.

Between Sta. 0+000 and 0+700 of the Diversion Canal occurrences of
relatively coarse till or alluvial deposits have been noted. Although all
laboratory gradations of these materials are such that a permeability
lower than 10~4cm/sec. is expected, it is possible that local occurrences
of coarser materials will be exposed during excavation that will require
lining. For this reason it is important to monitor the excavation
materials. Of principal concern are the bedrock occurrences which may
form the bottom of the canal channel. While the seismic refraction
surveys have generally indicated the rock to be of good quality, some
disturbed and jointed bedrock has been noted. The area in the vicinity of
the prominent creek at Sta.0+600 is one area where lining may be required.
Others include those areas where rock may be encountered within the depth

of excavation, namely:

(i) in the vicinity of the canal inlet
(ii) Sta. 0+050 to 0+230
(iii) sta. 0+330 to 0+350
(iv) sSta. 0+500 to 0+820
(v) Sta. 1+490 to 1+600
(vi) Sta. 1+940 to 1+980
{(vii) Sta. 2+200 to 2+980

As an alternative to till lining in the rock, it is also possible

that grouting of the fractures would successfully control seepage. The
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success of this labour intensive technique will depend on the degree of
rock disturbance. Grouting operations should be completed in nonfreezing

conditionse.

If the base of the canal excavation is ice rich or extensive ice
lensing occurs within the 50 year design flood depth, seepage losses may
become a concern upon thaw. In such cases it would be adviseable to
construct the seepage control cross—-section (as discussed previously and
during thawing conditions). Over-ripping of the downslope cut bank of the
canal is another undesirable situation which may require the placement of

a till blanket on the downslope cut face.

Where intact bedrock is encountered the excavation sideslopes may be
steepened to 0.5 horizontal to 1 vertical as shown on Figure 7-4. If the
rock is disturbed and fractured either the seepage control cross-section
described above will be required, necessitating flattening of the side-
slopes to 2 horizontal to 1 vertical, or the rock may be grouted if a

successful product results.

Where the depth to bedrock is uncertain the canal should be staked as
though seepage control or thermal protection is required. When bedrock is
encountered a bench may be exposed and the excavation completed with
steeper sidelopes. If poor quality rock is revealed the possibility
remains that the rock bench can be cut back and lined with till. The rock
excavation will require blasting and it is important that the rock not be
unduly disturbed outside the excavation for reasons of seepage loss

control and possible deficient stability.

It is probable that the canal lowside cutslope will expose bedrock
having some planes of weakness dipping into the excavation. The attitudes
of these planes of weakness are not known but it is expected that the 0.5
horizontal to 1 vertical sideslopes can be used at the hazard of having

only small block failures which would daylight on the exposed bench where
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rock pick up could be treated as a maintenance item if it occurs after

construction is complete.

If there is no doubt that the upside cut of the canal can be made in
intact rock below the 50 year flood level it may be possible to stake the
upside cut according to rock cut only. Furthermore, cut slopes steeper
than 0.5 horizontal to 1.0 vertical may be acceptable on the upslope side

of the canal.

Along the route of the proposed canal there are 2 relatively major
valley wall creeks which must be intercepted. These are at Sta. 0+600 and
3+100. The flow in these creeks varies substantially from more than 0.2
m3/sec in the spring and summer down to virtually zero flow at certain
times in the winter. The proper interception of these flows is important
because sizeable glaciations across the diversion channel might eventually
choke off the Diversion Canal. 1In general, the interception design
approach should be to prevent heat loss from the flowing water and to keep
velocities high and the flow concentrated. Possible designs for these
interceptions are presented in Appendix IX where it is also recommended

that the interceptions be field engineered.

Appendix IX also discusses the occurrence of relatively small and
intermittent valley wall streams and possible designs for their inter-
ception. It is noted that one of these streams occurs in the vicinity of
the test excavation and that, in the course of construction, a slope icing
up to 0.4 m thick was encountered in the vicinity of Sta. 1+900. No
special interception installations were made and the behaviour of the
excavation in this area should better define the need for and requirements
of small stream interceptions. Artificial stimulation of glaciation
uphill of the proposed canal could serve as a short term solution if canal
icing problems develop and this would permit evolution of optimal inter-

ceptions as necessarye.

Erosion control in the canal along the 0.19 percent grade reaches

should be provided by lining the channel bottom and wells to the 500 year
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flood elevation with Class A riprap as discussed in Appendix IX.
Initially it was intended to windrow cobbles from the gravel f£fill lining
and place these on the channel slopes but this operation was found to be
somewhat unsuccessful when constructing the test excavation. The
resulting riprap was not continuous and the gravel borrow pit was
sufficiently variable to render impractical the generation of slope
protection by this method. Furthermore, gravel segregation was not

possible on the bottom of the canal.

Grade control buried weirs or sills are also discussed in Appendix
IX. The necessity and frequency of these structures will be determined in
the field; they are recommended where the distance between canal rock

excavations exceeds 250 me.

The proposed drop weir and rock lining to be used in the canal out-
fall is illustrated on Figure 7-5. The design shown is considered to be a
practical extension of the recommendations of Appendix IX and the weir
section is considered to be more robust than that which is now employed
for the smaller flood flows carried by the existing channel. Parts of the
canal outfall will be excavated in permafrost and generally the rock fill
generated will serve as an insulation substitute for gravel. Nevertheless,
it is particularly important to place a gravel filter between fine grained
ice rich soils exposed by the excavation and the rock filter lining to
ensure that sinkholes do not develop through unwanted internal erosion of

the channel walls.

7.2 Cross Valley Dam

Design considerations for the construction of the Cross Valley Dam
are documented in Appendix VI. The proposed cross-section is shown on

Figure 7-6.
The Cross Valley Dam will be constructed to its final design crest

elevation of 1065 m during the summer 1981 Stage I construction. This

will provide a water storage between the Cross Valley and Intermediate

Golder Associates



Dams of about 1.4 million m3, equivalent to about 60 days of inflow at

0.27 m3/sec.

The alignment of the Cross Valley Dam has been shifted downstream in
the south abutment area from that which was initially designed. This has
become possible because the final crest elevation of the dam has been
reduced and desirable because ice rich permafrost tends to feather out as
one moves downstream of Borehole No. 79-18. The new alignment reduces
significantly the amount of difficult frozen foundation subexcavation
required. Extrapolation of the February, 1980 borehole inforﬁation
suggests a fine-grained permafrost limit as shown on Figure 7-1 and
suggests that relatively minor amounts of permafrost removal will be

required near the upstream toe of the dam.

The proposed cross—-section is a zoned earthfill dam with 2 horizontal
to 1 vertical upstream and downstream slopes and consists of an upstream
seepage control blanket and a central till core extending below ground
surface by 3 m to cut off any near-surface abandoned creek beds or other
pervious zones. The proposed dam will be constructed under spring/summer
conditions and all materials placed above water level must be compacted in
maximum 0.3 m lifts. Materials placed below water level should be placed
in a single lift with precautions being taken to ensure that loose mater-
ial is displaced at the advancing face of the fill and that post
construction settlement is minimized. Where two fills are advanced in
water towards one another it is mandatory to make provisions before
closure for removal of the accumulated loose material which has been

displaced by the advancing fill fronts.

The depth of foundation preparation required will be determined in
the field. To avoid costly well point dewatering of the excavation, it is
proposed that the subexcavation be done in the wet with as much dewatering
as possible with simple sumps and that the subexcavation materials be

carefully monitored by a qualified engineer as they are excavated.
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The amount of abutment preparation required will also be field
determined. Excavation of ice rich frozen soils within the foundation
area of the dam will be necessary and gravel blanketing of the cut slopes

and permafrost area 20 m downstream of the dam toe is recommended.

The upstream blanket has been divided into primary and secondary
components. The primary component will be a good quality till properly
compacted and constructed above water. The secondary component will
consist of initially frozen waste excavation from the Diversion Canal,
compacted as a single lift after thaw using the most practicable means

available.

Upstream of the core will be a granular zone which, although not
excessively coarse grained, must be as cohesionless as possible so that
any core cracks will be healed by seepage induced transfer of this
cohesionless material. Materials which best meet this requirement are

silty sands which occur locally, such as in the gravel ridge deposit.

A filter zone downstream of the core is intended to prevent piping of
core materials into segregations of the coarse material of the adjacent
zone. The filter material should be clean and sandy and devoid of cobbles

and coarse gravel.

Shell Type I and Shell Type II materials should be considered as
general fills, the difference between them being that Type I materials may
be fine grained whereas Type II should contain less than 5 percent of
minus No. 200 sieve. Type I materials could consist of reject core bor-

row. Type II materials would be terrace sand and gravel.

In view of the nature of the Cross Valley Dam foundation, settlements
of about 0.8 m are expected. Such a settlement would be expected to occur
over most of the length of the dam and therefore a uniform dam crest

elevation of 1065.8 m has been selected for construction.

Assuming the seepage control elements discussed above are in place,

the seepage through and beneath the Cross vValley Dam is computed to be
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about 0.03 m3 /sec. If the secondary blanket is ruptured the seepage loss
would be about 0.04 m 3/sec. These computed seepage flows are judged
indicative of acceptable seepage reduction in view of the allowable design
quantity of 0.15 m 3/sec. Precise prediction of seepage losses from the
retention pond are not possible because the local stratigraphy and geology
of the dam foundation are not known with complete certainty. For example,
the occurrence of abandoned creek beds at depth below the seepage cutoff
elevation cannot be precluded based on existing knowledge of valley bottom
conditions in the vicinity of the Cross Valley Dam and its associated
upstream blanket. And such abandoned creek beds could also daylight
upstream of the proposed upstream blanket. The seepage estimates
documented in Appendix VI are derived from an assessment of permeability
based on experience with other water retaining structures involved in
Cyprus Anvil's tailings disposal, the gradation of samples recovered in
the field investigation, and from the information obtained when drilling

air rotary boreholes.

7.3 Intermediate Dam

The Intermediate Dam differs from the Cross Valley Dam because its
primary purpose is to retain tailings. It is expected that the dam will
be built in two or more stages with the design crest elevation of the
first stage being 1068 m. The proposed ultimate elevation is to be 1083
m, the retained tailings pond being lower than the invert elevation of the
diversion canal at this location.”

Y

Because the Intermediate Dam will be constructed in at least two
stages and a tail water will develop on the downstream side as a result of
the retention pond between the Intermediate and Cross Valley Dams, the
foundation of the ultimate Intermediate Dam must be completed to El. 1064
m to allow subsequent construction activity. All materials must be
compacted according to the specifications for dam fill placement. The
extent of ultimate section constructiorn assumes that the ultimate dam will
be raised using downstream construction techniques with a downstream slope

of 2 horizontal to 1 vertical. The initial construction must assume
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this design approach although it is conceivable that a centreline cons-
truction could be used if tailings are spigotted against the upstream face
of the dam. This latter method is presently being used for raising the
existing dam and is quite economical because readily available tailings
materials are used to form a significant proportion of the embankment
volume and to keep the beach edge well away from the face of the cons-

tructed section.

Cross—-sections of the proposed Intermediate Dam are presented on
Figures 7-7 and 7-8. In general, the remarks stated previously for the
Cross Valley Dam concerning fill placement and construction also apply to
the Intermediate Dam. The proposed cross—-section in the vicinity of Rose
Creek (Figure 7-7) is similar to that recommended for the Cross Valley Dam
except that the base raising for the ultimate dam is required and the
upstream seepage control blanket is not required. The recommended
construction crest elevation for this reach of the dam is 1068.8, allowing
0.8 m of settlement which will result from compression of the embankment,
its foundation, and the foundation subexcavation replacement materials.
As for the Cross Valley Dam, it is expected that foundation subexcavation
below creek level will be necessary to remove unacceptable recent alluvium

and organic debris.

Figure 7-8 presents the recommended Intermediate Dam cross-section in
the upper level terrace reach. The seepage requirements of the Intermedi-
ate Dam, namely that no more than 0.23 m3/sec should seep through the dam
and its foundation, dictate that seepage control measures be installed in
the terrace area down to about creek elevation. Rather than place a
central core within the terrace gravels and the associated excavation and
replacement of much of the dam foundation, it is recommended that a 5 m
wide inclined blanket of glacial till be placed against the trimmed wall
of a terrace gravel borrow pit excavated such that the till blanket can be
easily incorporated into the dam section on the top of the terrace as
shown on Figure 7-8. The borrow piﬁ wall should be trimmed back to a 2
horizontal to 1 vertical slope to avoid disturbance and loosening of the
natural terrace deposits and to permit replacement of unsuitably coarse

materials adjacent to the till.
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It is expected that the Intermediate Dam will be constructed as soon
as possible to allow disposal of tailings in the new facility and so that
the closure of the Cross Valley Dam can be effected in relatively dry
conditions. This is relevant to the performance of the inclined till
blanket because freezing and dessication of the till will reduce its value

as a seepage reduction zone.

Because the Intermediate Dam in the upper terrace area will be
completed to a relatively low height and no permafrost is present, very

little crest settlement is anticipated and the proposed construction

elevation is 1068 m.

The remarks made above regarding the abutments of Cross-vValley Dam

are also appropriate to those of the Intermediate Dam.

7.4 Emergency Spillways and Decants

Details of the proposed emergency spillways are presented on Figures
7-9 and 7-10 according to the hydraulic recommendations of Appendix IX.
The profile and cross-sections shown pertain strictly to the Cross Valley
Dam but similar construction is proposed for the Intermediate Dam. The
locations of the spillways are shown on Figqure 7-1. Tailings wastewater
decants are also shown adjacent to the emergency spillways. The purpose
of the emergency spillway is to provide a controlled dam overflow
capability consequent to possible temporary inability of the diversion

channel to totally convey the Rose Creek flows.

The spillways consist essentially of an abutment sand and gravel fill
downstream of the dam embankments. The fills are graded at a 5 percent
slope until the retention pond elevation is reached in the case of the
Intermediate Dam spillway or until the natural ground surface is reached
for the Cross Valley Dam. The decant channels are incised into the top of
the spillway fills and should be continuously riprapped within their

channel sections.

The spillway crest is designed to be non-erodible during the 50 year

return Rose Creek flood. Some erosion of the unprotected fill forming the
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5 percent outfall should be expected but the riprapped spillway crest weir
is considered to adequately protect the main dam embankment. Guidebanks

along the spillway sides should also be riprapped.

7.5 Diversion Dam

The dam necessary to achieve redirection of the Rose Creek flow to
the new channel is located on Figure 7-1 and the proposed cross—-section is
shown on Figure 7-11. The diversion dam will likely be constructed in
early July, 1981 after the new diversion canal is completed. This
relatively small dam will probably be constructed in the wet across the
existing channel of Rose Creek. Zoned earthfill would be dumped as
necessary upstream of a starter rockfill dyke to reduce the seepage
through and around the dyke to acceptable levels. Embankment fills
outside the closure section and above the water level in the closure

section should be compacted according to normal dam specificationse.

The rockfill aspect of the closure section shown on Figure 7-11 is
not necessary outside the closure section. The south end of the diversion
dam will be continuous with the downhill dyke of the diversion canal. The

north end will abut the tailings dyke of the existing tailings facility.

The design elevation of the Diversion Dam should be marginally lower
than the diversion canal dyke elevation. The Diversion Dam can then be
used as a fuse plug protection for the Diversion Canal in the event of
larger than design floods occurring. Therefore it is recommended that the
Diversion Dam be constructed to an elevation such that the desired flow
capacity of the diversion channel will be utilized and the excess flow
will overtop the diversion dam. The surface of the diversion dam should

therefore be riprapped.
If necessary, the Diversion Dam can be easily raised at the end of

tailings disposal and when the performance of the canal will have been

adequately established.
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7.6 North valley Wall Interceptor

The required hyraulic cross-sections for a 50 year return period
flood are presented on Figure 8, Appendix IX. The alignment of the

proposed interceptor is shown on Figure 7-1.

Because most of the North Valley wall overburden is unfrozen there is
no concern given here to lining the channel section. It is recommended
that the proposed cross—-sections in Appendix IX be constructed without
armouring because it is believed that channel erosion can be treated as a
routine maintenance item, and that the channel will be fully stabilized by

the end of mining.

It is noted that much of the aligmment follows existing creek beds
and that channel excavation is required only to transfer flow westward
from creek to creek. Small diversion structures will be required to
divert the flows from these creek beds as indicated on Figure 8, Appendix

IX.

It is proposed that the North valley Wall Interceptor join the decant
outfall of the Cross Valley Dam just beyond the centreline of this dam as
shown on Figure 7-1. This will require a significant cut into permafrost
in the North Valley wall which should be lined with gravel for filter and

thermal insulation purposes.

7.7 Post—-Construction Maintenance

Earthworks construction is traditionally accompanied by a future need
for maintenance and the usual objective is that the amount of maintenance
decrease with time as the works become fully attuned to the local
environment. The amount of maintenance is related to the degree of
conservatism adopted in design and this is partly reflected by design
factors of safety. However, some aspects of design are not easily
guantified and both climatic factors and variability of construction

material play an important role. The final design thus becomes a melding
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of quantitative aspects, experience, judgement and the ability to provide

maintenance on a timely basis.

Previous involvement with Cyprus Anvil's tailings facility at Faro
has demonstrated that a maintenance free design is very conservative and
is not generally warranted because the tailings facility can be routinely
inspected by responsible mine staff who can initiate maintenance as
necessarye For this reason the final design of the Down Valley Project
is not a maintenance-free design. The objectives have been to provide a
safe design for the project, to advantageously use available materials,
and to utilize maintenance to attune the works to the environment.
Decreasing annual maintenance requirements are anticipated, as has been

the case with the existing tailings containment complex.

Other factors making an acceptance of maintenance appropriate
pertain to the natural geological variability of materials, particularly
permafrost, and the practicability of restraining the number of design
variations necessary for response to the variable geology. Furthermore
design compromise is necessary to accommodate practical construction. For
example, the intention that the proposed diversion canal be constructed in
winter conditions introduces the desirability for compaction of materials
under subzero temperatures. The success of this compaction is contingent
on weather, construction procedure, and variability of excavation
materials, all of which can only be specified, identified, or controlled
within practical limits. The need for good compaction also depends on the

location within the dyke configuration.

We expect that, for certain sections of the canal dyke, acceptable
compaction within the winter months will not be possible and that some
remedial work will be necessary during the thawing months for the first
few years of operation. Remedial work could involve reworking of poorly

compacted materials to the extent of 40,000 m3,
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Other maintenance items which we expect pertain to degradation of
permafrost along the canal and erosion of the canal, the dam spillways,
the decant channels, and the North Valley Wall Interceptor. The canal has
been designed to accommodate permafrost thaw at acceptable rates but
settlements related to consolidation of ice rich fine-grained materials
will inevitably occur on a local basis. Although the proposed canal is to
be completely armoured, we anticipate a need to react to local conditions
of glaciation and erosion, particularly in the vicinity of valley wall
creek interceptions where some maintenance experience will be gained
during the early operation of the canal. The emergency spillways and
decants have been designed to protect the dam cross-sections from erosion
by short term large flows over the dams and some repair of these
structures may be recommended after such flows occur. Periodic upgrading
of the decant channels which are continuously exposed to erosion may also
be necessary on a scale comparable to the maintenance of the existing
decant channel. The North Valley Wall Interceptor should be allowed to
develop a natural armouring just as the existing creeks have done in the
past. Maintenance should therefore only involve correction of problems

which could lead to breaching.

The dams are expected to perform much as the existing dam. The North
Abutment of the existing West Dam consists of frozen tills and colluvium
and it has performed acceptably to date. The abutments of the new dams
should behave similarly with allowance for gravel blanketing of the slope
downstream of the dam as necessary. It is expected that thaw of perma-
frost will occur upstream of the Cross Valley Dam and that the secondary
upstream blanket will suffer some loss of integrity in consequence; this
should not affect the dam performance except that seepage quantities would’
be expected to increase with time. The seepage at the downstream toe of
the Cross Valley Dam should be monitored with respect to quantity and

turbidity and a gravel filter could be required.

Golder Associates



Although the true extent of remedial work will only become apparent
after the project is in operation we do not anticipate extensive
maintenance other than that documented above. It is important to note
that all of these maintenance items can be rectified within the proposed
remaining 20 to 30 year operating life of the mine and most of the
maintenance needs will have occurred and will have been dealt with within
the first five years. Maintenance required as a result of higher than
design floods and other unusual occurrences is beyond the scope of this

discussion.

Golder Associates
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Project: 792 - 2025

¢
CANAL
l
\:\ |
; i Original f
\rgm grOuch{e)
—
Minimum excavation e '
limit \\
; ~—~
v/ B
s 500 year flood

Frozen till

(Top of dyke)

12.2 m

Compacted waste
excavation ( see notel) |

Compacted sand
and gravel blanket ( see note | )

NOTE : 1) Excavation and gravel lining of slopes to be done under freezinjy conditions.

Procedural specifications to be assigned for compaction of frozen fill.

2) This drawing to be read in conjunction with the text of Golc?er Associates
Final Design Report.

0.5 m (typical)
Class A Rock

D 15 120 to
D 50 ¢ 180 to
Dmax.: 210 to

0.3m (min.

180 mm
210 mm
300 mm

o | 2 3 4 5

10 meters

Scale |: 100
Horizontal and vertical

Waste pile
As required

Base of stripping

and

loos

ground
€ debr

S

PROPOSED DIVERSION CANAL CROSS - SECTION
FULL THERMAL PROTECTION ONLY

FIGURE 7-2

Limit of tree clearing J

Cle :
ared of SNOW, trees Debris and snow
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— Project :

v PROPOSED DIVERSION CANAL CROSS-SECTION
* SEEPAGE CONTROL AND THERMAL PROTECTION

FIGURE 7-3

¢
CANAL |
| |
| | |
‘ |
|
|
\
\ ~ |
e Original ground surface
\\
\\ ,/ I |
. : AN 7.6 m |
Minimum excavation —_ ! e :
limit aae o l ;
I | T 3.8m ]
> T /Top of dyke l
0.5 m ( typical) \—;—\ : R0
Class A Rock - Dis: 120 to 180 mm Lom =
Dso 180 to 210 mm : V¥ 50 yeationd —
Frozen till Dmax.210 to 300 mm (seepage control limit )
: | Compacted waste 1
a8 ol i) _—— excavation ( see note 3) | |
3.65m 2 Till liner ‘
Compacted sand and = . .
gravel blanket ( see note3) FUGE, Cimhe \Spe el Waste pile as required
Limit of tree clearing
d and gravel filter (typical)
NOTE: 1) Till seepage liner to be compacted to Standard Proctor
maximum dry density under thawing conditions .
2) This drawing to be read in conjunction with the text of .
Golder Associates , Final Design Report. :
Base of strippin
3) Procedural specifications to be assigned for compaction of materials ‘ PPINg gro
other than till seepage liner. ? und Surface cleq
| T T N ST e AT Debris and snow
‘ Scale I: 100 Horizontal and vertical
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No.

Project

NOTES:

Thermal Insulation
or Seepage Control

as necessary

(see Figures 7-2 & 7-3)

I. No bench, thermal insulation, or seepage control required If rock
outcrop occurs and rock is known to be intact below the
elevation of the 50 year flood

2. Blasting of rock to be limited such that required seepage control

or thermal insulation elements may be constructed as shown,
and such that integrity of the intact rock forming the channel
s maintained

3. All fractured or broken bedrock forming the walls of the

excavation to be treated or lined to the satisfaction of the
Resident Engineer

4. This drawing to be read in conjunction with the text of

Golder Associates' Final Design Report

Intact

PROPOSED " DIVERSION CANAL CROSS —SECTION

Rock [

| FIGURE 7-
INTACT ROCK EXROSURES =
|
|
¢ |
Proposed Canal ]
- Thermal Insulation ‘
nr Seepage Control ‘
; as necessary 3
~ (see Figures 7-2 & 7-3) i
38m 38m
1 W |
/ \ i Limit of I
R R TR T - e _—~ Compacted waste ; clearing |
excavation Waste pile
Pilot Channel ST T e T as required
122 m el Intact gt & \
Rock Surface T :
o = = — andDeSbr:i)sw
06m / NETIETET] | ey
[ f
3:65m | Base of stripping ———// \
| Natural ground surface
1 cleared of snow, trees
' and loose debris
4
0 | 2 3 4 5 10 |
[ — — Se—] 5
SCALE: 1:100 Horizontal and Vertical
Drcwn__gz_‘__
Rev'd _ _ D& _ _
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Date _ _May 1980
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B

Permafrost
Protection
if required
(sand and gravel)

Note: This drawing to be read in conjunction with
the text of Golder Associates Final Design

Report.

O OO0 ad=d ool "
Ogocco 7~ 5

Canal

0.3m Gravel Surfacing

“ __—Natural Ground

Surface

—

U T iy ~L— 500 year flood
e _
T 3.4m
i 2.2 m. Jy
— T oSmwear |
Varies

Y
I

Class B rock

*
O 2m Rock Filter

(Reject rock from Class B
quarry Dsg ~150mm)

CROSS SECTION Y-Y

|

V

A Drop wier apron extends up

O. 3m Gravel Filter walls of canal. Between apron
(Where required) and following weir class B

reject extends up wall.

SCALE: [:100 Horizontal and Vertical

Weir

Flow

PROPOSED DROP WEIR SYSTEM

FIGURE 7-3
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ELEVATION ( METRES)

— 1080

- 1075

— 1070

- 1065

- 1060

- 1055

- 1050

-1045

~ 1040

2)
3)

4)

LEGEND:

."t-:'3

%

A

-

All placed materials to be compacted in an unfrozen state to |00 percent

Standard Proctor maximum density except the secondary blanket which
is to be compacted to the satisfaction of the Resident Engineer. All till core
materials to be compacted at Standard Proctor optimum moisture content.

Net width of primary and secondary blankets to be 90 m minimum.

The entire foundation area of the embankment to be cleaned of organic materials,
loose or coarse alluvium and ice rich material to the satisfaction of the

' Resident Engineer.

This drawing to be read in conjunction with the text of Golder Associates'
Final Design Report.

Sand

' Sand & Gravel

;‘Glocial Till core class A

| Glacial Till core class B

. Glacial Till waste class C

2m min.

Secondary Blanket

Proposed Pond Elevation 1063.5 m
T ,

UPSTREAM - DOWNSTREAM

DAM

Cobbles and boulders tfo be
windrowed to surface

je—6m —
-4 m—s]
=

Design Elevation 1065 m

Type I

0.8 m allowance for settlement after construction

|
| constructed

/ <—Configuration to be
Shell | ' |

4

Primary Blanket

v

Cutoff trench to be excavated a minimum
of 3m below centreline ground elevation

90 80 70 60

o (i.e.to EI.1044.5m )
Scale 1:200 horizontal and vertical

10 o - 10 20

i 1 1 |

40 : 50 60

DISTANCE FROM ¢ (METRES)

Golder Associates

PROPOSED TYPICAL CROSS VALLEY DAM CROSS-SECTION | FIGURE 7-6
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P 1055w
Existing Rose Creek
(Location varies)
1050
LExisting Natural Ground Surface
104 5
Seepage Collection Ditch ~
(to be excavated to minimum 2m below ground surface
in valley bottom , approx.400 m long )
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Date
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ELEVATION (METRES)

| | |
| EProposedq_Uh‘imote Dam | PROPOSED TYPICAL INTERMEDIATE DAM FlcRE
1 - Proposed Stage I Dam 1 1 CROSS - SECTION IN ROSE CREEK VICINITY
- 1085 NOTE : |) All placed materials to be compactefd in an unfrozen state to 100 percent e q:_ | l
Standard Proctor maximum densi'fy.1l All till core materials to be compacted |
at Standard Proctor optimum moisture content. /)/ ~
{ P 1 . / “ \ . .
2) This drawing to be read in conjunction with the text of Golder Associates L | \\ 1080~
1080 Final Design Report. | UPSTREAM P | S DOWNSTREAM
| ‘ il | \\
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#/ Core Subexcavated at least 3m Foundation area of the embankment to be cleared of all organic or loose material,
’ Vbelow ground surface volcanic ash or frozen soil to the satisfaction of the Resident Engineer
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ELEVATION ( METRES)

1085

- 1080

- 1075

1070

- 1065

- 1060

~ 1055

—1050

-1045

-1040
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Approx. Creek Elevation

S
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Proposed Pond EI.1066.5 m

¥

T~ Existing Ground Surface

Minimum Limit of Borrow Pit Excavation to

allow Upstream Core Placement to just below water table.
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| Q Q
| ‘ Proposed Stage I Dam . EL1083m \ | Pragposed Ultimate Dam
| S
| ! -~ ’ S
; ‘ o San
ol | o
UPSTREAM = | L DOWNSTREAM
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ﬂ//; N
~ 1 \
// S
A a8
/ \
ol e
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e

NOTE: 1)

2)

LEGEND:

Scale 1:200 Horizontal and vertical
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| | | | I i 1

‘x : Shell Type Il
Terrace Surface cleared of all organic or loose material and volcanic ash

|

All placed materials to be compacted in an unfrozen state
to 100 percent Standard Proctor maximum density. All till
core materials to be compacted at Standard Proctor optimum
moisture content. All cleared surfaces to be scarified and

proofrolled prior to placement of fill. |

This drawing to be read in conjunction with the text of
Golder Associates' Final Design Report .

;
|

Sand & Gravel

Glacial Till core class A I

50 60 70 |
! 1 1

PROPOSED TYPICAL

INTERMEDIATE DAM

DIS;TANCE FROM STAGE I CENTRELINE (m )

Golder Associates

Date _May 1980

CROSS-SECTION IN TERRACE AREA FIGURE 7 -8
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(m)

Elevation

1067

1065

1063

1061

1059

1057

1055

1053

1051

UPSTREAM

Proposed Pond |
Elevation 1063.5 \Vi |

!

Shell Type I

- : | ' :
Transition filter rock/gravel ( Waste rock from Class B quarry )

¢
DAM
|
'l
Dam crest elevation 1065 i i
T R minimum thickness| 0.6 m
Cobbles and Boulders / Elevation 1063.5 |

.5m /Closs B rock
r‘—

J

10 0 10 7 K80

| 1 ] 1 1} i ]

DOWNSTREAM

Cobbles > 150 mm

Ground Surface

Rose Creek

-

K Ground

surface cleaned of all organic or loose material and volcanic

D
e

Distance from Dam Centerline (m) r

Scale : I - 200 Horizontal
I = 100 Vertical ( Vertical exaggeration 2x)

1065

1063

106l

1059

1©5iG

1055

1053

1051

PROPOSED EMERGENCY SPILLWAY PROFILE FIGURE 7-9

(m)

Elevation

NOTES: 1) No settlement considerations made in selection of spillway
elevations .

2) Spillway shown is for Cross Valley Dam ( For location of
spillway see Figure 7-1). Intermediate Dam to be similar
in construction except all elevations must be increased by
3 meters.

3) For Cross - section of spillway see Figure 7-10

4) All placed materials to be compacted where possible
according to dam specifications. Rip-rap to be intermeshed
as much as possible .

5) This drawing is to be read in conjunction with the text of
Golder Associates, Final Design Report.
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Sand

Sand & Gravel

Glacial Till core class A
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Elevation (m)

-1070

- 1068

1066

-1064

-1062

—1060

—1038

-1056

- 1034

- 1052

‘Dam Crest EIl 1065 m—;

[.5
Proposed Pond |

S0 @%%00@80

Top of Emergency Spillway El 1063.5m
= ElL 1063.5
Class{ B rock ~ 2 - 0E3.5m El 10635 m
Y 0 =
00%@00 [m (typ.)
.D‘G.QQ QO’BQ
500
000"00_0 220 0.6 m.(typ.)

PROPOSED EMERGENCY SPILLWAY

Dam Embankment

Rock Filter (Dso ~130 mm, waste rock from Class B quarry)

Notes:

Existing Ground Surface to be cleared
according to Dam Foundation Preparation Specifications

|. No settlement considerations made in selection of spillway elevations

2.Spillway shown 1s for Cross Valley Dam (for location see Figure 7-1) Intermediate Dam to be sin
all elevations must be increased by 3m.

3.For Profile of Spillway see Figure 7-9

4. All placed materials to be compacted where possible according to dam specifications. Riprap to be inte
much as possibe

5. This drawing to be read in conjunction with the text of Golder Associates Final Design Report

Distance (m)

Scale: OO Homizemtal and Vertical

CROSS-SECTION AT CREST FIGURE 7-10
1070
Natural Ground Surface
/ 1068
I 0o 065, (066
,o.obo: 2?0:%%
1064
0.3m thick gravel filter required =
adjacent to fine grained abutment IGaE= E
=
materials or permafrost. e
o
Dam Abutment 10604 L%
1058
wilar in construction except
1056~
rmeshed ds
1054
1052 -
610 70
J
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Elevation (m)

PROPOSED DIVERSION

DAM CROSS-SECTION FIGURE 7-Ii

9.4 m. ‘
Dam
Upstream ¢ Downstream
= / Elevation to be determined in the fieid (Approx.1089.8m)
I | ' Erosion protection to accommodate overflow
—1090 —2—500 yr. flood __Sand and gravel transitior
50 yr flood
s 2 Elevation to achieve total low level diversion
] = Low flow (Approx.1086.8)
1 Poce Hily Erosion Protection
o A e v ds required —
' 5 | =
Sand and gravel shell K / n — Z \gg%caggo%
— 1080 Angles of repose ’ Approximate base of existing
(Est) diversion channel
- |O7O T T T T T T T T 2 T
25 20 15 10 2 0 5 1O = 20 25 30

Distance from Centreline (m)

Golder Associates

Notes:

|. Materials placed above water level to be compacted as
per dam specifications for fill placement.

2.For location of Diversion Dam see Figure 7-1

3. Dam foundation to be cleaned of all loose recent
dlluvium and organic materidls.

4. Final design cross-section to be determined in the field

5. This drawing to be read in conjunction with text of Golder
Associates final design report.

Scale :  1:200 Horizontal and Vertical
Drawn b,
Rev'd o LA
Date May, /P EO
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PROJECT QUANTITIES SUMMARY

(i)

(ii)

(iid)

(iv)

(v)

Diversion Canal

Excavation Overburden:
Rock:
Stripping Beneath Dyke:

Gravel Lining:

Ersion Lining Class A Rock:

Till Lining:

Outfall Rock Class B:
outfall Filter Rock and Lining:

Cross—-Valley Dam

Class "A"
Class "B"
Class "C"

Sand Zone

650,000

55,000

m3

m3

5,000 to 10,000 m3

172,000 to 185,000 m3

37,000
16,000
30,000
17,000

Core (good quality till)
Core (poor quality till)
Core (canal waste excavaton)

sand and Gravel Filter

Shell Type I
Shell Type IT

1

m3

to 26,000 m3

m3
m3

86,000
37,000
63,000
40,000
64,000
75,000
13,000

Foundation Subexcavation (fill included) 89,000

Intermediate Dam

Core (good quality till)

Shell Type I
Shell Type II
Foundation
Sand Zone

2

Subexcavation

Sand and Gravel Filter
Foundation Raising (included in Shell

Emergency Spillways

Type II) 1

56,000
34,000
07,000
53,000
11,000
30,000

30,000

Cross Valley Dam

88834398
WWWWwwww

88 8388
Wwwwww

|

Intermediate Dam

Sand and Gravel Abutment Fill:
Rock Crest Weir Class B:

Rock Filter

Decant Rock lining:

Diversion Dam

Total Fill:

10,000 m3
1,000 m3
500 m3

not computed

8500 m3 consisting of
1900 m3 Rock Fill

4200 m3 sand and Gravel
2500 m3 pill

Golder Associates

2200 m3
1000 m3
500 mS



(vi) North valley Wall Interceptor

Excavation:
Gravel Lining at North Abutment:
Diversion Fills:

(vii) *Retention Pond Storage:

(viii) *Tailings Volume Storage Stage I
(assuming 2 percent spigotted slopes)

Ultimate Tailings Volume Storage

Golder Associates

60,000 m3
16,000 m>
2,000 m3
1.4 x 10% m3

11 x 106 @3

20 x 106 m3



LIST OF ABBREVIATIONS

The abbreviations commonly employed on each “Record of Borehole,” on the figures and in the text

of the report, are as follows:

1. SAMPLE TYPES

AS auger sample

CS chunk sample

DO drive open

DS Denison type sample
ES foil sample

RC rock core

ST slotted tube

TO thin-walled, open
TP thin-walled, piston
WS wash sample

II. PENETRATION RESISTANCES

Dynamic Penetration Resistance: The number
of blows by a 140-pound hammer dropped 30
inches required to drive a 2-inch diameter,
60 degree cone one foot, where the cone is
attached to ‘A’ size drill rods and casing is not
used.

Standard Penetration Resistance, N: The num-
ber of blows by a 140-pound hammer dropped
30 inches required to drive a 2-inch drive open
sampler one foot.

WH sampler advanced by static weight—
weight, hammer

PH sampler advanced by pressure—pressure,
hydraulic

PM sampler advanced by pressure—pressure,
manual

NOTEs:

II1. SOIL DESCRIPTION

(a) Cohesionless Soils

Relative Density N, blows/ft.
Very loose Oto 4
Loose 4t010
Compact 10 to 30
Dense 30 to 50
Very dense over 50

(b) Cohesive Soils

Consistency Cu, Ib./5q. fL.
Very soft Less than 250
Soft 250 to 500
Firm 500 to 1,000
Stiff 1,000 to 2,000
Very stiff 2,000 to 4,000
Hard over 4,000

IV. SOIL TESTS

consolidation test
hydrometer analysis
sieve analysis

c
H
M
MH combined analysis, sieve and hydrometer!
Q undrained triaxial?

R consolidated undrained triaxial?

S drained triaxial

U  unconfined compression

vV

field vane test

1Combined analyses when 5 to 95 per cent of the material passes the No. 200 sieve.
3Undrained triaxial tests in which pore pressures are measured are shown as @ or E.

Golder Associates



LIST OF SYMBOLS

I. GENERAL

r = 3.1416

e = base of natural logarithms 2.7183

log, a or In @, natural logarithm of a

logiga or log a, logarithm of @ to base 10
time

acceleration due to gravity

volume

weight

moment

factor of safety

e AT T

II. STRESS AND STRAIN

u pore pressure

o normal stress

o' normal effective stress (¢ is also used)

T shear stress

€ linear strain

¢y  shear strain

v Poisson's ratio (u is also used)

E  modulus of linear deformation (Young's
modulus)

G modulus of shear deformation

K  modulus of compressibility

7 coefficient of viscosity

1II. SOIL PROPERTIES
(a) Unit weight

Y unit weight of soil (bulk density)

v, unit weight of solid particles

Y«  unit weight of water

va unit dry weight of soil (dry density)

v unit weight of submerged soil

G, specific gravity of solid particles G;=v,/v,
e void ratio

n porosity

w water content

S;  degree of saturation

(b) Consistency

W
Wp
Ip
Ws
I,
I
Cmax

€min

D,

liquid limit

plastic limit

plasticity index

shrinkage limit

liquidity index = (w — wp)/Ip
consistency index = (w; — w)/Ip

void ratio in loosest state

void ratio in densest state

relative density = (€max — €)/(€max — €mmn)

(c) Permeability

k\.a..s.:euq;_

hydraulic head or potential
rate of discharge

velocity of flow

hydraulic gradient

coefficient of permeability
seepage force per unit volume

(d) Consolidation (one-dimensional)

m,

coefficient of volume change
= —Aef(1+e)Ad’
compression index = —Ae/ A logye o’
coefficient of consolidation
time factor = ¢,t/d? (d, drainage path)

degree of consolidation

(e) Shear strength

Sy

shear strength

effective cohesion
intercept in terms of effective
stress

1, =¢ + o tan ¢’

effective angle of ¢
shearing resist-
ance, or friction |

apparent cohesion®

apparent angle of
shearing resist-
ance, orfriction )

>in terms of total stress
Ty = Cy + o tan ¢,

coefficient of friction
sensitivity

*For the case of a saturated cohesive soil, ¢, = 0 and the undrained shear strength 7, = ¢, is taken

as half the undrained compressive strength.
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ROSE CREEK BELOW FARO CREEK - STATION No. 9BC-3

25

Location: Lat, 62° 20' 30", long. 133° 24" 30", (revised), Yukon Territory, approximately one thousand feet below Faro Creek and

forty-five miles west-northwest of Ross River P.O.

Gauge: Manual.
Period of Record: Mainly continuous, August and September 1966 and December 1966 to September 1967.

Extremes Recorded: Maximum daily discharge, 1,150 cfs on May 31, 1967. Minimum daily discharge, 6.1 cfs on

March 10, 1967,
Records fair.

Remarks:

Daily Discharge in Cubic Feet per Second for the 1967 Water Year

Oct. Nov. Dec. Jan. Feb. March April May June July Aug. Sept.
& = 5 - = - - = 1,070 105 108 41.0
- - - - - - - - 810 99.0 93.0 38.2
- - - - - - - - 616 155 87.8 79.4
- - - - - - 6.3b - 732 110 82.5 60.5
& - - - - - - - 801 129 77.2 59.5
- - 12.3b - - - - - 783 121 77.2 62.6
- = - - - - - - 512 100 78.3 68.8
- - 12.4b - - - - - 323 90.9 82.5 78.3
= - - - = - - - 334 90.9 77.2 93.0
= = = - - 6.1b - - 591 105 77.2 79.4
- - - - - - - - 543 95.4 74.1 71.0
- - - - - - - - 292 115 71.2 79.4
- e - - - - - - 246 93.0 71.0 71.0
= . - - - - - - 292 94.2 68.8 68.8
= - - - - - - - 431 135 64.6 72.0
- - - - - - - - 467 115 61.5 73.0
< - - - - - - - 414 110 59.5 71.0
= - - - - - - - 467 105 59.5 717.2
= - - - - - - - 337 105 61.5 80.4
= - - - - - - - 273 82.5 53.5 72.0
- - - - - - - - 278 101 46.8 69.9
- = - - - - - - 204 72.0 51.5 66.8
- - - - - - - - 200 80.4 53.5 67.8
= - - - - - - - 180 86.7 45.8 66.8
= - - - - - - - 169 82.5 42.0 64.6
- - - - - - - - 196 86.7 42.0 61.5
- - - - - - - - 202 82.5 36.3 51.5
- - - - - - - 792 200 83.6 32.5 61.5
2 = - - - - - 595 163 105 34.4 59.5
= = - - - - - 1,110 121 173 36.3 57.5
= - - - - - - 1,150 - 163 34.4 o
- - - - - - - - 12,247 | 3,272.3 | 1,947.6 | 2,023.9

Mean = > “ E - - - - 408 106 62.8 67.5
Acre-feet - - & - 2 = - - 24,290 6,490 3,860 4,010
For the Period..... . Maximum daily discharge, 1,150 c¢fs on May 31

b - Ice conditions.

SOURCE :

Water Suryey of Canada

Minimum daily discharge, 6.1 c¢fs on March 10




ROSE CREEK BELOW FARO CREEK - STATION No. 9BC-3 25

Location: Lat. 62° 20' 00", long. 133° 24' 00", Yukon Territory, approximately one thousand feet below Faro Creek, and forty-five
miles west-northwest of Ross River P.O.

Gauge: Manual.

Period of Record: August and September 1966.

Extremes Recorded: Maximum daily discharge, 45.2 cfs on September 6, 1966. Minimum daily discharge, 34.0 cfg at various
times in 1966.

Remarka: Records fair.

Daily Discharge in Cubic Feet per Second for the 1966 Water Year
Oct. Nov. Dec. Jan. Feb. March April May June July Aug. Sept,
. 2 = & = - . s " - = 34.0
= - - - - - - - - - - 36.0
p - - - - - - - - - - 38.4
- & - - - - - - - - - 40.2
% = - - - - - - - - - 41.4
- = - - - - - - - - - 45.2
- - - - - - - - - - - 43.6
- - - - - - - - - - - 40.8
" - - - - - - - - - - 38.4
- - - - - - - - - - - 38.4
» - - - - - - - - - - 36.6
. - - N - . g = - x 44.4 35.6
- - - - - - - - - - 42.0 35.2
- - - - - - - - - - 41.4 36.0
- - - - - - - - - - 38.4 37.2
& - - - - - - - - - 39.6 37.2
= - - - - - - - - - 41.4 37.2
~ - - - - - - - - - 42.0 36.0
S - = - % - - - - - - 39.0 36.0
L ER—— - - " = = = = = = 5 40.2 35.6
- - - - - - - - - - 42.0 35.2
& - - - - - - - - - 38.4 35.2
A - - - - - - - - - 38.4 37.8
- - S - - - - - - - 38.4 37.8
s - - - - - - - - - 38.4 36.0
= - - - - - - - - - 35.6 35.6
= Ll - - - a - - - - 35,2 35.2
= - b - - “ - - - - 35.2 34.0
- - - = - - - - - - 34.4 34.0
< — - - = = 5 4 = - % = 34.0 34.8
3leccrencnns = 4 . = ry = - - . x E 34.0 =
Total - . - ] L » - - . i = = 1,114.6
Mean - - o - - - - - - - - 37.2
Acre-feet - =4 - - - - - = = - - 2,210

For the Period...... Maximum daily discharge, 45.2 cfs on September 6
Minimum daily discharge, 34.0 cfs at various times

SOURCE: Water Survey of Canada




ROSE CREEK BELOW FARO CREEK - STATION No. 09BC003 25

Location: Lat, 62° 20' 30", long. 133° 24' 30", Yukon Territory, approximately one thousand feet below Faro Creek and forty-five
miles west-northwest of Ross River P.O.

Gauge: Manpual, A
is‘c—ngﬁ of Record: Mainly continuous, August and September 1966 and December 1966 to December 1968.
Extremes Recorded: Maximum daily discharge, 1,150 cfs on May 31, 1967.
Minimum daily discharge, 6.1 cfs on March 10, 1967.
Remarks: Records fair. Since October 4, 1968, flows have been affected by dam on south fork of Rose Creek,

Daily Discharges in Cubic Feet per Second for the Period October to December 1967

Day Oct, Nov. Dec. Oct. Nov. Dec. Day Oct. Nov. Dec.
56.5 23.9 18.2 49.6 22.3 14,2 21... cs  30.7 20.3 14.0
55,5 23.7 18.1 49.6 22,1 16.0 £ ue 27.1 20.1 13.8
42.0 23,5 17.9 46.8 219 15.8 23... 26.8 19.9 13.6
42.0 23.3 177 40.1 21.7 15.6 24... 26.5 19.7 13.4
40.1 23,2 17.4 40.1 21.5 15.2 25 26.0 19.5 13.1
41.0 23.1 17.2 41.0 21.3 15,0 26 25,7 19.3 13.0
40.1 23.0 17.0 40.1 21.1 14,8 y A7 SR 25.4 19.1 12.9
61.5 22.9 16.8 32.5 20.9 14.6 28... 25.1 18.9 12.8
40.1 22.7 16,6 32.5 20.7 14.4 29... 24.8 189 12.6
42.0 22,5 16.4 32.5 20.5 14.2 30... 24.5 18.9 12.3
31 24.0 - 12.0
Ice conditions October 22 to December 31, 1,152.2 640.4 468.6
Mean 37.2 21.3 15.1
Acre-feet 2,290 1,270 929

Daily Discharges in Cubic Feet per Second for the Year 1968

Jan Feb March April May June July Aug. Sept. Oct. Nov, Dec,
11.8 8.0 7.1 i 12.4 212E 152 261 218 115 36.5 28.0
1.8 79 7T 71 B35 230E | 139 316 280 T 36.T. 277
11.4 7.8 7.1 7.1 14,5 205 E 133 316 229 90.0 35.7 27.4
11.2 7.7 7.1 7.2 16.0 185 E 114 351 253 70.0 35.3 27.0
11.0 7.7 7.1 7.2 17.5 181 198 236 241 57.0 35.0 26.5
10.9 7.6 7.1 7.2 19.5 185 E 548 170 E 218 54.0 34,7 26.2
10.8 7.5 7.1 7.2 22,0 190 E 372 133 174 53.0 34.4 25.9
10.7 1.4 7.1 7.3 27.0 204 E 211 115 196 47.1 34.1 25.6
10.6 7.4 7.1 7.3 32.0E 220E 178 106 210E 46.0 33.8 25.3
10.4 7.4 74 73 35.8 250E 168 97.0 220E 45.0 33,8 25.0
10.3 7.4 7.1 7.3 44.0E 236E 159 88.0E 234 44.0 33,6 24.6
10.2 7.3 7.1 7.4 52.0E 228 E 140 84.0E 227 43.0 33.4 24.2
10.0 7.3 7.1 7.4 60.0E 213 170 83.0 211 42.0 33.0 23.8
9.8 7.2 Tl 7.5 64.0E 201 150 80.6 198 42,0 32.8 23.4
9.7 1.2 7.1 7.6 68.0E 190E 160 8.2 181 42.0 «32.5 23.0
9.6 T.2 7.1 7.7 70.0E 210E 150 84.0E 202 42.0 32.3 22.2
9.5 1.2 7.1 7.8 74.6 220E 150 90.0E 200 42.0 32.1 22.4
9.4 7.1 7.1 7.9 +52.0 240E 176 96.0E 200 41.0 31.9 22.1
5.2 7. 7.1 8.0 220 E 260E 166 100 E 198 41.0 31.7 21.8
9.0 7.1 7.1 8.2 270 E 295 E 160 108 183 40.0 31.5 21.5
8.9 71 7.1 8.5 330 E 302 140 106 168 39.5 31.2 21.1
8.8 7.1 7.1 8.8 390 E 274 129 105 168 39,0 30.9 20.7
8.7 7.1 7.1 9.0 440 236 131 97.0 160 38.5 30.6 20.3
8.6 7.1 7.1 9.2 348 220E 114 148 156 38.0 30.3 19.9
8.5 7.1 7.1 9.5 300 E 206 E 114 148 148 38.0 30.0 19.5
8.5 7.1 7.1 10.0 280 E 200E 106 158 146 38.0 29.3 19.0
8.4 7.0 7.1 10.5 260 E 194 E 98.5 168 139 38.0 29.2 18.5
8.3 7.0 7.1 11.0 230 E 185E 98.5 168 142 37.5 29.1 18.0
8.2 7.0 7.1 11.5 215 E 178 84.4 168 131 37.0 28.8 17.5
8.1 - 7.1 11.9 210 E 160 E 91.4 180 E 122 37.0 28.5 17.0
T - 7.1 = 205 E — 114 198 E| = 37.0 = 16.5
Total 300.2 212.1 220.1 248.7 4,392.8-| 6,510 5,014.8 | 4,636.8 5,753 1,524.6 972.1 701.6
Mean 9.7 7.3 7.1 8.3 142 217 162 150 192 49.2 32.4 22.6
Acre-feet 595 421 437 493 8,710 12,900 9,950 9,200 11,400 3,020 1,930 1,390
For the Year 1968...... Maximum daily discharge, 548 cfs on July 6
Minimum daily discharge, 7.0 cfs, February 27 to 29
Mean discharge, 83,3 cfe
Total discharge, 60,400 ac-ft
Ice conditions January 1 to May 8 and October 5 to December 31, E - Estimated,

SOURCE: Water Survey of Canada
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TOTAL

12773
A-MANUAL GAUGE
B-ICE CONDITIONS
E-ESTIMATED
NATURAL FLOW

133800 50791 13688

128150
2800 SQ MILES

61 59 40 N

LONG 132 22 40 W

121890
8580
281000
11600
19810
TYPE OF GAUGE - RECORDING

LOCATION ~ LAT
DRAINAGE AREA

156120
5200
310000
8980
1980

115230

8720
11600 CFS ON JUL 15

177 CFS ON MAR 22

5551
1540000 AC-FT

2130 CFs

5131

Water Survey of Canada

MAXIHMUM DAILY DISCHARGE,
MINIMUHM DAILY DISCHARGE,

MEAN DISCHARGE,
TOTAL DISCHARGE,

6942

SUMMARY FOR THE YEAR 1969

TOTAL
SOURCE




HONTHLY AND ANNUAL HEAN DISCHARGES IN

ROSE CREEX BELOW FARO CREEK

- STATION NO. 093C003

FEET PER SECOND FOR THE PERIOD OF RECORD

cuBIC
JuL AUG SEP
~—= -=- 37.2
106 62.8 67.5
162 150 192
90.2 - -
119 106 98.9

ROSE CREEK BELOW FARO CREEK - STATION NO. 09BCO0OO3

oCcT

37.2
49.2

83.2

NOov

21.3
32.4

26.9

DEC

1551
22.6

18.9

ANNUAL EXTREMES OF DISCHARGE IN CFS AND ANNUAL TOTAL DISCHARGE IN AC-FT FOR THE PERIOD OF RECORD

MAXIMUM DAILY DISCHARGE

1150 CFS ON MAY
588 CFS ON JUL

YEAR JAN FEB MAR APR MAY JUN
1966 -— — —— ~— A== -
1967 - = — — —== 508
1968 9.7 7.3 7.1 8.3 182 217
1969 10.5 7.8 7.0 8.9 90.6 133
MEAN 0.1 7.5 7.3 8.6 16 253

LOCATION - LAT 62 20 30 N

LONG 133 28 30 W REGULATED

YEAR MAXIMUM INSTANTANEOUS DISCHARGE
1966 - -—-
1967 -
1968 ---
1969 —

354 CFS ON JUN

e - EXTREME RECORDED FOR

MINIMUM DAILY DISCHARGE

31 e 6.1 CFS ON MAR 10 o
6 7.0 CFS ON FEB 27
10 7.3 CFS ON MAR 21

THE PERIOD OF RECORD

60800

60800

MEAN

83.3

83.3

TOTAL DISCHARGE

AC-FT

AC-FT

SOURCE :

Water

Survey of Canada

YEAR
1966
1967
1968
1969

MEAN

YEAR
1966
1967
1968
1969

KEAM
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Supplementary Climatic Data for
Faro, Yukon and Anvil, Yukon Stations

Golder Associates



63-221¢(

___FARO, YUKON LAT 62° 14'N LONG 133° 20' W ELEV 2380
- JAN. | FEB. | MAR. |APRIL| MAY [ JUNE| JULY| AUG. [SEPT.| OCT. | NOV. | DEC. || YEAR
— 59-73 calf
Temperaftures| in degree$ Celgius f
L' Snowfalll in fentipetres
ul R4infalll and| totall pre¢ipitdtion [in milllimetres
|
TEMPERATURES |
Meén Daily -26.7+15.4]|-9.7| 0.3 7.8 | 13.6] 15.4[ 12.7| 7.0(-1.9 —15.5—20 § -2.8
Mean Daily Max 4 21.2[-9.4|-3.2] 6.2 14.3 19.8 21.6/ 18.3|13.2| 2.1 —11.4—16.# 2.8
Mean Daily Min [+32.1421.4416.2|-5.7(1.5{7.3(9.1 7.2 [0.8 |-5.9 —lQ.G—Zé.g— 8.3
Extreme Max 7.2 111,10812,8121.1)26.7 |35.0 135.0 ‘32.2 26.7]18.3(12.8| 4.4]|35.0
DATE/YEAR {
No' of Years
- Extreme Min -56.7-53.9+42.84+28.9412.2 (-3.9 [-1.1 3.9 }12.2+28.9+442.8(-51.1 -56.}§
Date/Year L ..
No of years ' | I | h
Precipitation |
Mean Rainfall TR TR/ 0.8 | 0.8 19.3 | 35.1 40.6 34.5 32.3|11.4| 1.3| TR (|176.0
Mean Snowfall |[[30.5|16.5/17.8 8.1| 6.4| NIL| NIL| NIL | 2.5 |15.2( 24.1 19.0 1&0.&
Mean Ttl Pcpn [|30.5| 16.5( 18.5| 8.9 25.7(35.1(40.6 [34.5 [34.8 P6.7 |25.4|19.3 316.4‘
No days with |
Measurable PCPI
|
i I
- 3 i :
| | : i




-

63-2210
ANVIL YUKON Lat. 62°2'N Long. 133°23'W Elevation 33090

JAN. | FEB. | MAR. |APRIL| MAY | JUNE| JULY| AUG. |SEPT.| OCT. | NOV.| DEC. || YEAR
I
__59-73 calec.
! /
Temperatfure in degrees Lelsips
l Précipitatiod in nfillimeters| except snowfall whigh is [in centimetiers.
Temperature
Mean Daily} ~20.8 —14.3-11.4-3.9 3.6 | 10.6011.1 | 9.6 [3.9 [-3.1]-12.3-17.§ -3.7
Mean Max. ! -15.9+8.4 |-5.6| 1.8| 9.1 | 17.2/ 16.9[14.7|8.6 1.7 |-7.7|-12.§ 1.7
Mean Min. 25.94+20.3(-17.1 -8.6 -1.9 4.2 $.9 2.8 |-0.7| -7.8-17.1-22.9 -9.2
Extreme Max. 1.7 |9.4 |5.0 [11.1(20.0 |29.4 25.0 P6.1 |20.0|14.4| 11.1 3.3((29.4
b |2z | 1| 18] o |13 |2z [ L2 [2&]|_2]| 24
Date/Year 7T 68 68| 70|72 |69 |71 71| 72 | 69 | 70 7(
# Years record|| 6| 6| 6|6 5 s| s 5| 5 5 6| 5

v

Extreme Min. |-46.1143.3141.1}25.6411.7 |-2.87| -2.86.7 {13.3723.3439.4-43.9 -46.1

25 |3 [ [L | 8] | L[ Z| 2B [z [30|12]
Date/Year 72 68 | 72 | 72 72 69| 70 69 72| 71 70| 71/76
# yrs. record 6 6 6 6| 5 5 5 5 5 5 6 5

Precipitation

Mean Rainfall || N1l |Nil |N{i1 |1.0 [9.7 [43.2 | 56.650.3 | 34.5| 3.1| TR |Nil 198.¢1

Mean Snmowfall || 27.9(21.1|24.1|11.9(22.4| 2.5 Ni1 | 4.1 |8.1 32.é 36.9 19.i 211.ﬁ

}i

Mean Precipitatl.27.9|21.1/24.1(13.0|32.01(45.7(56.6 |54.4 | 42.7(35.8 56{6 19.8i409.7

£ days Msrbl pdon 9 | 8 9 |7 9 8 17 | 14 13 12 14| 11 | 131




Test Pit and Borehole Information

Contents

General Description of Logging Format
Record of Borehole Sheets -
Boreholes Nos. 1 to 42 incl.

46 to 52 incl.

Record of Test Pit Sheets Other Than Along Diversion Canal
Test Pit No. 1 to 20 incl.

23 to 25 incl.

Record of Test Pit Sheets Along Diversion Canal
Test Pit No. 79-22 [0-060 to 0-80]
Chainage Test Pit 0+030 to 0+060

0+180 to 1+210
0+360 to 0+390
0+545 to 0+575
0+750 to 0+770
0+890 to 0+920
1+080 to 1+220
14380 to 1+400
1+665 to 1+700

Test Pit No. 79-21 [1+900 to 1+930]
Chainage Test Pit 2+155 to 2+180
2+500 to 24530

24890 to 2+930
3+150 to 3+175

Golder Associates



GENERAL DESCRIPTION OF LOGGING FORMAT

The record of test pit and borehole sheets are presented in this
Appendix as a documentation of field and laboratory observations and
testing. The pertinent information on the logs should be considered in
light of List of Abbreviations and the List of Symbols and with the fol-

lowing in mind:

(i) ELEV/DEPTH - The depths observed during drilling of a borehole or
excavation of a test pit are recorded. Borehole depths are estimated
by penetration of the drilling rods. Test pit depths are estimated
by measuring down a slope face and correcting for slope inclination
where possible. For test pits in sloping ground the uphill cut face
has usually been logged and depth in such instances does not reflect
depth at the center of the test pit. The coordinates of the bore-
holes and test pits shown in the location heading of the logs were
determined by stadia and/or EDM survey methods. Test pit coordinates

are the average of the pit end coordinates.

(ii) DESCRIPTION - The field description of the material is stated as
completely as possible with respect to geological origin, material
composition and gradation. It is noted that, as the project devel-
oped, familiarity with the stratigraphy and laboratory test results
permitted more standardized classification of the materials in inves-

tigations subsequent to the initial July-August investigation.

(iii) STRATIGRAPHIC PLOT - An office classification of the materials is
made, based on both field and laboratory data. The legend for this

stratigraphic plot is shown below.

LEGEND
Fill Gravel o L or
3 \\\\\ Colluvium

= e ) : ] Sand & Gravel iz =00
5. = Organics & Debris 4 (Alluvium) ;1\ Lz“"\ Bedrock

g Organic Silt Sand

” :| Volcanic Ash Silt
569:U2 Boulders & Cobbl
0N G ers obbles Clay

Golder Associates



(iv)

(v)

(vi)

(vii)

(viii)

(ix)

SAMPLE TYPE - CS - chunk sample
DO - driven open
TO - shelby tube

SAMPLE NUMBER - Consecutive numbering of all samples whether

recovered or not.

BLOWS/FT - The number of blows of a 63.5 kg hammer dropped 76.2 cm
required to drive a 75 mm or 50 mm dia. split steel tube a distance

of 30 cm (Standard Penetration Test) .

WATER CONTENT PERCENT -~ The weight of water in the soil expressed as

a percentage of dry soil weight.

PIEZOMETER OR STANDPIPE INSTALLATION - All details pertinent to

groundwater are recorded.

LABORATORY DATA - The laboratory data is presented adjacent to the

samples for which it was obtained. The data includes:

- gradation, symbols as follows:
Cbl - cobble

The percentage of each G - gravel

soil component is indicated S - sand
M - silt
C - clay

- organic content - weight of organics expressed as a percentage

of air dry weight.
- unit weight expressed in kg/m3 obtained by standard

procedures or, for frozen samples, obtained by measured weight

and volume measured by displacement of antifreeze.

Golder Associates



permeability expressed in cm/sec and determined
a) in the field by falling or rising head permeability tests
b) in the laboratory by compacting minus 20 mm material at

field moisture content with Standard Proctor effort.
strength testing is noted but presented in Appendix VI.
other testing results or indication of testing for specific
gravity, Standard Proctor Density, consolidation, and thaw
consolidation parameters are indicated where appropriate.
other data including details of water sample locations

analyzed by Cyprus Anvil and estimated flow rates from air

rotary'advanced boreholes are noted on the logs.

Golder Associates



RECORD OF BOREHOLE SHEETS

Borehole Nos. 1 to 41 incl.
46 to 52 incl.

Golder Associates



TRE-2025

No.

Project

RECORD OF BOREHOLE 79-/
232085 N ; 12232 E

LOCATION (See Figure 3 ) BORING DATE Ju/g z7, /979
BOREHOLE TYPE Rotarey BOREHOLE DIAMETER /20 rrim
SAMPLER HAMMER WEIGHT 63.5 kg DROP 76.2cm DATUM Groupnda Surfoce
SoIL PROFILE PIEZOMETER
" OR
o ("1}
2| B STANDPIPE
~|2l¥|6| @ e i ; : INSTALL ATION
LELEM. | DESCRIPTION El2|F|Q] =
DEPTH : dul=] WATER CONTENT PERCENT | ADDITIONAL
(™) Elala|s] $ w:__vé____:v'- LAB. TESTING
||z (9| ©
blal&| @ w
Frtl
104938 | Fill Surface surface )
S Gravel [ Fiil) i
/028 38YAllovivrm , browr medivm WL . Z W f
78 fo coarse Sand , some - 275épf79'7 7if
fine #o medivm gravel, Dol|3/ z19
occ. bedrock cobbles di%
and boulders - compact %1’
fo dense. 54 A1
Shattered bedrock Cement j/
bentorrite il
v (L A
b X7 g rouf—g dis
4%
/1
Mostly medivm to coarse - |29 /:
e 19mm PYCY
oe q
24 £ 2_ b
1%
;/
Shattered bedrock e lue /:
A
j/
103810 : gt
128 | Browr #o grey fine Sardyfss Peltonite Y
SILT , occ. pebbles, low |3 . lzo seal
plasticity ( 771/ -like Slotted
composition Z5mm FUC
Smooth drilling, véery v |28 pipe
few pebbles coarse
sandpack ™
- |72 :.:‘
. X
1032-92 Cove - n ":‘
/16.46 | “shattered bedrock — material .::":
>
1031-54-| Bedrock (black _schis?) (X
17.84 | Ena of Borelwle

. _ DRAWN _R2
T s Golder Associates B4 72/ igtkeo e




|
Ol

o

No. [

Project

RECORD OF BOREHOLE
2377-04 N ; 740-O6E

79—

LOCATION (See Figure 3 ) BORING DATE July 28, (979
BOREHOLE TYPE Kortary with air BOREHOLE DIAMETER /Z0 mm
Appcrox. /m belo,
SAMPLER HAMMER WEIGHT (35 4y DROP 745.7Cm DATUM naf‘ii‘a/ e SC::bee
SOIL PROFILE PIEZOMETER
- N OR
3 & 2 STANDPIPE
~l2(¥|6] @ . | ) . INSTALL ATION
ELEL 4 DESCRIPTION El2|F |8 2
DEPTH glolul~] 2 WATER CONTENT PERCENT | ADDITIONAL
ElZ|2lg] s i 4 W LAB. TESTING
6”) |2|2[S| W L
bla|d|a| w
12863\ Cleored Surface
0-00 - B > Wp -
Brown fo brown grey ey
fine sandy ST TILL, |S%
very scattered bouldesiSN
w< wp
1124-97
28| schisty BEDROCK
3.96 | Eng of Borefwle
VERTICAL SCALE Golder A iaf Bl 79-2 DCRAWN L
750 olaer ssociares /7. CHECKED D&




¥

No. ZZZ'

Project

RECORD OF BOREHOLE 79-3

2361-95N ; Bl4-80 E
LOCATION (See Figure 3 )

BORING DATE July Z8,B79

BOREHOLE TYPE Kofary writh oir BOREHOLE DIAMETER /20 rrirrm

Approx. O.6 m below
DATUM
SAMPLER HAMMER WEIGHT &3 54g. DROP 76.2 cwn el v s
SOIL PROFILE IS METER
OR
5 w
Zle I STANDPIPE
~|(2|8|c]| @ ' . g ; INSTALL ATION
ELEX: DESCRIPTION E|2|E|2] =
DEPTH 2 Y- WATER CONTENT PERCENT | ADDITIONAL
| W w W
Ela|a $| 3 . & e LAB. TESTING
(m) AR
132.94-| Cleored Suritace
o0
Browrr grey Fire
sandy silt TILL
\27.56|gHaord drilling (i .bfo’rock)\, R
518 | Eng of Borehole

VERTICAL SCALE

/50"

Golder Associates B4 79-3

DRAWN AL
CHECKED DG _




79z-2025

No.

Project

RECORD OF BOREHOLE 79 -4

2418-36 N; 833.67E
LOCATION (See Figure 3 ) BORING DATE Ju/y 28,1979

BOREHOLE TYPE  Sofary wilth our BOREHOLE DIAMETER /ZO rrim
Apporox. O3 bLelow

DATUM
B SAMPLER HAMMER WEIGHT 140 LB. DROP 30 IN. B oy e it S
SOIL PROFILE PIEZOMETER
= ” OR
° Y
3l 2 STANDPIPE
> @| E @ " ¢ i i INSTALL ATION
ELEV. s (2| )@
DEPTH BESCRIPTION g = ol E WATER CONTENT PERCENT | ADDITIONAL
(m) Elzlagl Lia " Wi LAB. TESTING
c|z|z|o| - W =4
i14o-25| Cleared Surface sl |a]| ®
00
Browr grey sarnoy
silt TILL with _
signiticant propor #onsky
and inclusions of
broken SChist Dagrockfsy
/3456
5,79
g A
Schist bedrock. N
orilling 1s easier and [i-)
cuttings are plostic |
al” qbov? dgepltr 7.9m o
1 \
::‘
I\ s
2
r::\
/l/'
N/
:\\,1
1131-21 e
QI End of Borehole
VERTICAL SCALE . _ 4 DRAWN _&.L
ERVICAL SEAL Golder Associates B+ 79-4 icexer D&

/50




792-2025

No.

Project

RECORD OF BOREHOLE 79-5

2439-06 N ; 14766 E
LOCATION (See Figure 3 )

BORING DATE July. 28, /979

NOTE

Borehole Had to be
obardoned duve fo
continuows cquin
of borehole wall

BOREHOLE TYPE Aofory with mud BOREHOLE DIAMETER  //4 mm
SAMPLER HAMMER WEIGHT &35 kg. DROP 74.2¢,, DATUM Ground Surface
SOIL PROFILE BIEZGWMETER
= OR
o w
2lE a STANDPIPE
~|2|¥|s| @ ) ) : ’ INSTALL ATION
ol DESCRIPTION 3 I e o
DEPTH Elolal=~1] 8 WATER CONTENT PERCENT | ADDITIONAL
=3 =T e ) < Wp w WL STIN
(m) tle|a| : : o 4 LAB. TESTING
Bla|S =] @
1077:37| Ground Surface
0.0 s
Sandy silt TILL N
ard  brokern rock SN s
q\\ a2
1074.32
: 0
305 71
‘ Frozen sandy silf TILL KRN "
ond  prokern rock, some [N w [P0 37|, 50fa// f1o7
coarse Sord aric/ e /{5 n atioris
grove/ pockels. | INSY
Egsier arillmg in vIcmity Ry
of 5.2 m depth. N
1065-17
12.2 | Endof Borekole

VERTICAL SCALE

DRAWN R

e Golder Associates B84 79-5  (icceken e




G.B. 102
PROJECT No..722-2025 ___
RECORD OF BOREHOLE 79 -o
1924-93 N; — 2674 E
LOCATION (See Figure 3 ) BORING DATE July Z29,/979 DATUM Groumd Surface
BOREHOLE TYPE Rortary with mud BOREHOLE DIAMETER /20 mm
SAMPLER HAMMER WEIGHT 63.54y. DROP 745.2 cm. PEN. TEST HAMMER WEIGHT - LB. DROP - INCHES
SOIL PROFILE SAMPLES | “ DYNAMIC PENETRATION RESISTANCE COEFFICIENT OF PERMEABILITY k, ©
5 - 3 BLOWS/FT. o o oac s CM./ SEC. 3 Z| PIEZOMETER
S = s o I R . ' 0 2. AT 2 g g)l OR
eLevn. Clulwls 2 et - | STANDPIPE
SHEAR STRENGTH C,, LB./SQ.FT WATER CONTENT, PERCENT =
oo e :‘;‘ g clg] 2 T il we w WL S 4| INSTALLATION
-1 2 = w - ) — q g
(m) [7p] 83} d v S 0
Ground
1050.0 | Ground Surface surtace y
0.0 |Gravel,cobtles |5 < [N
and boulders sqme: Z;V_Sié be il
ode3d Sand /0//0//0/77) : 5/} 73 P %
reé& \\ariable o Al
alluviurn )
- L
Oxidyzed Sondty |2:: " |10 g
and silty gravells:: P qll
compac? - S-zo %
AN +E - q
= V1 )
Oxiarzed silty 30 qn
fine fo megiurr 4
sand ard grovel; y
compaQct : n | 27 //
%
V]
" 130 %
v
Bovlader 4 )
1
b
y
w |22 o
/
%
/
)
%
Vi
/ V1
Cement- |/
bentonite V
grout 7/'//
V1
4
%
/
/
%
y
1
02994 v
202 19 mm )
| Bovlder pvC.oioez ]
! i d 4
T 8ws
‘ g-ﬂ q V1
%
‘i U
€ v
Grey silty I
meaiorn 1o ;
coarse sard, il
very aense Sarndz ||
calloviom) 55 £
Slmm \S - 7L
" Do 7100 I rE
2
Peltorite
Seal
1017.23
328 |Dark grey caged\\
\s1/t Fo sardy silt \\\
T/LL, (armmnated, NN
low plasticity, N\ Al
hara. \ Songpack > ||
AN i’
- occasional \ .N -
cobbles NN Slottead [
1 Z5mm N
FVC ojoe —=1.
NN
; Coved-in
material 2+
\
1010-09 NN
3994|End of Borehole 350y
FPermeabijlity:
{ - 4-5x10°7 fo
o 2-3x/07¢
158 Percent axial strain at failure i
11
VERTICAL SCALE . ORAWN ___ A& . __.
& ) /25 Golder Associates .54 79-4

CHECKED .. LG .. A




G.B. 102
PROJECT No. 722-2025. _ _.
RECORD OF BOREHOLE 79 -7
2081-d4N ; - 43-55 E
LOCATION (See Figure 3 ) BORING DATE Sy 3/,/979 DATUM  Ground Surface
BOREHOLE TYPE Kolary ewith Mud BOREHOLE DIAMETER 120 mm
SAMPLER HAMMER WEIGHT (3.5 4g. DROP 76.2 cm PEN. TEST HAMMER WEIGHT - LB. DROP INCHES
SOIL PROFILE SAMPLES | 4 DYNAMIC PENETRATION RESISTANCE COEFFICIENT OF PERMEABILITY k, °
: - 3 BLOWS/FT. o oo CM./SEC. zz:‘ Z| PIEZOMETER
BV C—LJ E’ w l: s 4 i 1 1 i 1 L 1 i 9 :ﬁ OR
ELEVN e SCRIPTION el sl gl & SHEAR STRENGTH C,, LB./SQ.FT WATER CONTENT, PERCENT g" STANDPIPE
DEPTH HHEE: wp W WL 8 5| INSTALLATION
() ot 3| 4 — O— ' <<
Y 10 20 30 40
Ground
04834 legred  surface : Sur fac‘%
%0 1 Alluvivm o | we. =
Oxiized Firne fo ; 27 sept 79 V||
Coorse SAND ¢ Simap ., | V]
GRAVEL , very 1= lba 62} q
aense /f”mzen’) e : 4V
J bouvlder £ ql
/ V1
V1
v
60 AL,
1042.55 i dv
207 S p3o 41’
Allvvivrn | 4V
Compact A
% 14 = -3/ f
Brown grovelly | . V-7 4 4 J
Ccoorse sond o | 5| - s £ / Y |
Oxidized coarse (o6 | « |23 22 1
sard and fine fo [ cernent- Y|l
medrurrt grave/. [ benfonite |/
. i
T fosing  se grovt — 1/ f
03¢-14  Circvlation L [T 11
e Brown oxidized .- ] 2] ~fe4 4l
gravelly fine fol: v
coorse SAND, | 46 4
littre silt, e 2 L f
Compact ° Y 4
pis q
. |18 /9 mrm //
& . ,,./| RVC.pipe SaAl
. |30 & -2 //
] cobble C ' 54f AU
| several L qv;
cobbles ¢ ' U
boulders 1)
! L
102761 Z] - |G :
Zo.73 ) /5%;/0/.77/748
Gre
sil TILL
very 73’?6’,; Cbarse ;
non plastic 7o reasid Lk
low plasticity - < 3
S
S 54
7ico O 1= 24| Slotted [
/| Z25mm it
02243 ~7\pyc. pite —TH
2591\ Ena of Borehole
:%rmeabsllfy
/69 x 107,
3.7x 1072
cm/s
n:&: Percent axial strain at failure
o
VERTICAL SCALE . R
DRAWN
. Golder : ool
/- 125 Associates BH 79-7 cHECKED. D6 |




Project No. _7_92’2025

RECORD OF BOREHOLE 79-8

180l IBN ; — 9271 E

LOCATION (See Figure 3 ) BORING DATE Avg. 2 , 1979
BOREHOLE TYPE Rotory with air BOREHOLE DIAMETER /20 mm
SAMPLER HAMMER WEIGHT 435 &g DROP 74.Zcm DATUM  Ground Surface
SOIL PROFILE BIEZGMETER
= 3 OR
§ w a STANDPIPE
_— > |2 W 'g‘ @ 63 i . INSTALL ATION
: s 2lE] <
DEPTH il g : I §_ WATER CONTENT PERCENT | ADDITIONAL
(m) el 8] 2 We . Wi LAB. TESTING
-3 (=} w g \/ i
§ < ;, 21 & 10 20 30 40
Cleareqd
1078:80 | Clearea Surface surface
0.0 \Some povilders
G -20
5- 34
Frozen greerish grey 48 O i
sandy silt TILL, no ' e
o 4 I
visible 1ce s- 30| Sand -1}
bz © 122 backfilly L
g gl esmm )
& -37 : .
&6 o |+ 35| PVC pipe— |
c-zo0 gig
oo O g:;;
- 24 g
] bovider [ (1< 5
. s o-/%
J [CE& L /00 O g - L
Drills more easily - M+ct 45
068.4% | may not be frozen >r00 O _

1037 Caved-in
Browrn fo red-brown materialz,
medivm . fo Coarse
sona (allvvivm)

Joce.o| pProbably frozern
/2.8 |1cobble / bovider [
- J cobble [
SHistE beorocK
1062-65 b
.15 | End of Borehole
VERTICAL SCALE . DRAWN AL
e Golder Associates B8H. 79-8  licekeo 26




2025

P

Project No. ]9

RECORD OF BOREHOLE

79-9

Ed08 N Za) £.
LOCATION (See Figure 3 ) BORING DATE Aug. Z,!979
BOREHOLE TYPE Rotary with air BOREHOLE DIAMETER  //4 mim
Cleareq O3m be&low
DATU
SAMPLER HAMMER WEIGHT 4354y DROP 76.Z2cm M otral aroond. suface
solL PROFILE PIEZOMETER
- OR
o w
2| 2 STANDPIPE
~|(2le|(s| @ P | ; INSTALL ATION
=F i DESCRIPTION 25|20 =
DEPTH S ~It 8 WATER CONTENT PERCENT | ADDITIONAL
o w w [ = Wp wL
() elg|g|8] 3 . 5 LAB. TESTING
F o
AHHEE
14182 | Cleared Suvrface
00
Olive browr to
grey sandy  fo
clagey silt 7/
No
Instollotion
137155
4.27 .
Schust BEDLROCK
1136-64
518 | End of Borefiole
DRAWN _ Rz

VERTICAL SCALE

/50

Golder Associates

79=9

CHECKED <P&




RECORD OF BOREHOLE 79-9A
2394-c5N; 913-28E

/: 50

LOCATION (See Figure 3 ) BORING DATE Avg. Z,1979
BOREHOLE TYPE Rotary with air BOREHOLE DIAMETER
Clearea arowvrnd surface
] , U s
SAMPLER HAMMER WEIGHT &3.5kg. DROP 746.2 c/1 DATUM (rermoved  orgarnics)
SOIL PROFILE PIEZOMETER
ol OR
© b
2| 2 STANDPIPE
w - [3]
~|2(¥[6] & ; " . ¢ INSTALL ATION
ELEY, DESCRIPTION (2|82 =
DEPTH Slolal~] @ WATER CONTENT PERCENT | ADDITIONAL
(m) Eld|2)g] ¢ e & W LAB. TESTING
2| x| © W
clels|al @ 10 20 30 40
114)-82  Cleared Suvrface
0.0
Brown grey cloyey)/
sanay silt TILL
containing severa/ 5 p
pockets of shallered 9 Sl
bedrock. po|c9 O e ds7NoO
Installetions
= hH /- O
-~ &b
v |2l O = ok
113816 i
3.00
Schrus?t Bedrock
1l37-25
4.57 | Eng of Boretiol
VERTICAL SCALE . DRAWN _RD
Golder Associates &H. 79-9A  lgerep De




RECORD OF BOREHOLE 79 -/0
2378-12 N ; 979-6Z E
LOCATION (See Figure 3 ) BORING DATE Aug. Z,1979

BOREHOLE TYPE Rotary with air BOREHOLE DIAMETER  //4 mm
SAMPLER HAMMER WEIGHT (3.5 kg. DROP 76.2c/m DATUM  Cleared grouvrnd sorface

SOIL PROFILE PR EMETER
e . OR
o |e 2 STANDPIPE
~|2|8 || @ . ) ) . INSTALL ATION
| ELES: DESCRIPTION El2|F|2] =
DEPTH 8 ~| © WATER CONTENT PERCENT | ADDITIONAL
( ) 2 3 lj o : wP w WL s
m Elalal | S ) 4 . LAB. TESTING
sl=slz|o| 4 ; = {
Elglg el w I0 20 30 40

1142-.82 | Cleared Surface

O N orgonic  silt and debris

1142-22

Ol |1 cobble /bovider [

Browrn sarndy silt
T L with high
proporiton  of

aisturbed schist Zmpn | i__ 25:;
/ | pa O .
WI+- 12
114069 No
z.13 e Installativrns
&
=L
Schist Bearock 7~k od refusq/
~
[
‘Bxd
I =5 I
=\
\Z\‘/
57
A
L
1138-25 &

457 | End of Borehole

VERTICAL SCALE DRAWN RO

- Golder Associates B84 79-/0  Zitexeo De-




No. 272-2025

Project

RECORD OF BOREHOLE 79-//

2386-95N 5 1039-04 E
LOCATION (See Figure 3 ) BORING DATE Aug. Z,/979

BOREHOLE TYPE Kotary wrtfr arr BOREHOLE DIAMETER //4

Cleared surface O.Gm
] ; TU
SAMPLER HAMMER WEIGHT 3.5 £g. DROP 746.2 crr7 DATUM pelow ratural grovnd surface

SOIL PROFILE T
B OR
o w
3e 2 STANDPIPE
~|(2|¥|5| @ ) . g INSTALL ATION
sLEd DESCRIPTION El2F|2] =
DEPTH g <| © WATER CONTENT PERCENT | ADDITIONAL
v w w - - Wp W W
”7) Elalal2] 3 5 '- LAB. TESTING
( x 2| |9 3
S| S| | @

114819 Clearad  Surtace

.0

5/‘?2;»'/7/7 Sarady silt fT/LL
w7 19k proporitiorn
of Z:Ed/'gCEPSC/N'Sf‘

No
Jnstallations
114575
244 I“
Weathered schist o
BEPRoOCK Wi
(¢ ary. ) < :,;
o
A
e
o
1143-62 a~k

457 | Enag of Borehiol

DRAWN R.2

VERTICAL SCALE . RLR
/50 Golder Associates 5. ~. 79- // CHECKED DG _




No. .Z ZZ ?_2_0_2_5

RECORD OF BOREHOLE P Rl 4

2290-54N; 1267R5E

Project

LOCATION (See Figure 3 ) BORING DATE Aug. Z ,1979
BOREHOLE TYPE Rotary with ar BOREHOLE DIAMETER /1 mm
Claored surface O.3m below
M DATUM
SAMPLER HA MVER WEIGHT DROP sl S s
sOIL PROFILE PIEZOMETER
< OR
o tw
2| 2 STANDPIPE
|28 |5| @ . . . | INSTALL ATION
ELEY DESCRIPTION El2|E |2 =
DEPTH g ~| © WATER CONTENT PERCENT | ADDITIONAL
clo|2]g| g e % Wi LAB. TESTING
(m) E ele)3) & —_— 00— :
|2l | 2| @ 10 20 30 40
(7] n 1]
Us1-91 | Cleared  Surface
0.0
Brown sandy silt K83
TILL , Ik propor T/or fRs
of bedrock’ schist S
1150-39 5 ——
.52 W Simm S -33
S 36 ®) 0|
Grey gonot/clovey | [oc e
< Installatiorns
114917 B
2. 74 sy
._’\\
Schiist BELRKOCK IL\/Q:
-\/\,7
1147-95 I
3.9¢ | Endg of Bore bole
VERTICAL SCALE . DRAWN  _~&.&2
: Golder Associates B4 79-12  Zitero e

7:50




792 2025

No.

Project

RECORD OF BOREHOLE 79 -/3

2284-47 N; 137213 E
LOCATION (See Figure 3 )

BOREHOLE TYPE Forary with air

SAMPLER HAMMER WEIGHT (3.5 kg. DROP

76.2 crrr DATUM

BORING DATE Aug. Z,/97%

BOREHOLE DIAMETER //4 srirre

Cleoread sourfoce O.46G m:
below natural grovnd surfice.

SOIL PROFILE PIEZOMETER
OR
5 w
2 le = STANDPIPE
~|2|8[&] @ ; ; ; ! INSTALL ATION
ELEY, DESCRIPTION s|2|5 |8 =
DEPTH g ~| © WATER CONTENT PERCENT | ADDITIONAL
(m) HEIEIRIE: We W LAB. TESTING
THHHE B e
Elglglal| © 0 20 30 40
/5736 |  Cleared Surface
0.0
Browrn fo dark grey (3o
sanay / clogey 3ilt
TILL S |
= - 30 Installations
5/}33(7135 a S-35
bo. -9
- @
/ i
1 cobbly drilling [ - oo L. 2
154-01 refdsal o7 L
387 _ :
Grey becorning brown
schis?t BELROCK
1152.79
457 | End of Borehole
VERTICAL SCALE DRAWN K2 -

£t 50

Golder Associates s~ 79-/3

CHECKED _D&




No. 792-20Z25

Project

2EST-AI N 124975 E
LOCATION (See Figure 3 )

RECORD OF BOREHOLE 79 - 14

BORING DATE  Aug. Z,/979

BOREHOLE TYPE Rotary with au BOREHOLE DIAMETER  //4 /mm
Cleared surfoce [Z m
PLER HAMMER WEIGHT &3 . DROP 7L.2C DATUM
E 3.5 kg. DROP 7G.ZCm Lelow natvral grovnd surface
SOIL PROFILE PIEZOMETER
. 5 OR
2= 2 STANDPIPE
~|(2|¥|6]| @ 5 i ; . INSTALL ATION
s DESCRIPTION S| |2 =z
DEPTH 2 ~| ¢ WATER CONTENT PERCENT | ADDITIONAL
218yl el % Wp w W
m) Llaela| 3| 3 A S LAB. TESTING
w
FHHHEK
114476 | Cleared Surface
0.0
Brown gredy
sanay / clogey
silt T/LL
No _
114263 !nstallations
z.i3 L
\;
N\
2 NN
Grey Schist 3]
BEDROCK A
(drgj ’\7‘I|
et B
LAY,
AL
,\
o
[C 728
~ .
/140-/9 =
457 | End of Borehole

VERTICAL SCALE

| :50°

Golder Associates 5+ 79-14

DRAWN &L
CHECKED DG




G.B. 102
N
PROJECT No/2Z27 2025 | ™
; _ o
‘ (N
\\
RECORD OF BOREHOLE 79-/5 s
2371442 N ; STT4E - , « LI
LUCATION thee Figuie 3 BORING DATE  Aug. 7,/979 DATUM  Ground Surface i
BOREHOLE TYPE Roftary with mud BOREHOLE DIAMETER  //<4 mm
SAMPLER HAMMER WEIGHT G354 DROP  76.Z2 cm. PEN. TEST HAMMER WEIGHT — LB  DROP INCHES ¢
' i
SOIL PROFILE SAMPLES | 4 DYNAMIC PENE TRATION RESISTANCE COEFFICIENT OF PERMEABILITY k, ©
> — 3 BLOWSY BT oo bosnr sl ol CM. / SEC. 2 Z| PIEZOMETER
s u o OR
5:' ﬁ E % § re 2 4 1 i A i i i ¥ ow &7
[EEYN pescripTiON eleldlel & SHEAR STRENGTH C,, LB./SQ.FT WATER CONTENT, PERCENT L ANDIIRE
DEPTH v 2tz 1818 ' wp W Wi S 5| INSTALLATION
(m) =] Z S M <8 o 4 < g
) ~ ]
@ 10 20 30 40
Groynd
105610Grovnd Surface surface v
0.0
OXidy zed sandy | (
gravel and -
CObﬂéf D.rgn == % )
0534 ‘ y
244 | Browr? coarse |
sarid with somej: 12 !
Fine to mediumns b
little Fine #o | > - 3 y
med I gmye{ : 7 5 -5/ ah
CornPacT: Mj/@ y
4 2l V1
104694 )
7.16 | “~cobble A v
5 ] 39 WL v /
Gr‘eg sandy 7o e/ =
silty 1ill or 27 Sept 719
colluvium, hrgh 6|« (27 ) . /
proportion of a g
bedrock schist); s- 2,
req oxidation 8 7]« |2 O w_+c5
mottiing 1 iy / )
Schis?, compads:?:
7o densé. : “ |64 Hr
|plack orgarid] |
5/]7" E: 6" V1
harder drilling v
_ 1
Cemern‘/
T copble bovider, bentonite
grout——7]
.+ Pioo My
4
19mm. b /
PV.C proegt i
U
: -
~ e 6"3& / A
Occasional 46 D S -5/ _
c/ageg silt W7~ | flltoriTe
polkets . -2 seal
Joz232 | it
378! Grey silty fine 58
zand writh some it ®) 5~ 29
pebbles, loose to L7+ 4
compact. R » -
Extensive /0ss (Porrerls
of Circulation - & mm Wi
4 below .84.4m and | PVC. pipes
coﬁf‘/nu/ng 7o 32m}: w170 O gfga'?/c s ‘ al
argarnic fine ardy ik iealile :
1227_'52 !t with pebbles i | Cogrse
Grey silty sand wndmcka'.:.
and grave/ o
(allvvivrr)
025600 VEry daense 3 2100
3100 o
_ oy
Greernsh grey [~ .
becorming i
grey schist bl
BEDROCK |
[ - e
w77 :
‘_’,‘—/ e B 1277 . ‘T“ 34 9;
g Caved-ir ‘
VO matereal/ X
/017-99 & -7
3&IIEnd of Borehole - i
: Fermeabi ity {
749 x/0°€ o f
16/ x107°
cm /s
° e
15)-5 Percent axial strain at tailure :
1o i
VERTICAL SCALE R.2
. DRAWN -
| Golder Asso T B B et
/125 ciates Z { CHECKED . D& _____.
ot A



G.B. 102

RECORD OF BOREHOLE 79-/5
2374-/2 N ; 5174 E

LGCATION t5ee Figure 3 ) BORING DATE Aug. 7,/979 DATUM  Grournd Surface
BOREHOLE TYPE. Rotary with rmuvd BOREHOLE DIAMETER  //<4 mm
SAMPLER HAMMER WEIGHT (G354 DROP 76.2 om PEN. TEST HAMMER WEIGHT — LB. DROP INCHE S
SOIL PROFILE SAMPLES
n PIEZOMETER
9l " LPOWN  HOLE GEOPHYSICAL LOGGING OR
ELEVN. R Sluld| o STANDPIPE
pepTH| OF°C : E 2172 INSTALLATION
(m) Flz |3
GAMMA ) GAMMA RESISTIVITY  |Ground ,
105610Ground Surtace 1sur face ,Z/
0.0 i )
Oxidyzed sandy p
gravel and - U
cobbles 1ol = a
053¢ y
244 | Bromr7 coarse g
sar1d with some| [z | |2 a
Fine Fo mediumn %
little fine o v
mediom gmye{ 3| |le i
cornpact.
/2 ) w0 | //
7] |20 )
104894 y
716 | “~cobble A Y
5 39 Wl WAl
Grey sardy 7o P e
silte 1l or 27 2ept 19 ()
colluvium, high o |« |27 v
proportion of v
bedrock schist, )
req oxidation 71 |20
motitliing 11 v
Schus?, Compact )
7o densé. g |64 Y
]b/ac‘/c organiC[ Blq
hrarder drilling j /}/
10| - ' g
= Cemern‘/ q
T cobble bovider| bentonite (i
grout—){|
/
/] PI00 ¥
%
/9 mm L q
PV.C. proezt | i
V1
. / q
Occasrond 7]« |40 / .
clayey st K/ forite
pockets f sea/
| 2 [
| g
103232 i ‘
2378 Grey silty fine
sand wrth Some Bl 1 |
pebbles, loose to |
compact e
Extensive /0ss —! sé%HEd Kt
of Circulation ou Cm il .'L
below E4.4m and Vi PIpes gt
contirnumg fo 32m /4] |20 d
Orgarnic fine zardy '
/22724;2 \5/%014//'7‘/7 pebbles | Cogrse :
Grey silfy sand 50r70’/27€k2~.
ond gravel -
(allovivrr)
02560ch VEry dense /5|« piog |
3/.10 |
Greerish grey
| becorming
grey schus’
BEDEROCK
16 -
77 -
/18 1= 5
Caved-ir
materi/>
1017-99
3&I|End of Borehole
Fermeability.
749 x/0~€ To
X 16/ x107%

VERTICAL SCALE

oo Golder Associates BH 79-/5 g




G.B.

102

225612 N; B-12 E

RECORD OF BOREHOLE 79-/6

LOCATION (See Figure 23 ) BORING DATE Aug. I ,/979 DATUM  Grournd Surface
BOREHOLE TYPE Korary withk mud BOREMOLE DIAMETER  //< /nrm
SAMPLER HAMMER WEIGHT 3.0 kg DROP 7.2 cr PEN TEST HAMMER WEIGHT — LB. DROP — INCHES
SOIL PROFILE SAMPLES ]
| PIEZOMETER
gl | (= LOWN HOLE  GEOPHYSICAL [ OGGING S
ELEVN, Clwldl > STANDPIPE
SCRIPTION o -4
IDEPTH DESCRIPTI E 2|12 | INSTALLATION
(m) Sk ! |
/G ISTIVITY T 7
104325\ F1/{_Surface 1 G Iy A EEESTRAT surface ¥
0'0_ Gravel Fi//
104234 27 Sept 79
0.9 |Muskeg ard L W Lep \Vi | .
orgariie gfbris / ngm 3 i —]: ] "
5 o = 7’ " """“ %
B Frozer fo /. E3m 77 i
Z74 Meaium to 7 /3 £l 1040 | e 3 o i
coorse SAND [T RSERESIES Ji
and GRAVEL, Z 15 L
compact 3 14 =g
(03GEE 2 8 ; 1
o440\ Compact grey o |}
meaum to cogrse 3 [\
sand some 3 20 ‘U
1034:71 | orgariic E -
854 | compart == : i
":/'7"-@/-/"{}87;","5‘14' e DJ r "l
sarid ond #4 |yl
grave/ \ 11
@/ lvviwrn ) 7 5 a2
i 1S mm a'f
2 s PVC pipe - _'J .
__lo30__, BN
Coarse sard 2 30 }A
and fine gravel | R
w5 I
loose to 7 40 i :i
compact s
!.: *
Losing some % 77 " ¢
1024-04) circuvlati 3
19.21 circulatior Pe/fom?‘e -
5}"'6’5{ mediurr fo /3 5L | seal 24
Icoor.;e Sandy : e
silt, high ‘
preportion of I il
breken bedrock
aense ,
/4 38 ) /0Zo |
101947 ]
Z378| Lense grey ,
5//1y finé fo Coarse i | I
AN, 20 100 ‘ -
oi7eANO. it gravd po oo Sandpack |||
Z5.6/ ||l
v futed Slotted [
schist BEPROCK \25mm P{/C‘;_‘,.::-
01526 | PiPe T
28.00 Relat/vely cave -in
soft schist \material
LEDRoCK | o
aZ-76
30.49\End of Borepole rmeab, /ity
589 X 107¢

VERTICAL SCALE

{eles

Golder Associates BH 79-/6




G.B. 102
PROJECT No. Z7£-20Z5_
RECORD OF BOREHOLE 79-/6
2256-12N; 512 E
LOCATION (See Figure 3 ) BORING DATE Aug F,/979 DATUM  Ground Surface

BOREHOLE TYPE

Ko rory  with omod

BOREHOLE DIAMETER

/14 mm

e s

CHECKED . DG ____

SAMPLER HAMMER WEIGHT 3.0 kg DROP 76.2 cm PEN. TEST HAMMER WEIGHT — LB. DROP — INCHES
SOIL PROFILE SAMPLES | W DYNAMIC PENETRATION RESISTANCE TEMPERATURE N
= = 3 BLOWS/ FTi srscwsassas °c A z Z| PIEZOMETER
£ g s 4 w ‘: S i 1 A 1 1 _‘015 CP +015 +/10 .g_ m OR
VN S
Li | DESCRIPTION - § 212l & SHEAR STRENGTH C,, LB./SQ.FT WATER CONTENT, PERCENT =a STANDPIPE
o; )TH <|z|r 3| 3 ‘ wp W WL 8 5| INSTALLATION
. 5 z @ - — O 4 < j
i 10 20 30 40
Fill o
04625\ F7/1 Surface sur face//,
oL\ Graver £y al5
0.91 |Muskeg ard | Za/\iepf 79 I
orgaric debris = 1 |eali3 Organic fonrent, 16.3% o y>uek O =L
— Frozerr fo /. 83m y #1 | il
— - G-G/ . 'j
274 Medium o Z|~ i3 S - F 7 oo 5 1l
coorse SAND \ e T/?erm/ﬁfor S
and GRAVEL A -7 | #z 4
compact 3 14 \ Fh
\ i 14
\ .’ -‘
/t‘j!'é.fl’," 4 I8 \ A
@40\ Compact grey ) | o
meaium to caprse i o/ > 1]
\ : I
sand sorme \ &5-3/
02371} oroaric \ e
854 compact \ A7 + Al:
Infer/oyered Sept |27, /979 > 4~ 7 -
| g o A #a i
n.j_, ‘,‘L / \ | Yy b/-8
| (a@livnrurn | l ‘o |le-es
, . ; \|s-23
| | Wiz 19 mm L.
| {5 PVC pipe =il
Coarse sard ?’;55 A
and tine grave/ M«ﬂf | .'i;""
licose to [ 4 A #5 |4l
| compact | Al
i -
Losmg some |7
1029C4| cliculation ;
Grey medium fo ?;? seal —
icoor’se‘ _Sarndy Wr- 7
1 Silt, hugh 2
proportion of o=
breken bedrock :
dense |
2447
Z3.78| Lerise grey i
s/lfy fine fo coarse é 6-54 :
1022¢4 ' =0 i Sandpack |||
75l ™ | N
Very hard wJ 5 1l
, & i otted |4
schist BEPROK R 1 25/7?”? =Y
1020-703 -4 ‘ J == ”"“.T'."_.:.
£8.05 Relati/vely [ l cave -
30#7‘ 5(‘/5/57" \\l/> ‘ mafer-/a‘/;
BLEDRoCK | : o
0776 o = :
3049\ Endd of Boretiole "'9" Percent axial strain at failure /%’/'/né’ab//’%)/ﬁ
589 X [O*cmAs
VERTICAL SCALE i R.2
. ORAWN seefBlonne
Golder Associates BH 79-/6




(222025

No.

Project

RECORD OF BOREHOLE T9-1#

2448-63N ; 10994 E

LOCATION (See Figure 3 ) BORING DATE // Aug /979
BOREHOLE TYPE Rotary with mud BOREHOLE DIAMETER //4 mm
SAMPLER HAMMER WEIGHT 625 kg ORoP 76-Zcm  DATUM Ground surface
SOIL PROFILE PIEZOMETER
& s OR
e g 2 STANDPIPE
a w E <
| 2|4 ? . 1 . | INSTALL ATION
ELES DESCRIPTION AHE 8| =
DEPTH 5 s 8 WATER CONTENT PERCENT | ADDITIONAL
21y 3 4 : Wp w W STING
slala|2]| 2 i o ¢ LAB. TESTI
- AHHEIE
107683 Ground surtface -
o R
- + Unfrozen + N
BN
sSandy SILT TILL 5\}1\
(Trozern) ;Qa\\
:l Boulder B
orzser — SRy
] ive prowrn. 5/ =
PN DND Gt Fine Yedngy WH
1071-34 ST
5.49|~ cobbly drilling ="
Fine GRAVEL and 76
coarse S5AND, mosily Potgod
rozen, some broken raem
rock Zones. caving ol
frozern gravel fend? 7o , B
mask cutltings. Reter 1of:
BH.79-20 Tor] more .
accurate stratigraphy it
1065-84
1097\ Grey brown fine sandy
ey SILT T/LL
1219 | End of Borehole

/

VERTICH, SGALE Golder AssociatesA479-/7

DRAWN KK
CHECKED D& _




N

G.B. 102

L RECORD OF BOREHOLE 79-/8
2128-41 N; 4498 £
LOCATION {See Figure 3 ) ' BORING DATE /& Awg /979 DATUM F// surface
BOREMOLE TYPE Aolary wilth mud BOREHOLE DIAMETER //<7 /721
SAMPLER HAMMER WEIGHT 65-5k9 DROP /6-2 cm PEN. TEST HAMMER WEIGHT DROP
SOIL PROFILE SAMPLES i DYNAMIC PENETRATION RESISTANCE TEMPERATURE , °C &
- <1 3 BLOWS/FT. __ - TAN < Z| ‘PIEZOMETER
o g -5 O w05 +HO z 5
o ELJ EJ i 8 S iy i i X 1 g e L N °w OR
LEVNI bEScRIPTION I SHEAR STRENGTH C,, LB./SQ.FT WATER CONTENT, PERCENT . STANDPIPE
DEPTH § 2|7 g| 3 . ‘ Wp w WL 23 INSTALLATION
(m)| & 21 3 0 20 30 40 7
/ ‘ Fill
104923 F1ll _surtace | surlace
o000 ; :
Grave/ FILL » S E vaails
/047-;/2 it . : 275ept 79| |
Frozen black = | e
organic SILT, = ' B PEINE Hioehinle k- - 43 :
pieces of wood =3 I | 280 &grsoliqation Testh g AW i &y S - 20|17 hermistor| ||
g ice crystals 2= Gs| 2ok : pr2g gl J-
lo 12 mm dia. EH | e . A
= }
—] A 4 Al
Le1s | = 1 - 5G “ ale
6o KzZ > -39 . i
\ W7+
Frozen, brown \ -5 _
fo grey layered o \ GGl G- E
fine jio medium ¥ iy M \ | © 241 |5-8a =-S5 [FE
SANDS, some A g A/_/;C# 1
. ZE0 i
fine gravelly \ S =18
/ e S -8 e
ayers < | e bl
103887 . N 2 Sk
(C3Layered grey & | T (W ik
broewn fide SAND | " Cb s44|s-65|. s -57 |58 .
& coarse SAND N7+ | NP i
b fine GRAVEL, A\ & o g .
Trace orgarics & -2 :
marginally 1z : \ s - 7.5 k
03612 compact \ r e R
131 \ 7 e
7 " /% 5<’pf & 7, /97;7 g1 -
| Layered grey =\ Al
| fine To medium |\ i T
SAND & nor ~ 1Tzt . o g
plastic SILT, = i \ il
some organic \ Al
compact 5~ & al.
& P9 1 |5 o o 1 7- 57 #S AL
¥ = - s/ ..
ol |5 :
/9 Tl
“ e |2 : mim g
o~ : Pvc pipe —{7|-
ScaTllered : ' gt A
pebbles it . A
[ - A
i 2 D S e~ Il
o - &P
02485 | s T
24-38 |-
§ Grey sandy ! : i _5527'? L5
i GRAVEL., ense L T A 1.
F5 N 1'_74: X
AT+ s
= 9 ¥
n 58 ..
# etur—— »sJil
preumatic |- |
01723 - e pleometer |
32wiGrey fine fo
coarse SAND, : dre
little medicim ] 7. 2 W o
gravel, very ) o4
1015-¢9 ense - = 179 2/ - o !
2414 Eozsibly e i i
01448 fractured 9
236.08\ _BEDROCK Sandpack |. "
ot ¢
B ¢ .
1
~yDark grey schisf ] oo
BEDROCK =2 .
&
/\7I -~
/\l ~ \
1_1‘\/ cave -in
] _ ' : material>
/CDB-D& ,\/\ Pt
41-15\Ernd of Borehola
[~}
18- Percent axial strain at failure
1X-] . \
VERTICAL SCALE . . <4
. DRAWN
: Golder Associates . N S e
[+ 125 ; BH. 79-18 CHECKED _._sDG -




G.B. 102

RECORD OF BOREHOLE 79-/8
2123841 N; 4498 E

LOCATION (See Figure 3 ) BORING DATE /3 Aug /(979 DATUM £~/ /] surface
BOREHOLE TYPE Aolary wilth mud BOREHOLE DIAMETER //<I /7
SAMPLER HAMMER WEIGHT 65-5k9 DROP 76-2 cmm PEN. TEST HAMMER WEIGHT DROP
SOIL PROFILE SAMPLES &
" E ;:‘ Z| PIEZOMETER
e Flelwls LPOWN HOLE GEOPHYSICAL LOGGING 128 OR
|  DESCRIPTION @ {20 -
DEPTH S ik 5 3|7 \Q gm- INSTALLATION
(m) 1518 3
% Fill
109923 Fill sur face GAMMA " GAMMA EESISTIVITY 5ur727¢<92
(7»0_0
Grave/ Fll WL Q .
104771 275ept 791 1|
1-52 -
Froszen black i
organic SILT, - , ;
preces of wood I 182100 Thermistor|-||"
& 1ce crystals # 1 .'.
To 12 mm dia. B IR
#2 L
04313 - "‘W
6/0 Z. n > /00 L
Frozen, brown
o grey layered
fine 1o mediurm =" i -
SANDS, some #z WME
fine gravelly 1
layers 41" piog -1
103887
O Layered qgrey &
etk fifvge gAND 51| :
& coarse SAND i
I fine GRAVEL., #4
7‘/’C7C6,of?af7/cs ., B
marginally =2 I FE I [1-
103612) compact CL
1311 gk
Layered grey Ly" 1= e
fine To medium ; :
SAND é nort — Fol-
plastic SILT, Bl % Al
sorme organic :
compact 5 s #5 |
v/ -.
ol 15
" /9 mm Al
4 e PVvC pipe —17|-
Scattereq i
pebbles
oA A
1024:85 g
24-38 _
feltornte |||1
Grey sandy seql ﬂ
GRAVEL., dense 125w 5] I
2K 38‘ e
r " -‘
| etur — #JEJ ‘
pneumatic |-
1 Boulder p/egomc?‘er N
01723
22coiarey fine 1o
warse SAND,
little 778@’/’1.//7’7
Ig=2% ver
/0/5.099 je/';se J ] 11
2414 Possibly v
101418] fractured
236.08\ _BEDROCK 5andpacc/< it
Dark grey schusf
BEDRocKH
cave -in
materic/-
/(DB'DE v &5
41-15\End of Borehola
VERTICAL SCALE DRAWN KK

I 125 Golder Associates B4 79-/8




G.B. 102
PROJECT No. /9222925
RECORD OF BOREHOLE 79 - /9
2ZI656N; T3TI3E
LOLATION (See Figure 3 ) BORING DATE 15 Aug 1979 DATUM F~/// Surface
BOREHOLE TYPE Kotary with mud BOREHOLE DIAMETER //<7 /7i/m
E SAMPLES WAMMER WE's»T 635 kg oROP  76-Z7 cm PEN. TEST HAMMER WEIGHT DROP
N SOIL- PROFILE | SAMPLES| “ DYNAMIC PENETRATION RESISTANCE o
? 1 = § BLOWS/FT. __ _ . ;_éé PIEZOMETER
SN pescRiPTION - R R = SHEAR STRENGTH C,, LB./SQ.FT WATER CONTENT, PERCENT £l STANDRIFE
DEPTH | < Zlr|gl € W W " 8 o | INSTALLATION
, ! } z I = w 3 . ol g g
(/m\ ! - 1 3 i r S 1 3
(m, | @ 10 20 30 40
* ]t F///f :
-1 surtoce )
09626 | F_/// surtface | ]
o Gravel :nge‘g wer. ¥
] ElLL .F?Z,J 275€PT79//
oderd!  hee cuttings |
152 = backfiil—=L
= l e dl%
Crgaric SILT § = A
\debris, locse =
o compact |
i f
ga| 14 © :
|
dzle. - G- 55
& |0 et~ 1820 £5/m ity Vold ~7 -
ce = |
|
b 1Silty TILL with g gy G
tgh proporicn , Ve pipe '
‘oF schist ! ]
BEDROCK J
|
I
| L
Felforite
seal -z.
<]
sandpack->r 111
‘[7055/b/ 5/O7L7"éd - ..4“
(J//U!//Um 25 mm pVC»J !
pipe. -z,
102875, :
1951 Grave ity SAND,
l\scme loss of
icirculation
10263 - Cave-in
5/amny e !c:
ariii lirlg below }-
22-86 2
1023-88 ~7;.
2438|End of Borehole |
NoTE| Stratigraphy |baséad e intdrpretation of ¢uttings %rx/‘r;éab/_/;fy
and |drillipg agtion | and|thergfore| may| vary From ;mff
) that|l shewn. ’
] '
1508 Percent axial strain ot failure
o
VERTICAL SCALE : . ‘ ORAWN .. KF__ .
t 1zs Golder Associates B+ 79- /9 cnEckED. Dce




G.B. 102

221656 N ;
LOCATION (See Figure 2

213 E

BOREHOLE TYPE

RECORD OF BOREHOLE

/15 Aug 1979

BORING DATE

Rotary with mud

79 - 19

BOREHOLE DIAMETER //<Z mim

DATUM ~/// surfcace

1126

Golder Associates B+ 79-/9

SAMPLER HAMMER WEIGHT 635 /qg DROP 762 < PEN. TEST HAMMER WEIGHT DROP
SOIL  PROFILE SAMPLES &
T N & :zx‘ 2| PIEZOMETER
e ol w § DOWN HOLE  GEOPHYSICAL LOGGING |84 _ OF
— | DESCRIPTION e s =F DPIPE
DEPTH 2 EIME 8 x| INSTALLATION
(/Tl) ‘ ("/_7 = S <« 3
| Q
| AMMA /| GAMMA RESISTIVIT e )
G A/ G ISTIATY surtace <)
s\ i1t surface f N ey
o0 Gravel || wL M
FlLL | 27 Sept 79 /1
Uodeq | e cuttings |/
[-B2 | back 7[/'//-*;‘%
T
Crgariic 5/L7‘$‘ /A
C/e ris, loose 1 -r
I
1 128014 l |
osze | | s Ik
&0 i Void —2 o+ || |
. , il
ﬁ | | [ |
2 |
< e, T fifn (Ginery i
| 511 y TILL wiifl) ] L]
1’?,;;,}) rr@por;";-{;/‘) : 1PVC P/pé ‘-‘P‘A |
achist , | ; | |
BEDROCCK ‘ ’ !
] |
| |
(i
i | | !
? Feltonite |
: 5667/ = I
=g
sandrack- ’ i
posst bly Slotted | ]r 1
alluvium 25 mm PUC .,'J |
p/pe -r.j,»|..E.'
| 1030 | KX
| | g
107875, | >§{
| 7957 Grave 1, sano, %
‘ \some loss of | !\
;,:;'rcu/af/‘on X1
102631 Cave-in '
2195|s.hist BEDROCK, material -
slightly softer
\arilling below |
22-86
I023-88 o
24:38|Ena of Borehole
2rmeability :
. |\ Bl x 1075
|
VERTICAL SCALE orRawN __ F5 .

CHECKED . D& ______.




{7126

Golder Associates B~ 79-20

W ey VUr purRcenubLle YA Sl <8 WP
2447-49 N; 114-36 E
®OCATION (See Figure 3 ) BORING DATE /© Awug /979 DATUM  (Frourd surface
BOREHOLE TYPE At fary wiih cur BOREHOLE DIAMETER S 172 777
SAMPLER HAMMER WEIGHT (24 L irens 777 PEN. TEST HAMMER WEIGHT DROP
SOIL  PROFILE SAMPLES | Y4 DYNAMIC PENETRATION RESISTANCE TEMPERATURE, °C -
- q 3 BLOWS/FT. __ e = A 3 Z| PiEZOMETER
o 5 L €r +&-5 #HO g 17 OR i
(_LJ x| ‘ii S 1 g 1 1 1 a7 i 1 h O w
ELEVIM GESCRIPTION s8] & SHEAR STRENGTH Cy, LB./SQ.FT WATER CONTENT, PERCENT = Ff  STANDPIPE
DEPTH St =1 S Wp W Wi 8 & | INSTALLATION
() e = — O - <=
0w
e, | @ I 20 30 4
Ground
DT80 éround surface| furface 7 1H_
G , 7',"76/'/77/5.*(,‘/{ |
‘Brown fine D—1> # 7 I."
sardy SILT TILL = o +29 b
: LW ¥ - 58 #3 I
i e Jk -32 '1|
LETE A" ] i
3-05\8rowr 51ty GRAVELIEZ &l l #1 |l
Vorzggicoarse SAND %R ! “—Sapizor /579 ; ..!j!
296, , ek ‘ 2 I
\Brown fine =t « 1 g p - 52 sl
\sandy SILT ' ! P +”.
! 4 / Al
{ - 3 | NN
waam R - o | X!
&7 | ‘.,_-_'__‘: A o # qm
‘6rey fine sandysd] | | -4 Bl
SILT TILL, somé [EE=] - ol \t- 28 IU
v / - . 3 e 1
796 |e_grave! ; ‘ e o il
884\coarse SAND & fing::— |, ol | s | At
!.Q:O.Z‘Q GR.A..[{:EL £ l N o B j‘
9151 Frezen grey 3 1 e Wi
fine sandv 5ILT S \ e - 24 [ 4]
ITILL, low’ R 71w O : = - £33 : N
:”/L’JSI“///IV c.cé. E* | r\rf-Z Lok
lce g*lfu’f_}"?‘c- bral h 2 b-- & » |- !
112 mvn ara. N - 5 =
o = G E 2 kil
0e3€)! . SN ; r- 3¢ 1141
R - . S | ond
/% ! C?f‘ey fine sandy PR l "3 i-!
.,//_T TILL ) somie, 8:‘_&- 2 O | _ /@P 1snite 1
Ty I/."?//'?/f) 7 f//’ ].A YN 1 ?’;fi ié@af;/ E | o J|"‘
{%:"i::."“ i i /,f . | ey ng -l
{ [/ ©) |
| : i
] | = I3t
TILL becoming a 4 # 14
'mugh harder : \ ‘
srer N \
Cf e :, Y v 7 28 | r }
| SN WE B O <. 32
0&7.Lc4 | { , 7 -
b n.A - | P S
/QLO E\/’?\W) C,, y' “ \ ! .
| = \ o ]
| \ Ml
: \ 5 - & ] i}- I
| (4] » L Wr -8 Sk
%'_7 - 78 #7 & i
arey 5/L'F, nen - | '
plastic e lbw = ol i
|p.’aJ#/o/*y , \
(f’rfA fleur) ' \ -/ L IM]
& | « @) \ s - 31/9mm. R
\ W7- 72/PVE pipe - (7]
i P Z & 'H
| ‘ Kiit
I-b / : R 1
-pbecorrnin 17 il
{c/aye 9/4 O o " 1l 1
| plas /C/-f‘y \ ﬂ%{na € I
| ' | b
(74 0/8// 066275607'79 g—"v—{
M;‘ S (NP \ T TE ] [‘l s, = #5: l"|':'
292 R \ i l:!i |
;///: \ Pefu ‘-—\:‘l -
Rk, G- P77 /*eunuf/c
O = \\ pfejome er } ‘
, s \ , |.1
Grey sch/sf/y ~/{Z5] « | ] ! ;-'J
BEDROCK {0 \ Lt
(>4 | Sandpack | 1 ‘*
2L » \ b i
feg \ i S
b < \ 11
\t/\ 2_7_ \ 5/07‘7‘66% _' {
Nz \ 25 mm PMf.:l
ik NOTE| Pneumatfic fAiezcmeter| & Thermijistor] #9, pipe - 7 1)
e not {funefiecnal, Frgsumagbly |thesel werg | B ]
103961 e destroyed |during wmgtallay ion T R #9 |'@-
A2M9\End of Borehole L = A
ThCrns fer | Legdgr rérmeabi //fy:
7o fupc #1087 3-64x 10°¢ Jo
9 . 418 x 1075
1-O-s Percent axial strain ot failure /s
‘o
VERTICAL SCALE DRAWN [

CHECKED . D . ___.




RECORD OF BOREHOLE 79-20
2447 49 N ; 114-36 E

LOCATION (See Figure 3 ) BORING DATE ‘o Aug /972 DATUM  (Frourid surface
BOREHOLE TYPE Actary wiith uir BOREHOLE OIAMETER /477 /7
SAMPLER HAMMER WEIGHT &2-5Kg0R0P 762 207 PEN. TEST HAMMER WEIGHT ~ DROP
SOIL PROFILE SAMPLES
- § PIEZOMETER
Slel 8|  DoOWwN HOLE GEOPHYSICAL [LOGGING oR
ELEVNI o RIPTION t w i g [0 STANDPIPE
DEPTH < § > ‘g INSTALLATION
o 3
(m) n 2
NATURAL  GAMMA GAMMA/GAMMA  RESISTIVITY |Ground
080\ Ground surfacs surtace ) |
3 = | .“‘
B | Thermistor | T
Brown fine Lo #Z q!
sandy SILT TILL - % Al
/WA ‘ #3 4l
| Bli
07375 5 !
305 8rown s5ilty GRAVEL|& & #1 (1]
1284\coarse SAND ‘ Al
396 ) ‘| 1
Brown fine = i 1 1
sandy SILT i i
| I
| (R
0109 e 1070 | il

671 — s —— e #
\Grey fine sandy . 4 H'

silT TiLL, some | &4 | | BRI
Jazgetfine gravel Al
Bd|Coarse SAND & fing . I<(I
IOETOSGRAVEL = i' i
Q-75\Frozen gre all
f!neg5c7ngv éILT "
TILL, low 7] w |
plasticity, ccc. AU
ice cuttingss fo | [
12 mm dra. - #5 1]
) I
1311 | Grey fine sandy Al
SILT TILL, s0me 2B R 42 ||IH
(:‘nfa/r;mq high %5/;%7/ € A
roporton <l el
i'/L'r?@c!Q ?)”i.
. /c\ " ".r 11
1]
. L i 100 | Jili
\TILL becoming Ly #5 | 1|}
tmuch harder il
\& Grieir
| Z |
06764 \»
19-20| ==Brown grey -7 |
3 :
}
| "l |
#7
Grey SILT, rion- '
plastic fto lbw =1 .
plasticity |
(rock flour)
I3 19 mm. |
. PVC pipe ~17
E 4?."
| : A— - i
-becormin 5 Bl
c/ayey,, gbw * 2 : |
plasticity heymatic | |{
|\ [ Grave]l \ oof 79 ~Nralt]
g&m‘é}dl’sg SAND 2] 27%ept 79 Py
29: .
Fetur ——1: 1
75 pneumnalic | |
piezemeter | || -
Grey schisty z=]
BEDROCK -
Sandpackz )| |
ZT] » :
” Slotted e
= 25mm Pvc|.
pipe —- 7 |1
103%1 e . SR — it e S— R —— —— VO ——. £Q4_0_ #—9
AM9\End of Borehole
rrmeabi /ity :
2-6dx (0°¢ fo
4-18 x 1075
VERTICAL SCALE . oRAWN ___ KX
iy Gol B D - o
P der Associates B+ 79-20 EcKbn B




| ReCLURD UrFr BUREROULE Fe=dd

1974-58 N 3 = /1973 E
LUCATICN (bee Figure 3 ) BORING DATE /& Awg (979 DATUM (.[lecrred growurnd surtface
BOREHOLE TYPE Acotary with muct BOREHOLE DIAMETER // /1
SAMPLER HAMMER WEiGHT 535 ,fgv; GROP 752 <'¢ PEN TEST HAMMER WEIGHT DROP
SOIL PROFILE SAMPLES | W DYNAMIC PENETRATION RESISTANCE COEFFICIENT OF PERMEABILITY k, ©
. , :
N E § BLOWS/F CM./ SEC g é PIEZOMETER
(o)
& il C—LJ &:J w § S 1 1 2 L 1 i 1 1 i o ﬁ} OR
q | DESCRiPTION el S 1s] & SHEAR STRENGTH C,, LB./SQ.FT WATER CONTENT, PERCENT * | STANDPIPE
DEPTH HEINEE: wp W Wi 8 & | INSTALLATION
/) o I ol 4 e <<
(m) » b o 4
Q . - 10 20 30 4
] ] C/e?fed e
- I 5 ce i
weo-Ghleared surtace : | HITaeE
000 ' _
COBBLES & Wi My
BoULDERS 275ept 79 )
Fﬂ% .
Z13\Grey fine sandy !
SHT TiLL or em _, S - /g
COLLUVILIM, low &y O v+
o 11|plasT icity, leose |§5 "56
9%\ Brown, oxidized Wi . L, -5%
ALLUViILM, 2% |27 S. 54
nc,Aud/nc;a coars Ao
SAND, firie -2
aruve/ silty o
gravel, cam,cnc’?‘f- [3 | v bwo
104304 7o dense i
70l T |
41 |38 !
Coarse SANL L 2o
- _ Zlcs| - 0 O |
Afine GRAVEL Tt 6 [EATs3 el
1l
| nr
: ! .
Layered gre 1|
ng ‘browrt sz/i‘yi S - 42
fme SAND & = - B
ne sandy SILT, ' |45 o ol
dense. 5- g v
. J
03453 5
....... — 108 ® |
16-54 ) ‘ . !
: 19mm . | .|
/DVC/O/;De/a' -
. 1
> (Y i L ’
Trey Jayered ‘
SAND & GRAVEL 4
ALLUYVILIM,
very dense
ie
i
e
1025-69! B s
2438 oy /| v proe
] m/'ivyegi%p [f"k:i,"‘ o g \feltonite
i % . seal =2
Grey sandy
SILT TILL, very
dernse
__Jpendpack>
" P D E - 39 ' )
VN |
- A
101593 e _
24- 14 '
Grey schist Slotted [4L-
BEDRCCH 25mm PUC |
1 "’; : ,0/,05 s ;1-'-?'
101349 _ P : - i
2658End of Borehole
f2rmeabilit
6-33 X 107°
° AT, S
158 Percent axial strain at failure
o
A

VERTICAL SCALE

1125 GOIdel’ Associates BH. 79-2/ | DRAWN --:\D-C; ______




1974-58 N
LOCATICN (See Figure 3

—~i#9-15 E

)

BOREHOLE TYPE

RECORD OF BOREHOLE
16 Aug 1979

BORING DATE

Rotary with mud

BOREHOLE DOIAMETER

9=£f

PATUM Cleared growurd swur face.

[t mirm

/125

Golder Associates

BH.79-2/

SAMPLER HAMMER WEIGHT 635 kg OROP 76-2 cr7l PEN. TEST HAMMER WEIGHT DROP
SOIL PROFILE SAMPLES ©
= X 2 7| PIEZOMETER
- Slelu|S| DowN HOLE — GEOPHYSICAL LOGGING |85 o
LY DESCRIPTION elfabis L Pl STANGPIFE
DEPTH ] e B S | INSTALLATION
(/m) t) . Q g 3
®
GAMMA | GAMMA RESISTIITY Clegreq
surface
weodliCleared surface | - §oal /
000 | ' Wik
COBBLES £ | e 2L
BOULDERS 275emt 79 |
F/Q.‘L?.‘Z____.
Z13\Grey fine sandy I
ST TILL or Em]
COLLUVILM, low o 7
oL 11\pPlasTict? 'Y, ;'ccse
29 \Brown, oxidized :
ALLUV;;UM z 217 L
Ng/=3/¥, coarse ;
SAND fnr?e |
gn:ne/ & stlty a8
gravel, compact [3]* pw ’ |
104504 o dense [ |
701 Bk
i " |38 1{{ -
Coarse SAND 1 |
» Slcs| - 1.
Jfine GRAVEL L 6 e sa ; M
' il
l ; B
Layered ,
>/rowr/ 94//?‘)/{ E H
ne SAND & 7 | |5 i
ne sandy SILT,. ! 45 1]
dense. ‘_‘»’ |
| I\
! ‘.‘ i l‘
Rig
{8 " | | ai
i 19 mm . | |
AVC pipe -] |
bl
| '-qi'l
b' L‘.'(." ‘: ’ E- ‘
Gfey layered w [l
ISAND & GRAVEL J |
ALLUVILM, i [ ] -]
very derise { } |
. "|
1o »100] i : e
| 11
J ! | |
0259 | Wl
2. ] layered [ | proo p
bllonite &
medT/LS,LAND seal =7 I
|
‘ 14
Il
Grey sandy R8I
SILT TILL, ver'y 11 1
dense = y
g
b i L1
| K
Gendpack> |,
[ s
12| " o d
101593 |
34 4] &
Grey schist Slotted |-
BEDROCK \Zemm FVC 1T,
pipe — 71
101349 [
2648FEnd of Borehole
‘;ermeabf/:r‘y:
633 X I07%
VERTICAL SCALE ORAWN ___A A

CHECKED - P& ______.




792-2025

No.

Project

RECORD OF BOREHOLE 79-22

1869-83N ; —198:86 E
LOCATION (See Figure 3 ) BORING DATE /9 Awug [979

BOREHOLE TYPE Kptary with mud BOREHOLE DIAMETER  //4 /w77
SAMPLER HAMMER WEIGHT 635 kg DRoP 76-Zcm DATUM Cleared ground surtoce

SOIL PROFILE A
s Bl o OR
2 le gl 2 STANDPIPE
- » |2} ® § H n , . " INSTALL ATION
p 9 > >
: DESCRIPTI s 2|+ z
DEPTH SeRIETICN g1 b1~ E WATER CONTENT PERCENT | ADDITIONAL
Elall2 ]| 81 £ We o . LAB. TESTING
(m) = (2|25 4 ' = =
Hla|lala w
1079-20 |Cleared ground surface
OO
Frozen olive brown Jo
g{»reiz fine sandy SIT 8%
ILL , occ. coarse sand RST1481%0b - 5F
and gravel| pocketrs \ ' 5-74
AT+
-5
" >0
. O -
installations

1070-06

914\ Erd of Borehole

NOT E | Borehole abandoned due| Tg lfss
of piflseal. Four borehioles \were
attempled wilh mud in 1hig areq,
but alf had To be abanadorned. _
Borellole 79-22A was drilleq with qir

L PK
WERTIGEE SCALE Golder Associates BH.79-22  (iecker e




792 2025

No.

Project

BOREHOLE 79-2Z2A

{: 125

RECORD OF
184084 N; -185-90E
LOCATION (See Figure 3 ) BORING DATE 2/ Aug 1979
BOREHOLE TYPE Aotary wilth air BOREHOLE DIAMETER [/4 mm
SAMPLER HAMMER WEIGHT 63-5 kg DROP 76°Zc/77 DATUM Clearec/ ground surtace
soiL PROFILE TEMPERATURE, °C PIEZOMETER
N g A OR
s | | 2 | STANDPIPE
NE AN 05 O 05 41O INSTALL ATION
e DESCRIPTION E(2|F|N| =z
DEPTH 3 ~| ¢© WATER CONTENT PERCENT | ADDITIONAL
2l Y18 e < Wp w W STING
lala|2| 3 ; o : LAB. TESTI
(m) dHHEE
Clegred
j081-90 |Cleared ground surface surface’)
O-00 | Frezen al7errczin
br‘o‘gwn & qrey fmeg N
sandy SICT “TILL, r7on- kys
lastic To low pIGsTICiTy,pad . L
—— oce. orgariic layers 19mm dia. |||
: Pvc pipe—T
244 FeEl
Thermistor ||| |
A #1 |
/ 1
N A/
Frozen grey 1o greenshiss #2 [l
gref/ sardy 5/[%~ TILL RN { ;
|
| RIE
2\3 #3
\ | Septz7y79 '
\ e’
\
: \ "l
casler drilling Z% #4 Q|
\ Il
| i
\\ Sandpac /Z__- y
106666 | BA
1524 |= organic \ I R
Dark grey sILT, non- A #5 ,l-'.
pfasﬂg cgcc cobble Cave-in
or pebble 7|5 malerial
106361 P
1829|End of Borehole
- R KK
s Golder Associates BH.79-224 &igex

CHECKED P&




722-2025

No.

Project

RECORD OF BOREHOLE 79-23

19/10-41 N ; -38772E
LOCATION (See Figure 3 ) BORING DATE 27 Aug (979

BOREHOLE TYPE /201.7;?%’ ;‘é’;gn’?”ua/ 7o 221775 gogmoLE  DIAMETER  //4 mim
SAMPLER HAMMER WEIGHT 635 kg DRoP 76-Z /T DATUM Cut ground surface

_soi PROFILE PIEZOMETER
. el W OR
2| g 2 STANDPIPE
ELEV |2 g § b3 2 , : : INSTALL ATION
. 2
DEPTH EEAINERS) g : : 5 é WATER CONTENT PERCENT | ADDITIONAL
3 AHHEE e b i LAB. TESTING
[ 4
" HAHEEE D 20 30 4P
Ground
108317 |Cut ground surface surtface @ ||
0-00 10
19 mm da. .||
lce seams To 12 mm 2 min G -35\Pyc pipe —1|"
N thickness Do.[>100 D S -3/ 1t
M+~
34
Frozen brown fo grey Bionits e
finé sandy SIT TILL, seal —
some visible ice b1 =
near surtace — o 24 ol
5- 48
WA+
Z4
sandpack
1 organic P b [
bl -G X
1074-03 5 - #5 A
9-14 :]0/?0/7/6 black fine fo e s -3¢ Wi, XN
odrse SAND & GRAVEL Wi+ |27 Sept 79 |||,
@ppears 1o be unfrozen) -/3 |
retur ]
3  cobble preumatic |||
plesormeter />
131] | NOVE:
Grey ﬁﬁf[_sa”dy LT Flegomeélfer \inslalled in
auxflliary Borebole drilled
with airl, abbut ¥4m |East
] Bowlder of 8H. 79—231
O
/06488
1829 \Ena of Borehole
NOTE : |Borehole abandoned dde P
rotting of permafrost & caving}
Hole dize at surface ~ o-71m dia

O Golder Associates BH. 79-22  OFawn L




192-202%5

No.

Project

1432Z2-59 £
(See Figure 3 )

1050-57 N ;
LOCATION

BOREHOLE TYPE Rofary with air

RECORD OF BOREHOLE 79-25

BORING DATE Z7 Aug 1979
BOREHOLE DIAMETER //4 mm

SAMPLER HAMMER WEIGHT 63-5Kkg DROP 76-Zcm DATUM Cleared ground surface

SOIL PROFILE TEMPERATURE, °C PIEZOMETER
e 3 VA OR
o w
3le gl 2 5 B aiE STANDPIPE
.2 |w 3 = 'S /O | INSTALLATION
ELEV, DESCRIPTION El2|F z
DEPTH 5 «| © | WATER CONTENT PERCENT | ADDITIONAL
2 =l e ' we B W LAB. TESTING
Slz|2|o| : v =
(m) HJHHEK
Ground
surface7
log700 (Cleared ground suriface ,

000 | Organic sSILT & debris Thermistor |||
108609 A #1 (4]
wE2 sl  Sandy siT TICL A 1|

152 N #2 |

Frozen SILT TiLL and i '
schisty T/LL f Sept. Z7/79 fip
,/ 27 sept 79 |||
1082-73 A‘ w.ie. 2L
4-27 l #20
SCHIST BOULDER \\ .
/080-90 A Zari
610 | sandy sILT TiLL \ Feltorite L
655 | seal/ — uls
) S5CHIST BEDROCK .
1079-£8 25 #5 .
732 il
| -1l
Relatively hard 15\3 # (K|
SCHIST BEDROCK \ ;
b /h #7 ‘ !
107664 |:_L1 / i
e . S ( 25 |
Relatively soft ON zﬂ\ 3
5CHIST BEDROCK p N . J;
\/\ 9 1 .
1074 -R1 A Pf fre
12-19|Ena of Borehole ST )
plesometer
VERTICAL SCALE Golder A iat BH pc, ~ ORAWN L5
/: 100 oider Associlares . 19 = CHECKED D& _




BOREHOLE

RECORD OF BOREHOLE 72 -26

2379.13 N ; 126-90F
LOCATION

(See Figure 3 )
TYPE

SAMPLER HAMMER WEIGHT 635 kg

Rotary with air

BORING DATE
BOREHOLE DIAMETER
DROP 76-Z<m DATUM (Ground surtace

27 Aug (979
/14 mm

SOIL PROFILE i ERA e R
OR
= N -
| Ell 2 STANDPIPE
. » | 81 8 b . : i . INSTALL ATION
L, E > :
DEPTH CEaERIR g : ol § WATER CONTENT PERCENT | ADDITIONAL
o W W W,
(m) E ,—:L' 7;' g E P O L LAB. TESTING
E 2lal3 & 10 o RBo Lo
06199 | Ground  surface
| OO0 |organic 5ILT & aebris =
06l . N
Brown fine sandy sILT ;?‘
1059-86 T/l L ;\' | No
2:13 :T_bor arncs —7 0 installations
oulder Borehole
, backfilled
Red brown fine To with sand,
coarse SAND & GRAVEL Borehole dry
ALLUVILM
105498 %
701 |End of Borehole

VERTICAL SCALE

/- 125

Golder Associates B84.79-25

DRAWN £&
CHECKED P&




G.B. 102

/10O

Golder Associates BH. 79-24

RECORD OF BOREHOLE 79-24
1161-dO0 N ; |222-52 E
LOCATION (See Figure 3 ) BORING DATE 22 Aug /979 PATUM C/eared ground surfoce
BOREHOLE TYPE Kolary with mud BOREHOLE OIAMETER //4 mm
SAMPLER HAMMER WEIGHT 63-5kg DROP 76-7 cm PEN. TEST HAMMER WEIGHT DROP
SOIL PROFILE SAMPLES | Y4 DYNAMIC PENETRATION RESISTANCE TEMPERATURE , °C &
= = 3 BLOWS 2B o o v i o A 3 Z| PIEZOMETER
“ S| & E z . A -0-5 o 105 HO ] 0 OR
0- w (o} A A A ' 2 L A -—
ELEVN!  DESCRIPTION - § izl E SHEAR STRENGTH C,, LB./SQ.FT WATER CONTENT, PERCENT 5 STANDPIRE
DEPTH HHERE: wp W w, 8 5| INSTALLATION
077> 5 = Q | < 3
S| w 10 20 30 40
Ground/_}
08464\Ground surtace surface
0-00| _ T 1M
Olive brown finel: ik L
sandy SILT TiLL, 2-'55
ompact 7o S-3b
dense 9 O ds =2.74M S W i
108235 12127 5ept 7512— :
229 . _ Thermisfor |-
Grey fine sandy AN 2] #1n.
SILT TiLL, [ew v /8 o \ -::/»:;a .
plasticity, \ - /7] .
fi15sured, compadt \ G- /5 |
To dense ,(CO"O'\ | v |25 o \ S 52 N
but not frozen) {N A\ i #2 .
Hr\ \
N ) 1s
N ET O b '-!I :
P \ s 2/79 A}
Jsample seems ! T\ & e ’ A A #2 | 4l-
frogen N | g 2 22 AL
107580 N \ /9 . il
2-84 mm dia. [ ] |
S ‘ PYC pipe~ "'[ ]
Grey clayey SILTT-: Al
fo sandy SILT \ i
TICL, Rard : \ '“‘i
A #4 (1
3 | 1“
k|
& 1 f
\ Al ]
NS 1 1.
o l Peltonite .
RS l seal '2’-7'!
o700/ N 1 il *
1463 ' ' \ .| -
Blue sandy 7o [N\ | Al
clayey SILT TILL N A #5 i_. .
ls788) 79 “ 1
1676 l 1
g
Light? grey 1 gandpach. 1
clayey” SILT TILL KN ]
low 10 medium KX {
plasticity, hard R g
3 Composy e shmofe formed < f
N Fropr Sdmples 2 3|land & For Petur —_|'|I
N Streng 74| FasHrg - | F=133° prieumartic
\ piezometer |
-.\»
1061:78 N
722-86|End of Borehole
(-]
158 Percent axial strain at failure
o
VERTICAL SCALE DRAWN _. 5K

CHECKED . DG ____




RECORD OF BOREHOLE 79-27
/92 . F9 N. F27. 73 L.
LOCATION (See Figure 3 ) BORING DATE Aov. 30, /979 DATUM Project
BOREHOLE TYPE Cased Rotary with Ar BOREHOLE DIAMETER /4% 77/77.
SAMPLER HAMMER WEIGHT 63.5 kg DROP 76.2 cm. PEN. TEST HAMMER WEIGHT DROP
SOIL PROFILE SAMPLES | 4 DYNAMIC PENETRATION RESISTANCE COEFFICIENT OF PERMEABILITY k, ©
- : § BLOWS/FT. o o oommm CM. / SEC. - E PIEZOMETER
9 w 3o OR
d wlal < S " . i) 1 1 i 2 1 N ©w
ELEVN  bESCRIPTION lelelgl & SHEAR STRENGTH C,, LB./SQ.FT WATER CONTENT, PERCENT £ F  STANDFIEE
DEPTH g % =1lo £ WP w WL & o INSTALLATION
e 2 | w — _,_O_______‘ qg g
n @] 4 =)
w
lo6b71| Ground Surtace
0.0 |Browa peaty ORGANICS|QS T
o046 T g d
Browrn SAND and g 9
GRAVEL +race Zls
stlF OEC Saraly Plg
layers occ. /:
cobbles gls
/ -
L i
3.66 . di®
Brown Fine +o A
cogrse SAND AL
some grave/ al’
/060.3] A
6.40 1
Brown silty cuttings W[
SAND & GRAVEL back fill-£41
518
g
r9mm A
aiGmeter B
Pvc pipe  A]]
1 1
d ”
d =
: »
1
A pas
: »
A
water K
level =L
Dec. 11,/977 W |
(Elev. /052.2/ : 1
meters) Pls
A
: L
104842 gls
/6.2 ‘ gl
Brown SAND and : 1
GRAVEL Furning gl
brownish red D
at elevation U
/042.93 m. 11
d 1
L~
1
Fumptig Approx . 2o | g a7 )
- =
(73 V/seq) gy
: ; »
gl
dll&
: »
ALmp iy Aaprex| /00| g. o4 [
Ren p ] 1
y 1 %4 e, L
10384 | 6 //S Lo g u
® 126.66 | Grey mediutrr 70 ! & = Pl
12878 crey sandy SILT AL
o363 77 T 1] fly
2788\ Brown sandy S/LT i} AL
o356/ “ sli
3./0 [ &1 :
Browr) silty fne |41 - A1
SAND occ. grave/ it : §
occ. sand and [l /pz//n/a/'ﬂcy Aeprox.| 3gfo.r» gl
’ 11l 201" 1 A
gravel Joyers L f2d i lree) AL
198 AL
405 A1 L
1 =
14 Peltori fe
1L seaq/ —
2. LW . N >< N
Uiy Approx| SO7| oo 7. 2 S
jo2dcl . 1 o7 y | <
38.0/ | Brown SANDE GRaIFLL iR (5 o i { o
S|azEl . Ji232 ' S >
Brown 51ty SAND §it Cd [
R q
oce. 7rque/ L 2
l025.85 3 b R
8BS rown sty fine R caveg-in ><j
sanp furning I miteriol-13K
grey qt elevation il == E ]
/3223?7; LA ek AL 11 Fukmprr Aaerex| S o7 or Yess ¢ :
i Weathered schist /0.5 /,/_S<fC',’) <K
EDROCK i1 a b <<
LTUl-like matrix ; >
>
' N
, N
i : P N
| S
| e P
10/9.51 " d [
4720 | " & B
| Greenisth grey e ,‘Ef%%’fac
| schist BEPROCK i\ -
: e tted
‘. hoge 70 ated Ferlirr | Sloite i
; = ] 25 mm
| o PC Y pipe —4:
F\‘_‘f\I caved-n
/0/4.98 Ak materia/ |
SEB3| g of Borehole
°
18>S Percent axial strain at failure :
11 x
VERTICAL SCALE . DRAWN __ KW
, Golder Associates s~ 79- - et
/125 GH. 79-27 CHECKED . D& ___.

[ ]



o SR

{125

U i | ‘ \
G.B. 102
PROJECT No..722 2025 __
RECORD OF BOREHOLE 79-28
Lo56.32 N FI0.F8 £
LOCATION (See Figure 3 ) BORING DATE Dec. /[, 1979 DATUM Froject
BOREHOLE TYPE Cased Rotary with Alr BOREHOLE DIAMETER /<1 m. /7.
SAMPLER HAMMER WEIGHT &3.5 A’? DROP 76.2 <77 PEN. TEST HAMMER WEIGHT DROP
SOIL PROFILE SAMPLES 3 DYNAMIC PENETRATION RESISTANCE COEFFICIENT OF PERMEABILITY k, -
= = § BLOWS/FT. @ e e = = CM./ SEC. :‘1 E PIEZOMETER
C e z w
o (_LJ &:J an | < S i n i 1. i i i ) i o w OR
| DESCRIPTION mlel 2]yl & SHEAR STRENGTH C,, LB./SQ.FT WATER CONTENT, PERCENT £ i STANDEIPE
|DEPTH S1Z2lcta] = Wp W WL S g | INSTALLATION
o 2 ; w % O d q g
w -~ % o 1 g
w
065.17! Ground Surface |
=1 3 B
Browrn SAND
O30\ GRAVEL with g/ ;/
|\ some organ/cs AL
/06345 - A
mﬁo«m;andy GRAVEL Vi g/
LA
-1
//‘
j/
Brown S//ty s
| SAND & GRAVEL Al
\Layer of grey .
isgndy sIlF at Cu?‘/;/’/}gs ; B
L elevgtiorn 1056 0 bocktll —g 4
merers g A
E »
; 1
| Al
;/
1
j,
/9 m.m. AT
drameter | Al]
pvC. prpe Al
(A
;w
’/‘
A
Pl
A
- 1
WL L. -S?_: l/ 1
*
Dec. 16,1977 1 W
/n s tandoipel” |
Elev. /05267 |
meters -1
;/
B
we =L
Nov- 31,1979 ; 2
durin Plg
arillirn Ble
Jev. 164957( |H
E/Saferjg 7//
e gis
{ 1
i Al
/04535 A
/9. 1
7.82 Brown SAND g g A
GRAVEL oec. | d
silty sand Jayers =) AT
. 20777 Aoprox | oo—yse o o.
tarning  brownis 1P - |~ 772 AL
red at elevation (6| £ /Fec.) 1]
/1036.85 mefters L1 B
O.45 m. diamefer : ]
Lovlder encountered I
ot elevation gl
J036.77 mefers Plg
Bls
3
d LA
] 1
; §
L] / 1
/ 1
/Oamp/'rg /‘5{7{9/0/-0)(. /&5> = j:
! ! / Vi S 1
(= ST = i
/ 1
;/
Blg
A
g’
/03255 A
F2E2 \ Grey wearhered -' -1
schist BEDROCK %\ 7z ~ : g
n clayey Fill-like Y L
matriy 4 &1 1
R L1
/03011 VY 2
35.06 _ -] - L
Greenish grey Loy
schist BEPRock [N = . o L g 94
BN Y7700 oM . Wl
e PG G - < & \Sand pact |
| 23 1/ 54/ Filter2
7-! Slofted 2smm | #
1025.54 N eral
3763 gng of Borehole
-]
150§ Percent axial strain at failure
10
VERTICAL SCALE’ ’ DRAWN ___ S W. . _.
Golder Associates 5+ 77-z28

CHECKED .. L& ___.

Rk




G.B. 102

| End of Borehole

-]
15<)-8 Percent axial strain at failure
io

PROJECT No. 7ZE£_ 2225
RECORD OF BOREHOLE 79-29
P250.56 N. 559./7 £.
LOCATION (See Figure 3 ) BORING DATE Dec.2, /979 DATUM Froject
BOREHOLE TYPE Cdsed Rotqry with Air BOREHOLE DIAMETER /49 m./m.
SAMPLER HAMMER WEIGHT 635 X9 DROP 76 2 cm PEN. TEST HAMMER WEIGHT DROP
SOIL PROFILE SAMPLES | W DYNAMIC PENETRATION RESISTANCE TEAMPERATLIRE — °C& ©
g BLOWS/FT. < Z
---------- I =| PIEZOMETER
E N o o5 o .5 z5
(—LJ @ W L\L S L 5 i 1 1 1 i L A A 9 w OR
ELEVNl  pescripTion || B[ 2| 2| E SHEAR STRENGTH C,, LB./SQ.FT WATER CONTENT, PERCENT £ Fj} STANDRIPE
DEPTH | = 2| < W 8 5| INSTALLATION
x|2|(+]9| 2 Wp w L S o
-1z -4 w ISl e 1 g g
7] m . | | e 2 3
w
| Gravel pad
/084 95| Surface
Q.00 e ;
| SANDTF GRAVEL Cuttings AL
| FraL Backfrl ] :
Fop~ 1 A
O _ 70!///7;5/, A j ]
)08/ 90 - —Wardfr 5 /p 80 | ]
395 Brown medium , + ; ]
';5’,359 Jo cogrse SAMD . . ’ AL
: -~ = ~
é :\ 7race gravel | ~4 \A\ i s fl g
{ L1
Browrn SAMD \ iggrh,’;fef ; g
/
& GRAVEL | \ PV C pipe—Lad [
| | \\ 1 LA
; L1
| \ 1
j : o | \. V/'/
732 » TR | &2 TS
| Grey SilTy SAND T \ \ peitonit
| \ AN TP TENE
\an<q GRAVEL TiLL ;O \ sea/ .
i S 2 : Soncpack ||
\\ rer —
\ g
‘ 'c b J # J
S / |
L9 ,/ - y
1073 3b R
/.59 ~ 3 / l\;“- ;__ T
greenish grey .17 / (e PEs 10,1978 1,
- AN [Eled. 'a73.35 m2) | ||
schist BEPROCK | e /
{ 4 b il B e / Peltomte
‘ - Ve rs WY i seal
s 7 i . -
ty / sqnapack |||
| & ! Fiirer —t -
| g o | b
l - é #s5 | g
‘ slotted |
'\/ 72 ” 25 /77’77
/067.88 AP PYC Frpe —T7H:
17.07 Bore hole dry

during dari/l
pDec. Z, 1979 "7

VERTICAL SCALE
L3425

Golder Associates 2.~ 79-29




G.B. 102

PROJECT No... 725 2925
RECORD OF BOREHOLE 79-30
2/38.07 M. S2L03 £
LOCATION (See Figure 3 BORING DATE pec. 2 &3, /979 DATUM Projec?
BOREHOLE TYPE Cgsed /?o'/‘ary with Air BOREMOLE OIAMETER /4% mm
SAMPLER HAMMER WEIGHT &35 Kg DROP 76 2 Cm? PEN. TEST HAMMER WEIGHT DROP
SOIL PROFILE SAMPLES ﬂ DYNAMIC PENETRATION RESISTANCE COEFFICIENT OF PERMEASBILITY k, ©
- § BLOWS/FT. o o= = CM./SEC. 32 2| PiEZOMETER
o b z 5
b eV ‘—LJ a:) wl ~ S 1 i P 2 1 i i A L =] w OR
DESCRIPTION |k | 2| %[ ¢ & SHEAR STRENGTH Cy, LB./SQ.FT WATER CONTENT, PERCENT 5 Fi STANDPIPE
DEPTH a| 2|~ g W W Q | INSTALLATION
v =] [} P w L Qm
=k Z -~ w -~ . ! qd g
m o i | ./ - ]
w
Clegred ground
/06073 Surface ! .
.00 tp1 A |
Brown =17y [ L1
| SAMD some I{f ;j L1
grave/ }[f— T ws » P ;
*.:.f; 7 7).177- / j
f { diameter A
3 ‘l:':' pPUC pripe P
il =F
{ AL
s it g
ST | A
| o % %
| Brown SAND ; 1
| FGRAVEL oo |, o Z U/ ;‘
{ =/ sand we. Y
|s//ty san L’ilq | Dec 10,1979 1M
/,.?"‘ g gy ) L7 _<fan?ppe/ ~
|@.3m boviczr i =" t:”cere/:jl L ;
Lencountered at | is l C’; ;
| W W. L 4
clevation /052.3 | o < B
,‘ = Durr 1
| 2 Grilling. E)ev.
| i sl ]
i e Peltorte
-?-_".- seal )
Sendpack
/047,01 20 Flfer —
3.7 R
2% N
, =N
| Grey sanve & N
| GRAVEL  TILL »9\ = 1
: O3 Fumping| Boprox. /56 ook
|oce. silT layers NG AREl =2 7.4 ;
i ‘&Q; (2 l [fsae) ’
4 Ny B2 , il
&\ | Fellfonifre
N Seal _..H
A:.x:.'- T l
NS
: e
/04122 | o = '
/7.57 | - Fump g [eerox e -2 *,?‘7}‘36"“
{ e 3 :
 Greenish grey |- ‘o 3 /s )
|[ sSchist BEDROCK| 1751 ~
\/\
m/’\
-
/\,'- Slotred
N 25 "
ol e —
1036 34 Lij — . PVC prpe
24.39

End oF Borelole

o
158 Percent axial strain at failure
(X -]

VERTICAL SCALE
/o725

Golder Associates s+ 79-30

CHECKED _. PG _____




G.B. 102
PROJECT No. .772 2025
RECORD OF BOREHOLE 79-3/
I 796 72 A S3L./9 L.
LOCATION (See Figure 3 ) BORING DATE Dec. 3. ¢4, /979 DATUM Project
BOREHOLE TYPE Coseq Rotary with Alr BOREHOLE DIAMETER /<9 mm
SAMPLER HAMMER WEIGHT 63.5 /(9 DROP 76.2 cm PEN. TEST HAMMER WEIGHT DROP
SOIL PROFILE SAMPLES ‘:‘, DYNAMIC PENETRATION RESISTANCE COEFFICIENT OF PERMEABILITY k, 5
BLOWSZET - cmmm e = CM./ SEC. -4 Z
- - 3 x Z| PIEZOMETER
§ - t S a2 2 i A 1 A L I i ° 3 OR
EEV™  pescription || 8| 2] g| & SHEAR STRENGTH C, LB /SQFT WATER CONTENT, PERCENT E &1 STANQFIRE
DEPTH | 2 g 8 L | INSTALLATION
s[{5|~|a| > Wp W e o
o I al Y - -O- X =
= w O o 3o <o -
Cleared Ground
105342 | Surface
SO\ Brown s1/ty SAND 1
s052.7/| Trace clay ]
0.9/ | T I
Browr SAND Dpueréngdr//gny | A :
& SRAVEL e 2 ]
/050.88 W.L. _2.. :
/§573€27 Black silty SAND " In Standpipe -1 »
335 |\ & GRAVEL Trace Dec.10,1979 :/
\0r90”’C5 / (elevation A1
. o j051.02m) i A[]
§ 3 " -
Q[reyish black i /(0]5 & f /z VE
organic v 69 olg
B P Brgarnd (2r77q77 O.8RC- < i
[04-6.9/ ' S :,
671 | Grey clayey SiL7 : =i
Trace orgarics - N Alasrie | o sl 1
% =
oce. grave! Q) e =
/045.98) Wwr- s6 C 1
BER | e SAD ; . /10 ; :
E GRAVEL =
& Bl
4
104264 A0
0.98 . ' ), 1 »
Brownish-red 11 /04//77/0//79 MAeerdx. 20-50 | g 4 77 1]
) RRE 5 1
Sity  SAND i (/-3 | //3ec). A
oce. gravel/ L LA
2k S oG AAprox|  SOolo- o p7 _ gis
154 i I i (4)/‘7‘//7 s LA
1 (3 //-ffC") bac A£F7// 1
§ Z’K ]
A 7 087 T o oprpx. SP7 . /77 o5
/03807 2 s i ‘ i 10
o Browrsh —rec (5’ - //5&3:") ; g
SAND arnd 1
SRAVEL E g
B I
: T water sarole | Fofep E A7 9 g -
=
| A 1
L= -1
/%/m/o/}vg Approk. solo. o 47 -1 :
v =
(So L sec) . 3
|
L1
= 1
1
j »
1
;/
A
|
1
14
7 :/
‘WOfek Sapple YaoteAaF o+ 2. 11
L1
{ ; »
102710 “ ; w2 :
2652 , { ols
Grey SAND & T:/
GRAVEL Some Z =1
1
st oec. silt g
A2, IH
& sang /fayers 21787 TP i = =y 1
i 1 1
1
/6 /£, 55() =i
-4
1
S wolter Somple Zatkn or | so. a4 1]
sis
=
| A
;"’/
o=
= 1
, 1]
/ 1
L1
/ 1
o 1
:/
iz
gl®
T wag7ler Jg/;r;p/p 740,‘46/7 0/( Sk.& 4 1
1
[
o =
/0/5.5) , 114
381/ _ " 30077 GEprox. | /5o ~l2oo o 0. 7. 11
Learhered schist 7 1 }/
BEprRock 1n a e //Sec) j -1
1) ke  maitix - B
Peltor: e
sea/
i \Sang pack | .||
//ter — ||’
/00972
43.90
Greepish grey
schist BEDROCK
N Siotted
o zs mm .
/0042 84 S K72 I PV pipe —>
4678
Eng of Boretole
Q
1508 Percent axial strain at failure
1o
- VERTICAL SCALE ] = DRAWN =W
o s Golder Associates 5+ 79-3/ i




G.B. 102

PROJECT No._ .72 foz2s

RECORD OF BOREHOLE 79-32

/578.76 A/ L3542 £

LOCATION (See Figure 3 ) ‘BORING DATE Dec. 4, 1979 DATUM pProject
BOREHOLE TYPE Cgseq Rotary with Ar BOREHOLE DIAMETER /P mm
SAMPLER HAMMER WEIGHT 63 5 <9 DROP 76 2 cm» PEN. TEST HAMMER WEIGHT DROP
SOIL PROFILE SAMPLES 3 DYNAMIC PENETRATION RESISTANCE COEFFICIENT OF PERMEABILITY k, i
- v § BLOWS/FT. _ o oo o CM./ SEC. :ztlé PIEZOMETER
g [+ 4 w L: S 1 A A 4 ] ‘ g = ] = B - 9 m OR
ELEVNL  DESCRIPTION - § s181] & SHEAR STRENGTH C,, LB./SQ.FT WATER CONTENT, PERCENT g»— STANDPIPE
DEPTH HEIMELE Wp w WL 8 & | INSTALLATION
- 2z - w —_— O 4 a4 g
) ©| J ’ O- —4 <
w
cleqgred Growrnd
085.37| Surface
000
Brown SAND &
Gravel! T/LL
=I'C. &
/082 63
274 |
| Greentsh grey W Dry
schust BEPROCK |/ ]2 |ws
’oc‘c silty [ayer L‘
| ,\’\
P—/> -’ =
4,
1077. 44 f
7793 | £nd of borehole
|
|
|
Q
15§ Percent axial strain at failure
X-]
VERTICAL SCALE . DRAWN ... R w. ____
fog B Golder Associates 54 79 32

CHECKED - . D& .. __._




G.B.

102

/033.95 .

Brow”n SAND
and GRAVEL

20.(2

Greenish Qrey
schist BEDROCK

/<5

75

/04//:?,0//'7? R 74

2o HFo - 2 7.

Sr7Cc AT S 177

/ﬁe

(3¢ fsec)

= fecr

PROJECT No...792 2225
RECORD OF BOREHOLE 79-33
ST7ELT. ES N B0/ LS EF
LOCATION (See Figure 3 ) BORING DATE Dec. 5 97Y DATUM Project
BOREHOLE TYPE Cased Rofary with Air BOREHOLE DIAMETER /49 /mm.
SAMPLER HAMMER WEIGHT &3 5 K DROP 76.2cm PEN. TEST HAMMER WEIGHT DROP
SOIL PROFILE SAMPLES ‘_‘J" DYNAMIC PENETRATION RESISTANCE COEFFICIENT OF PERMEABILITY Kk, >
- = § BLOWS/FT __ e . CM./ SEC. :z’, E PIEZOMETER
S x 8 s L 1 A 1 N _ i 1 3 N O tﬁ OR
gl Elwl~] & F +| STANDPIPE
ELEVNI  ESCRIPTION clelelgl & SHEAR STRENGTH C,, LB./SQ.FT WATER CONTENT, PERCENT =
DEPTH | 2| > < w w W 8 | INSTALLATION
x| D o [ ] L @
=l Z a2 w — -O- — <<«
7] ~ Wy
w ) ) Jo SO
/054,07 \Cleqred Grourna Surface
000 Frozen sanady SILT
OBO '\ troce clay Tt
=
Brown  SAND 54— .6
and GRAVEL
/05) 32 z. o2
2.7
4 2 “ O S5 8
m. F2
Grey fine sandy c- &
SILT Trace clay Orgariee Qrienr |/ /2 Y
oce. grquel Fracefdtt 2] @
organics /n upper i} Slam
portion Ha s ] 9
RERE
i
I Orgonfconeqt /2|5 /&
: _1_‘3_"4 we O V- 74
\ | B @23 3
NOTE 3
3 s , O Stanloipe
i Plezometer, vk
- Croorg (omtens L1028\ S- /3 L .
3 } Fa -)/V:Dﬁ’ s e m 77 YHESO b
— &> 0 oy
] ‘ thermster set
1 3o
1H+-=-no| /4 9 were destroyeq
1041.27 | VYZ¥L. 3 i y
o —— : aler (Somyg aker aring (nstallation
Grey S/'//'/v Lol Ghe Sirk
SAND and Fumping | Meprox. & —rool|g 0. Water feve! 1
: ¥ Lorefo/s encourn-
1z- //
| GRAVEL . é /A 5‘-“") lereq a7 about
l elevation /o057.02
] merers  doring
arilfing Dec s,/97
//0732.;9 /04//77/9//75; ATO IO SO+ 00942 . 4 i

102907 Walek sample Fakern & 25.0 7.
25.06
Eng of Borehole
w-&-! Percent axial strain at failure
10
VERTICAL SCALE v . ORAWN .__ KW/ ___.
P Golder Associates 5.+ 79-33 cHECKED. DG




G.B. 102

PROJECT No...7.7Z_2025.
RECORD OF BOREHOLE 79-34
=177 FF N — 2300 £
LOCATION (See Figure 3 BORING DATE Dpec. o 1979 DATUM Projecr
BOREHOLE TYPE Cgsed Lofary with Alr BOREHOLE DIAMETER /<9 »mnm
SAMPLER HAMMER WEIGHT DROP PEN. TEST HAMMER WEIGHT DROP
SOIL PROFILE SAMPLES _“_‘,' DYNAMIC PENETRATION RESISTANCE COEFFICIENT OF PERMEABILITY k, &
= - 3 BLOWS/FT. __ ______ .. CM./ SEC. 3 2| PiEZOMETER
8 w g N OR
ELEVN glElwl~| 8 ' . y : . ! p 5 : F | sTanopIPE
DESCRIPTION -l @ & ; ’; SHEAR STRENGTH C,, LB./SQ.FT WATER CONTENT, PERCENT =
DEPTH AR R wp W W, S & | INSTALLATION
-1 Z - W i O 4 q g
" m _J | o ~ ol i
w
/04¢'01 GVOUnd 50’%‘0(6
220 \Brown silty SAND '
Losa. if\o’"“' clay, occ gravel | -_[ ]
o917 ’a.;
Reddish brown T s,
SAND & GRAVEL g
2 0
"
.-';'-2 S el — |
762 | Brown STy SAND 5 0! HE S
LIl 7 1ES
St occ. grave/ 7 ;
Grey silty fime ¥ o) o ’ '
1o mearnd sane [, Rurlg e =y S o oqe | £os 1779
lw—ace organics < LY sec ReEr77cs 1725
/it
/232.3
0T | Brown silty T Bore bol/e
| fine fo coarse 8
: SAND b
/0 36.5" q =1 -
/2.50 - =
Grey clayey SILT
someé sand
|
] (4
|
/23.9 |
/7.07 3
- Brown silty :
SHND & GRAVEL # Fedrmprhg Aeprok. 2ol o onm (Z| 4/ /508 )
| so|9.em (3 //sm:)
/2285 "
20:43 Lol ter Sammple JTaker o7l <2/ 3z 78 —700| o 0. .
Brown SaAnp F e ‘ / - Z o )
GRAVEL (5-6 |/ /5cE)
" Pz/x??p/}vy oo rax. /oo-Aso .o
(s-5| / /ﬂc il
"
022.77
26.23
-]
i 1508 Percent axial strain at faijure
e
VERTICAL SCALE . DRAWN __ . S&7:
i Golder Associates s+ 79 - 34

CHECKED . D& e ..




7222025

No.

Project

RECORD OF

/709, 7 N 258.5 E

BOREHOLE BH s0-35

NoTle s

CL 7 rrmos becaore
wer art et of abow s
S S D/ Ao Fo be
Jerm1rna 7l e Fo
warer 1Yo whrress
Legas7 o7 Gbos7” 7 b s
Tgeo7s?.

LOCATION (See Figure 2 ) BORING DATE FAe&b. 20, /980
BOREHOLE TYPE Ko7ary wi//? arr BOREHOLE DIAMETER /OO /77,77
SAMPLER HAMMER WEIGHT 140 LB. DROP 30 IN. DATUM (C/eared oroL/rid) St jace
SOIL PROFILE PIEZOMETER
OR
= w
2 le 2 STANDPIPE
~|2|8]|6| @ e i INSTALL ATION
ELEX DESCRIPTION |2l |e] =
DEPTH| El 1 ls) 2 WATER CONTENT PERCENT | ADDITIONAL
Prre tres) Elalz|g] s e 1 Wi LAB. TESTING
—_————
: o w
E 1 ; 2 & /o o 30 40
1056.08| Clegred grow/nd St riace
2O | Brown, organic S/t7, some | 3% sertonite H
os |\ Lov/ders seal
Ligh# Lwrr. SILT OCC orge
loyers, QRoears 7roier? ol | =
105538 | J cobble Sarmc oo |||
i/ oerer B
and GRRUEL T/LL, Some o /;’ AL, bl
SI11, porelos7re, mareh 8/8o~ |||
oOrcas/ora/! Sand Cove 177 E
poC fe7s. 7 Feriol (23 .S
/o &2 08 G5 Ss/oMfed/
e Grey, fine, grove/ly i?‘g ‘f/;’: <
V047.98| s/r' 7 T/LL z O & O =
8./ £Ena of BorerHrole werter (evel Lr

Oper) ~ole a2/ Fer

arillrg Lo
Jlrr al deplt
= /5077

VERTICAL SCALE

V074 B

Golder Associates s+~ sp-35

P u.

&

DRAWN
CHECKED




No. 752 2025

Project

RECORD OF BOREHOLE &4 K0-36 _
1776.7 N 250-2 &

LOCATION (See Figure 3 ) BORING DATE F~&b. 20, /SO
BOREHOLE TYPE /’g;ofjf}g Z’/;/;?%Z;O F 77 BOREHOLE DIAMETER /OO 72/77.
SAMPLER HAMMER WEIGHT 140 LB. DROP 30 IN. DATUM (/P/ET Grow/ricy SL/t/ace
SOIL PROFILE PIEZOMETER
K OR
S 4
e 2 STANDPIPE
- ~hele § @ i . § i INSTALL ATION
I > >
: DESCRIPTION ez |+ |uw| z
DEPTH Elolwl~] 2 WATER CONTENT PERCENT | ADDITIONAL
 frerres) El2l2lg] 3 We % WL LAB. TESTING
e |2|=]|9 w v e -
; :’ 5 = w /0 2o = do

052. 73 | (Yeored grotlrIg srfzee

/o?z.ofj Lrown, 7ree SaAASL

o6 Erowr? SENL arrd
GRAVEL (G 1) yy

/050. 03
27
Bromr? SEND o
GRAVEL (alfauridrrm) Ao
Solurated No |testing Jrrsiala 7707
Slckets of Lrowrs
Sty Srre SAND.
/040.53
2.2 Stondpplé. ir

L oF Lorersoe cavea Fole

SIIOWS Waler
Level /3

L. 9. 5.

areh E/80

. L.
YERTIEAL SCaLE Golder Associates 5~ s50-36  Jftereo e




No. 7% :2_2_0_2_.5

Project

LOCATION (See Figure 3 ) BORING DATE /feb. lo /580
BOREHOLE TYPE /Colory wi7/7 i+ BOREHOLE DIAMETER /0O 77/77.
SAMPLER HAMMER WEIGHT 140 LB. DROP 30 IN. DATUM (/eores grauno’sz/rface
SOIL PROFILE PIEZOMETER
OR
5 w
, 7l 2 STANDPIPE
~|2|%|5| @ i . i ; INSTALL ATION
ELEY. DESCRIPTION El2|F |2 =
DEPTH & ~| © WATER CONTENT PERCENT | ADDITIONAL
O |wlw| | F Wp w W,
haetres) ElZ208120F = d A . LAB. TESTING
é HHEHE - 0 -
b ; b ; w /0 Zo Jo 40
1053.41 | Ceored orowrd surfoce
k= LHOUIrD, OF s/ e .:"" Benfonrie i
o3 |\ s/7, S pers / \? P aly
Lroowr? SEALD o X -
Voss. 7| FRAVEL 77224
27 ) O Sond oo
Grey, 5117y SAND T7LL RS . I
s terloyered wirt? ' Back 71/ 2 7~
TS5y (G- [ | Organic O i
grey 70 block 20\ /0|55 14 | content =\1./%
. W= 70
orgari/c S/t arze c=15
Frrre sorrd
SlolVed |
S0 2Smm. PUC |- |-
] lo45.3/ 20| /9 e =2.~17.H.
8./

7. TN Foo. @ &£

RECORD OF

BOREHOLE B H. 80-37

Note -

& 7 17D

£ro of BorehHo/e

Lricowr 7ered
Frrsl woler ar adeo’#

[ 2777
rMorelrr /8o

VERTICAL SCALE

/125

Golder Associates 54 50-37

DRAWN

2.
CHECKED DG __




2225

¥

No.

Project

RECORD OF

BOREHOLE

BH. &0 -38

L215.32 A </./7 £
LOCATION (See Figure 3 ) BORING DATE Fceb. 2/,/9580
BOREHOLE TYPE So/ary wi7/7art BOREHOLE DIAMETER /287777
SAMPLER HAMMER WEIGHT 140 LB. DROP 30 IN. DATUM Ffor7d /ce SwrioceE
SOIL PROFILE PIEZOMETER
= OR
° o
~ a STANDPIPE
~|2|¥|6] @ . i ¢ A INSTALL ATION
ELEV. DESCRIPTION e (2|52 =
DEPTH g Ml 2 WATER CONTENT PERCENT | ADDITIONAL
(metres) Elal2| 8| § We s WL LAB. TESTING
x|Z2(=(S| & : O 1
hla|a|a l
Jogg gs| o /ce SUFFaCE
0.0
P - S seosora/)
<V
o 0/‘70/7/6‘ oebrrs oo G Ao
OroorIC Silt [Frozer) Fo .
P [1FRgevy) /175 7T /2706773
2. ;
7 N senD ane GrAVEL
/it 72, L7 FrozEr?
SOLSL .25
2.5
Erned of Bore ro/e
No/e s
L Woter errcollr)eres
177 SLES rorFre/
DPOUSITS [~ OO L o)
ot o devrH of /.57
Oy Fowes LirTEr
Oor/es/arn Pressare
probally e 7o
cor Fiaeren’t by
Swrfoce /ce
Err Adorc/? 2/ P50
Loretrole sims ST
oper? Frroug’7 /e
I rca g Cer? 212400779
How go Fhe boresole.
VERTICAL SCALE . DRAWN _Au/-
s Golder Associates 24 s50-358  checkeo Dé




No. 77222925

Project

RECORD OF

2/98.99 N. <t/. 94 £.
LOCATION (See Figure 3 )

BOREHOLE TYPE AoJary wi7/7 <rr

BOREHOLE &G~ s0o0-384~7

SAMPLER HAMMER WEIGHT 140 LB. DROP 30 IN.

BORING DATE Sfeb. 2/ /850
BOREHOLE DIAMETER /2O 77/77
DATUM Loy /ce Sewrfoce

SOIL PROFILE

Lo of Sorero/e

Nole :

LiaTer erncoc/77/erer
17 SLlstar? 7o/
Q7oL TS [~ /00 £ e 2,)
o @ deortr oFf /57
O SToWEF L7 EM
@r7ES/0r7 PIrESSLFE
probadly ae 7o
comfiremen ” O oy
Sswriece e

O Marer 2, /980
/CE SrSoce woS
clrosed over Dorefrole

PIEZOMETER
OR
5 w
?|e = STANDPIPE
2|85 @ . . i : INSTALL ATION
= DESCRIPTION El2|F |2 =
DEPTH Elolel~] 8 WATER CONTENT PERCENT | ADDITIONAL
o w W w
El212]18] P L LAB. TESTING
[77e7+es) AELE § ; e iy
Bla|&|a| @
028.9 | Sl Jr€ SwFSoce
el o e, (S senrperl)
o5 - — =
2227 L Lrozer) orgar/C SI/AE AT
e —\dfwf/'s, S7r. LoOIE OS5, L5
Arobably Si/Fand Frize -
/0ﬁ7 21\ SO0, L7frosEs s IS 7N T3
7. :
Black SEALL crrer GAPVEL |
QI 77, TrorE of g- i)
orgas?/cs VT ol MtC=5
/023.9 5 < po| 23 Crgam/c con Zer 7" D. 2/ %
s

VERTICAL SCALE

R Golder Associates s~ sv-s5~

DRAWN L.
CHECKED D&
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No. 75

Project

2/53.38 N. 2198 £

RECORD OF BOREHOLE &84 s0-39

LOCATION (See Figure 3 ) BORING DATE Feb. 2/, /980
BOREHOLE TYPE So/ary wWi71h a/t BOREHOLE DIAMETER /20 .27./72.
SAMPLER HAMMER WEIGHT 140 LB. DROP 30 IN. DATUM C/eared grourd Swriace
SOIL PROFILE PIEZOMETER
- OR
o w
3| 2 STANDPIPE
~(2|8(6] @ P . " INSTALL ATION
ELEV. DESCRIPTION sl2|E|e] =2
DEPTH 8 <| © WATER CONTENT PERCENT | ADDITIONAL
© w w [ W, w W,
Ela|a 2] 3 P L LAB. TESTING
/rretres] sle|s 3| & et
- |la|la| 2 o
n|n|ln o

1048.84| (/Ec+ES Growrrad syriazce

0.0
2= Orgo2/E SILT;
preces of wood ard
ICE .
/O4b- 34
2.5

1 Grovel anad Frne #o |
med. Sana, Fro3er, ory

fro3E57 SEND aﬂo’é?ﬂo'éJ Q0
774 L )

1022.34 | BeEComing L/miroser?

LBack 117/
wr?h sard |

ﬁ.{ Q/‘ﬂl/e_/zz_;_:‘.

i Eno of Loretro/E

No7e -

b Ter was
encowr? feres o
Tepo P abo S E77.

opesr /70/e
walrer sfeve/
7" o077
=Wl

Frozer alt a’ep#
l2 7
Norchr 8, /280

VERTICAL ~SCALE Golder Associates_s+ 50-39.

| /25

DRAWN Lu
CHECKED DG _




7922025

No. =228

Project

/3. 5N 7.5 €

RECORD OF BOREHOLE g+ .go-<o

LOCATION (See Figure 3 ) BORING DATE Feb. =2/,/550
y ; OREHOLE DIAMETER /20 mm 75 2 >
BOREHOLE TYPE AD/wry wirtr <+ B reppliil g
SAMPLER HAMMER WEIGHT 140 LB. DROP 30 IN. DATUM  Vegred orowrd Surizde
- B OR
o w
Jle a STANDPIPE
~|2|8[6] @ ) i . . INSTALL ATION
ELEV. DESCRIPTION El2[F |2 =z
DEPTH < <| © WATER CONTENT PERCENT | ADDITIONAL
] w w - w W W
(metres) tle|d| 8| § P L LAB. TESTING
RS , S —
ElZENED o E 10 2o 3o Ao
w [7e] (2] o
/049,11 | ¢ /faffo’qfoz/ﬂo’jz//'fafe
2.0 ) Sore & :
/}éjfﬂ OrgIE ST, raver l:
OIECES OF a0, /= T ’_: .
e | S Fois. No |testipg o ~Pre |l
=T o —2—Fll:

5.2 L7y o LoreHro/e

Aore
L7 EF LTS
CruvorrEres’ o

TEotf o wboet) F.

Frozern at /.57
Narel) F /EO

VERTICAL SCALE
S22

Golder Associates s~so-«o

DRAWN PastZ2ZA
CHECKED _DG&




752 Lo2S

No. 727 €&«

Project

RECORD OF

BOREHOLE &4 so-<«/

DCD. 5N -8.6 &
LOCATION (See Figure 3 ) BORING DATE fe=b. &, /93
BOREHOLE TYPE A~olory w/il/lr a/F BOREHOLE DIAMETER /20 7,77
SAMPLER HAMMER WEIGHT 140 LB. DROP 30 IN. DATUM Cimaree omrlind Su/riac e
OR
5 w
. =N 2 STANDPIPE
~|2|8|a| @ \ . | i INSTALL ATION
ELEY: DESCRIPTION El2|F|C| =
DEPTH El dal=] 2 WATER CONTENT PERCENT | ADDITIONAL
© W W,
Vazzs) Elafad 2] g N T LAB. TESTING
| 2| = o
e la|laq | 2 a /0 Zo Jo 4o
w|ln|lon @
Ermom LUC
1043. 16 | CTEwred grou 70 sarroce FR E ey
LC | ro3ems -SEAD o &— Al
G RFTUEL Sard & :
1047.75 No | testing grave/ -
: 75 \mm 4 -1
{22 g5l Oroorve s/t o cettis [P0 3 Dok 714 2 o
046.85 ¥ : "y 75 lrom o 1 1
¥ /77 37 AT
Z3 i iz i inid Pl s Fozen at L.32m

Erred oF Lorerro/e

Ao7e:
Waler errcourr/eres
a7 obowS =2 7
o 7,7,

March P /B8O
|

VERTICAL SCALE
E A HEE e

Golder Associates s~ s0o-<

DRAWN A
CHECKED DG _




72 2025

No.

Project

RECORD OF
807.¢ N 303.9 &£

BOREHOLE & #. &so-46

BORING DATE Feb. 22,/980

LOCATION (See Figure 3 )
BOREHOLE TYPE Av7ary wi 7/ mud BOREHOLE DIAMETER /20 /77/77
SAMPLER HAMMER WEIGHT 140 LB. DROP 30 IN, DATUM Grow/ 7 Swrjoce
SOIL PROFILE PIEZOMETER
OR
5 w
" ? e 3 STANDPIPE
~|2|%]|6| @ PR A | INSTALL ATION
_ELEV, DESCRIPTION sl2(E|Q] =
DEPTH E lal~] 2 WATER CONTENT PERCENT | ADDITIONAL
29 1Yle]| g Wp w WL TESTING
(metres) slafa|z| 2 AR - SR LAB.
-l |l <! 2 o /0 Zo S0 Fo
n|lvw|lan @
w0541 | Growrg Sersoee a
.0 . = L
Loes 27 I Forgamsric debrs LTS
oz . 3
1052.C1 Eron'r? 5//7‘}/ S/ L ; 75k
/5 Lo|88 o s Al
Brons? SaL & prareh 19/Po (vid(E
GAFVEL ; =
lo29.8( Sarnd ‘f
VT grave _-. ;
2 La)67 bac#/)//‘;’_: i
AHOory 5//7‘}/ Sr7Ee ‘
SEND irter/ayered (i
Wit Ffrre Jo : Z5mpn "
. % o | 2/ ? : o | B
MEN1/r77 Scar7 MR = f2=/tors7e |t
sea/ Z”l
F.ﬂ bl =10
= T5mm |G=3¢ -
N T oo |sB |5 47
254) 7t (= |3 S/oled
N somm FUC ||
(ove-r7 R
039.9/ 2:5;”47? 7762 7ot/ 22 A%
/2
Eno of Loretrole
Norfe s
Log baose 177
Par? orn drr//ers
obDLServoTiorns
VERTICAL SCALE . DRAWN LA
‘ Golder Associates 5~ so—=¢ Siteren D

Wi -
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No. 752

Project

Canol Sta. 2+370

RECORD OF

BOREHOLE &So—+7

LELROCA, T+

)
/

/1600.2 N 164d.8 £
LOCATION (See Figure 3 ) BORING DATE /b 23, /58
BOREHOLE TYPE ,Pafa/—/(/ wir 7P aoF BOREHOLE DIAMETER /OO 777
SAMPLER HAMMER WEIGHT 140 LB. DROP 30 IN. DATUM (Vewree groc/ 7 ST
SOIL PROFILE PIEZOMETER
OR
5 w
7| e = STANDPIPE
~(2|8]|6] @ L . P INSTALL ATION
EL BN DESCRIPTION El2(F|Q] =
DEPTH & ~| 8 WATER CONTENT PERCENT | ADDITIONAL
© w w o« - Wp W wL
Elala|z]| 3 L S LAB. TESTING
/777 =|212135| d w 20 30 Fo
wl|lwlan m
10%0. LC| (ToarEd groura Syr7Tee
OO | Browrs, orogmii ST §§ T
/090.06 7[}0 s | '
. & £ N 53
~— DT — R y N
Jorgar/e /ayer 3
GrEEn ISl -Lrovr 7o R
browr? SFEAL arr B aIE
GrRRLEL T/l (Frozen) IR Lock il |
i B LWitt " ,-
1 Browrr forne s/ B
S ca)?'fn_qu; -
' No | tesbirmg T
Lecormiing  ary BN
1084 5¢ R
./ ; o~ i
Lrowz 70 very (g7 }l\“} Lerrion/Te |-

Erid of Sorefro/E

i . 754 s & |
SC/7/5 Ty BEAROCA 137 orave’ [ |
L7 rows? sv7F <,ﬁ:\ pact 24|
127G s joursTS > seres |- H:
or /ayers. A _2oms A0l
079,92 2 el
107 Lory at /o.0 m

Aiaretr 8 /8o

VERTICAL SCALE

/o0

Golder Associates s~ so-«~

DRAWN L«
CHECKED D& _




No. 722 20225

Project

RECORD OF BOREHOLE &H So-<45

canal Sta. 2+300
IS5CB . 5N 287 7 &

LOCATION (See Figure 3 ) BORING DATE /Feb. 23, /580
BOREHOLE TYPE A©/ory witlh </# BOREHOLE DIAMETER /OO 7777
SAMPLER HAMMER WEIGHT 140 LB. DROP 30 IN. DATUM C/Ear s roe/r7cd SLFFacs
SOIL PROFILE PIEZOMETER
= OR
o w
T | & I STANDPIPE
. sl2ly § @ , ) | | INSTALL ATION
X = >
: DESCRIPTION glz|F|u| z
DEPTH g P ~| © WATER CONTENT PERCENT | ADDITIONAL
© w W - | wP W W
) eldt2lel g 4 L LAB. TESTING
' o "
(’757"(? x2S 3 o fo 3o o
w|w|ln|o w

108%.89| earES /araana’.s#ﬁ?(e
535 So| Arozess oraasr/s Sl T
0.6 : ,
Froz&r7, Grecs7/5 7
DOrowrr SENL &
GRTVEL T/LL, Sormee
fo 18 Cefrrraas Curterrgs |||
DBoc A A1/
=t
/083.79 Berr70r7/7 | B
\—'\'{ sea’/
é . /
L5 F ey Lrorock \\\g( Serrd &
- - 11
Crey, sc/i/s 7‘}/, BELROCA 7:’,_ 7 L A
/080,79 :IS’ G )
9./ o) t B2 m
£ of Lorerro/e e & / 8o

DRAWN K.

il i s Golder Associates 584/ 52-25 Cieckeo De

YAV =l




TFE 2025

No. _ 7 < <¢

Project

canal Stn. Z+220 RECORD OF BOREHOLE &4 s0O-42

1528.8 N 299.2 E
LOCATION (See Figure 3 ) BORING DATE A 23, /52
BOREHOLE TYPE /@ofaf}/ an7hH /A BOREHOLE DIAMETER /O& 772,72
SAMPLER HAMMER WEIGHT 140 LB. DROP 30 IN. DATUM ( /eaorcd g/—az/ﬁo’s.{//v“oce
SOIL PROFILE PIEZOMETER
OR
5 w
2| 2 STANDPIPE
~|(2|&|5]| @ . . | . INSTALL ATION
LELE DESCRIPTION E(2(8 |8 =
DEPTH E clwls 2 WATER CONTENT PERCENT | ADDITIONAL
El2l21 €] & We v Wi LAB. TESTING
/m&f/rsj 2 sls|o W et
Flela| 2 i 10 Zo 30 40
wlvwln @
108883 | (learéd grotid suti/oce
158 23| Frozerr orgomie SreT Urtimgs ;
o-6 Nbow e T bac,f—/;//z.”’
Sez/ o f m
(ot EErirSr -~ Lrowrr? 7o Al
Lrowrr SEND o S
GrFUEL TILL Frozers ERN
7O cloLs T F/77 FEOTS il b
very ary
(pessibly isTwrles
bedrock)
| ST =
7/#0:/:/ a5 || 4
éaczh"/é 1
" "
1079.73 "l
9./ ; s/ores |-
G’/fy Sc/1/sTy -
BEDROCK P—
1078 .13 v /0/,02 e
0.7 Dry oF /0.0 77
Err2c of Sorerro/e Mareh 8/Eo

. L.
N e Golder Associates s4.50-+5 Cieckeo D6




T52 ZoZs

No.

Project

St s e JEG RECORD OF BOREHOLE &4 so-s0
1475 BN qod. 4 £
LOCATION (See Figure 3 ) BORING DATE Febri/ory 23 /950
BOREHOLE TYPE /907‘0/)/ w77 s BOREHOLE DIAMETER /OO ,77,77-
SAMPLER HAMMER WEIGHT 140 LB. DROP 30 IN, DATUM (Veored gltot/rnd SeLiFfoce
._ OR
o] w
dle 2 STANDPIPE
~|2|e|s| @ R : \ INSTALL ATION
ELEN DESCRIPTION (2|5 |2 =
DEPTH = ~| © WATER CONTENT PERCENT | ADDITIONAL
21Y|Y] el & We w W
] Elalal|z]| 3 o LAB. TESTING
./ﬂ(ffff/ |21 2|9 3 /o 20 T30 4o
nwnilvwleo|e w
085.ce| (/epres Qfo&/ﬂd’fd//iédf" -
CC | frozesr Lroas?
osa.al| CTTINE SILT 7
‘2 CGreciSh  Drowr? f/?x(/ﬂ-:’ff;'{
Gy GFUEL T/LL R
1083, 2¢ g
— CwunrrozeErs ) {’aﬁ‘/ﬁgs ;
o7 SEALL ‘é‘m’fﬁz.‘j
GRRLEL , L117 T o7 /7 '
1080. 7¢, B o
Z2 : N No |tesling Berndor/7x
Grey Sty sarze’ % ‘ s/ Z/”
CL 7 1rgs , proLobsy % o |
s TU T BELROCK, % S &
very ary, prooatsy greave’
Y 74 /-//O/Oa,b/ (= N MCM/Z"'
077 )
?‘,‘\ soes |
7F | SehisTy BEOLFOCA N Fomm 77| ]
1076.5¢ [/ ppe z—1H.
B4 : Drey oF 8.0 m
A Eries of Loresole Ma;ﬁ,, 3 /80
VERTICAL SCALE . : DRAWN K4/
] A Golder Associates B~ s0-50 heeren e




g2 EO0ES

s

No.

Project

Conal Sta- E+ 000
/E3B8B.0 N B2 5 £

RECORD OF

BOREHOLE &S H so0-5/

/o0

LOCATION (See Figure 3 ) BORING DATE FAeb. =23, /950
BOREHOLE TYPE KO/wry wi/7FH <+ BOREHOLE DIAMETER /&0 . 77/72
SAMPLER HAMMER WEIGHT 140 LB. DROP 30 IN. DATUM Cleomre groc/7d Serr/oce
SOIL PROFILE Temperatore °C PIEZOMETER
- O OR
5 w
e 3 = o = = STANDPIPE
~|2/¥|c]| @ N . . . INSTALL ATION
ELEWV, DESCRIPTION El2(F |2 2
DEPTH = wl=18 WATER CONTENT PERCENT | ADDITIONAL
El3lz]e s W W: i LAB. TESTING
ﬁeﬂefj EgEy = ; 2 /0 2o 30 4o
%2} (] ]
1089.54| (Heoreds oroc/ 2o sarkre i
et Froser, Lron/ s, Cuifirgs i
J088.34|OtFT7e S/LT back T ||
e wMret? &80 T2oer 7S ToH
‘ eI/ S/7 G rEY, Frozer? VAN &\ A =27 I
- I i .
SEAD Grid GGRAUEL \\ Lfr,/of«;z FofBo | Lerrsomsie
; : /
ToLe , Hr7s of Jce Moret? 2a/Eo \/’ sl ™ Al
X 0 ~ - .
177 CWTIII7GS AN il
\\ | 2
\
Wi
\
W\
77/ as abtove No  |testirng \\|
bLt wittr severa/ \\ .
\ e
Lo/ ers Q? < 1|
b \soro’ &
{ % grave! 4}
l 4 Lack A7/ |||
, \\ /pf}péwb/y
LS55/ it ’ \ |77 75 i
) \ | Sscontinrons||.
or grs7erLes 4\34—3 A | M|
] Ol il 153
/078.84 BELROCK N \ 1 Al
/0.7 . -k ] At
Grey scli/sry I\ \ ! Al
\\;“ =
BEOROCA 2 W\ | sioteer |-l
’:j:» \ ," o FUC |- ]
L g PP “H.:
/075.84 P> Al b s {
. ory at /3.2 17
37\ Erar oF Lorefroe s s 8/ 80
o s . a DRAWN B
VRRFICRL SCALE Golder Associates s~ so-s/ i I




¥ RECORD OF BOREHOLE L5 H Lso-52

nal Sta. [/+EF0
1328 . 5N L/8.-5EF

LOCATION (See Figure 3 ) BORING DATE /Ffe=b. 23, /5850
BOREHOLE TYPE AD/ary wilts </ BOREHOLE DIAMETER /O0/77/77
SAMPLER HAMMER WEIGHT 140 LB. DROP 30 IN. DATUM (Tieored corowmc Sariace
OR
5 w
3l 2 STANDPIPE
~|2|8|5]| @ ; o : : INSTALL ATION
s DESCRIPTION El2|F |2 =
DEPTH = ~| © WATER CONTENT PERCENT | ADDITIONAL
e |uipwy i & Wp w W
Elalal®| $ LAB. TESTING
mrerres) 2lzlz|o| w e
/ - |lal e | <2 o /0 Zo Jo Fo
[ 7] " @

1082. 41| Jeared growid Sqarivce

. A
(05881 | fro3em, Lwn, Orgonie S/LT 418
0.6 Al
frozen, oreessss Sore & A
grey, STAVO ard rove/ ||l
GRAUVEL T/LL4 pack o 3
Berntoril=
Seal
No | testirg
Sard &
/083,31 graver B
6. / /OOC /(_&1;. -
SITND arrd GRAVEL TILL RSN 5
wrtty sandy Sr07F : S/o/ed
pockers (amfrozen) 20 mm PUC|' |
=t =N
/08¢0. 3/ a &W‘,:;‘
7./ g
Lrad of LoresmnrEe it ;fgo
Note ;

Log éosea/ or?
orIlers obserte77oms

DRAWN A 4w.

il ol g Golder Associates_ 5 4. £o-52 iccken D&




RECORD OF TEST PIT SHEETS
Other Than Along Diversion Canal

Test Pit No. 1 to 20 incl.
23 to 25 incl.

Golder Associates



No. 79222025

Project

2415, 7N 725 L F

LOCATION ( See Figure)

RECORD OF TEST PIT 7.7 79-1
oaTE 27 July [979

DATUM Corowina Surface

METHOD OF EXCAVATION D8 Catl & ripper PROJECT pown  VALLEY
SOIL  PROFILE
5 w 4 2
o B I Ik GROUNDWATER
TN ' * ' ’ £ = CONDITIONS
ELEVN. 3] ¢ =
DEPTH S S| ®[ 5| & | WATER CONTENT, PERCENT | & &
ela|uy| % Wp w W, <3
o > 1 O -
() Elz] 2| © '
113266| Ground surfcace
0-00|Organic SILT & debrrs,
1132-28\-1 m volcanic ash
O-28|Brown grey fine
1131 90\5andy ST TILL , occ. By
D7E brown ine 1o med|[has
sqrd [/ense
bl - 7
L4 .
0 O $-3/| hon- plastic
Grey o brown grey BN M‘_/55
5Qnd SILT TILE, e
fwme s o h/gh
schisT content
chbi/-5
G -24
L2 JCS. D 5 -2
112870 ‘ M-28
, ; £
396 |Bottom of Test Fit

.50.Wple E cqrrzbipea wWibsr |5€m4
E from| TRP-|\79 -3 For SErenad
L2l ing andl CommipPANCELDrT .

bl

VERTICAL SCALE

1B

Golder Associates 77 79-7

DRAWN EE

CHECKED J&




v

792-2025

No.

Project

LOCATION (See Figure)

s389.24 cesce RECORD OF TEST PIT 7.2 LI 2

DATUM Ground suriface

DATE 28 July 1979

1787

3.8\ |Bottorn of Test Fit

DO
IRV

Sanmple |& combinea Wittt Jamale
Z ¥romy TP 79-/| For|strangtsy
testindg o comporiiolrs.

METHOD OF EXCAVATION DB Cat & ripper PROJECT DOWN VALLEY
SOIL  PROFILE
§ “ 5 2
g b 3 i GROUNDWATER
[E2{g] ® 4 ' ; : EF CONDITIONS
ELEVN.| . T =) = =
DEPTH ool ﬁ =lF| 3 WATER CONTENT, PERCENT | ©
lwlwl| & Wp W W, = =
(= W g > \ — —
(m) : 5 E 3 L i
Sla| & o 10 20 30 40 40
1121168 |Grouna surface
002 \Organic debris § moss
0-2.5|\WhiTe volcaric ash
0-43
Brown grey fine
lsandy SILT TILL, Cb/-&
w = p, (/Efy &-38
stiff 7o hard D S-3/| norn-plastic
M-24
- 4

VERTICAL SCALE

[:60

Golder Associates 7P 79-2

DRAWN KK

CHECKED DG




Project No. 792-20725

RECORD OF TEST PIT 7.pP 79-3

3143.0N  -824 7F
LOCATION (See Figure) DATE 5 Aug 1979 DATUM Ground surface
METHOD OF EXCAVATION D8 €a? & ripper PROJECT Downl VALLET
SOIL  PROFILE
3 w 22
] & I 5 GROUNDWATER
ELEVN 1A B - - ’ EF ONS
¥|3] ¢ E CONDIT]
DEPTH e S| %| " | & | WATER CONTENT, PERCENT | S o
olwlw| We W WL <9
(m) 1HHE T —
El1g1 3| © I0 20 30 40 Ho
106893|Ground surface
2 organic debris & P
1028% voicarnic gs S
30| Brown fine sandy |1
E552 SILT, occ. pebble, 4
o6&/ |\ moilst J’b:f
Cb/-19
Brown grey coarse & ~63
sandy "GRAVEL, o 5-25
mois? below 3m, M-C-2
occ. grey s5ilt
incldsions, some
frozen
cbi-5
5 - o4
O S-28
Wi+C-3
lo63-60
5-33|Bottomn of 7est AT
VERTICAL SCALE . DRAWN FXk~
P Ze-3
Pyl Golder Associates 7.7 7 .




No. 72222075

Project

RECORD OF TEST PIT 7R 79-4

2%50l. LN 102l & E
LOCATION (See Figure) DATE 5 Aug /979 DATUM Ground surface
METHOD OF EXCAVATION D& Cat & ripper PROJECT DOWN  VALLEY
SOIL  PROFILE
& w g
ol I a T E GROUNDWATER
glw| @ , SR W 5
ELEVN 13| & = CONDITIONS
OEPTH DESCRIPTION 2= " | 8 | waTER CONTENT, PERCENT | 8 ¢
Slulw| & Wp w WL 3
(m) gl=z|= § F ~e ~
LS8 @ I0 20 30 40 50
1159.78 | Ground surfoce
O-00\Organic debris & ;:E
15937 volcanic ash ==|
0-41 3
Grey brown clayey
SILT T/LL, norn-
plastic, very dernse Ry
w < tp :
&G - #E
S - 28
© M- 2/
c- 5
D
1154-60
5. 18| Bottom of Test Pit
e Golder Associates 7.7 79-« AW FF
/1:50 e CHECKED D&




G.B.

Project No. Z?g :Z_C_?Z L=

2503.
LOCATION ( See

a4~ ~589.3 €

Figure)

DATE

RECORD OF TEST PIT 7R 72-5
& Aug 1979
METHOD OF EXCAVATION D8 Cat & ripper PROJECT

DATUM (Ground surface
DOWN VALLEY

SOIL  PROFILE

DESCRIPTION

STRATIGRAPHY PLOT

SAMPLE NUMBER

SAMPLE TYPE

ELEVATION SCALE

1 ] 1 ]

WATER CONTENT, PERCENT
Wp w WL

-

=

10 20 30 40

GROUNDWATER

TESTING

CONDITIONS

ADDITIONAL

LAB.

105583

Ground surface

o-00

Organic siLT & debris

2l

O-25

While volcanic ash

046

105333

Brown 1o browr grey
dense coqrse
sandy GRAVEL

2-60

105183

Frozen, ox/d;ged
med. 1o coarse
SAND, 'sorme_grave/
(To -/, dia.), derse,
Thaws guickly

4.0

104983

Olive brown Ffine 1o
coarse SAND,
litfle med. grave/

6-00

Botilom of Test Fit

c.5.

VERTICAL SCALE
[ 50

Golder Associates 77 .72-5

DRAWN KX~

CHECKED D&




Project No.Zg_Z‘_Z_QZ 5

RECORD OF TEST PIT T.F 79-&

2300.2N L7 9 E
LOCATION (See Figure) oaTe 7 Aug 1979 paTUM Ground surface
METHOD OF EXCAVATION D& Cat & ripper PROJECT DowN  vARALLEY
SOIL  PROFILE
5 w .2
gl & 3 IE GROUNDWATER
ELEVN s[21¢| ® - : l ' EF CONDITIONS
P 2 > =
DEPTH R 2[®| " | & | WATER CONTENT, PERCENT | 8 &
2l o 7 Wp w W, <
(rm) slz|z| & et ~
[ - < -
2 0 20 30 4P
105569 Ground surface
; Oorganic sSILT & —
1255 SELIE, et =
0-20|\Whitle volcaric ash |-
o-5/
Brown coarse sardygon
GRAVE 22
(rax. s5i3e © e )
1052.49
2-zg
/4C.5. @)
Brown grey med. 7o
coarse ND, some
fro;en some gravel
“Zm ara.,
bé'c,omr 2‘ ' sarndjer
with dep’h
Cbr- 1P
-24C.5. O G- 54
5-35
£ 2|/ %
050-09
560 |BotTom of Test Fit
VERTICAL SCALE . DRAWN &%~
X -
Frel Golder Associates 7.7.7 st




G.B. 101

No. 722729725

Project

LOCATION ( See

o4l 7 _380.7 £

Flgure)

RECORD OF TEST PIT T.R79-7
oate 8 Aug 1978

METHOD OF EXCAVATION D& Catl & ripper  PROJECT

DATUM Ground surface
OOWAN VALLEY

SOIL

PROFILE

DESCRIPTION

STRATIGRAPHY PLOT

1

1

GROUNDWATER

TESTING

1

Wp

w

e

WATER CONTENT, PERCENT

CONDITIONS

ADDITIONAL

AB.

W,

]

L

L
[

SAMPLE NUMBER
ELEVATION SCALE

SAMPLE TYPE

—

1051.68\cGround surtace

/ogﬂ_%/woss & organic debris

105636

O30 \Black frozen organic
SILT wwor==lJP
material flows
when Thawed

FEZ

105473

rown
ecorn/,
with dep fh

r‘a t/e //
g

leng7h

3-35|Bottorn of 725t Pt

Déﬂm‘h varies along

h of pit

- 78
CI N V4

VERTICAL SCALE
/-50

Golder Associates 7.7 729-7

DRAWN KK
CHECKED D&




ssac.on o179 RECORD OF TEST PIT TP 79-£8
LOCATION (See Figure) oaTE 9 Aug 1979 DATUM Ground surface

METHOD OF EXCAVATION D8 Cal & ripper PROJECT Down VELLEY

SOIL  PROFILE

Project No. 792-2025

GROUNDWATER

TESTING

- | ] 1 1

ELE 218 DESCRIPTION CONDITIONS

AODITIONAL

WATER CONTENT, PERCENT
Wp W W,

LAB.

p—,

s |

Q

3

=
STRATIGRAPHY PLOT
SAMPLE NUMBER
ELEVATION SCALE

SAMPLE TYPE

143.73| Ground surface

O-00

Broken ScHIST (1
brown sondZ & /17
mailrix (TILL)

1141-83

/90 _

Brown grey fine

sandy “SICT 7T/LL,
ron” plastic

/140-13

I %% BrogglgR 822;%/ 5CH/5T,:,:\

LA

3.90|Bottorn of Test Fit

NOTE |Area has been
previcusly stripped

VERTICAL SCALE . ) DRAWN ¢
i Golder Associates 7.7 79-5 000 X~




27778  ssoz7e RECORD OF TEST PIT TR 72-¢2

No. 792‘ 2025

Project

LOCATION (See Figure) DATE 9 Aug /979 DATUM Grourid surface
METHOD OF EXCAVATION D8 Cat & tipper PROJECT LDOWN  VALLEY
SOIL  PROFILE
5 w J g
o B 2 gk GROUNDWATER
ELEVN ¥ ¥lg] 2 . * ! EF CONDITIONS
o 2 > 2
DEPTH DESCRIFTION s|®| " | & | WATER CONTENT, PERCENT | & &
sfuiiv] & Wp W "N “g
(m) 2lz| % o p—
Cld] &1 &
162.68| Ground surtace
W98 organic debris & mossEs
O zB (White volcaoric ash
o4 ..':'-,:'
Brown sandy SILT [N
TILL, sorne frozen RN
1150-75 \
1S Disturbed
150.32|5¢cHIST BEDROCK RN
724 (-
L
W
SCHIST BEPROCK I\
dipping o southwest |3
a7 approx. 30° et
, o
n\/l\/
N
e
1148-4.1 ) -1
4.27\Bottorn of Test Fit
VERTICAL SCALE G | d A . DRAWN K¢
older Assoclates 7.7 79-29

s CHECKED DG




e

Project No. Z?.Z:ZQZ5

eso2.tN  S.CE
LOCATION (See Fligure)

METHOD OF EXCAVATION DB Cat & ripper

RECORD OF TEST PIT 7.R 72-/2

DATE 24 Aug (979

PROJECT

DATUM Ground surface
powr valley

SOIL  PROFILE

DESCRIPTION

STRATIGRAPHY PLOT

SAMPLE NUMBER

SAMPLE TYPE

ELEVATION SCALE

1 1 = & 1

WATER CONTENT, PERCENT
Wp W W,

e -

10 20 30 40

ADDITIONAL
TESTING

LAB.

GROUNDWATER
CONDITIONS

107516

Ground surface

Frozen si/ty
SAND T/LL

107297

A S AN e
O30

fine
) with
Qlluvium pocker?s

219 |Frozen fine fo

107¢4:33

codrse sAND, Some
gravel/, frace’ si/?

7-83

Bottorm of Te=s7 Pit

(7 - 25
>- 55
M- /2
e A

VERTICAL SCALE
1180

Golder Associates 72 79-/0

DRAWN /&

CHECKED DG




LOCATION (See Figure) oaTe 25 Aug 1979 paTUM Ground surface

METHOD OF EXCAVATION D& Catl & ripper PROJECT DOWA  VALLE Y

SOIL  PROFILE

Project No. 292" 2026

GROUNDWATER

TESTING

1 ! 1 1

DESCRIPTION CONDITIONS

ADDITIONAL

LAB.

WATER CONTENT, PERCENT
Wp W Wy
k —0 —~

o
3
T
STRATIGRAPHY PLOT
SAMPLE NUMBER
ELEVATION SCALE

SAMPLE TYPE

IO608 Grournd surface

Chae Frozen orqanic
S5ILTSs & debris
wilth moss at 7op
of sitratum, sorme
fine & medium
coarse sand
pockets

059-205

IBZL

Frozen grave//,
SANID (fio cobbles
or coarse gravel D

1057 16

366|Bottorm of 7es7 Bif|

DRAWN Z K

- Golder Associates 7.7 79-// AR 5

150




2. 0.

No. 722 -2025

Project

RECORD OF TEST PIT 72 7G-/2

2066. 2N -287.2 E-
LOCATION (See Figure 3) DATE 25 Aug /1979 paTUM Growund surface
METHOD OF EXCAVATION D8 Cat & ripper PROJECT Lowry  valley
SOIL  PROFILE
5 w 2
ol I I < E GROUNDWATER
o z 0
ELEVN 2] g]| ° ! ' : ' E ¥ CONDITIONS
. > —
DEPTH RESERIPTION 3| =" | & | WATER CONTENT, PERCENT | 8 o
ow| w| E Wp W W, <4
= I b i ol i
(/77) Sl=| = e} F 1
L&l 8] @ 10 2O 3o 22
067.36|Ground suritace
105582\ surficial organicsfF=
0-30\5qndy fine GRAVEL |, [59:
Wit old S ity cocketsiE]
& organic inclusions, K%
maierial /s highly D
variable %GC
105599 , b
137 |Bollorm of Tes? Fit
Pt abandoned
aue fo
seepage

VERTICAL SCALE
150

Golder Associates 77 72-/z XN KK

CHECKED. DG




792- 2o 25

No.

Project

1941. 8N ABL75E
LOCATION (See Figure 3)

RECORD OF TEST PIT 7P 79-/3

DATUM Ground Surface

DATE Dec./, /979

METHOD OF EXCAVATION 0-8 (o’ #Ripper

PROJECT Dowr) Valley 7‘0/’//?7?5

SOIL  PROFILE
5 w L8
g|g I 3 & GROUNDWATER
o w b:’ ! 1 5 ! = t"_’
ELEVN 3] ¢ = CONDITIONS
RIP
DEPTH sl E i+l 3 WATER CONTENT, PERCENT §m'
S|4 Y '§' Wp W W S
< In i Y —
(m) B3] 2
0l24| Grovnd Svrtfoce
0.0 9 ) =
K@/:cycz/?/c debris” BES
Frozen black
organic SHLT
/lol8B. )
Browrn SAND
aond GRFVEL
mostly frozer
Seepog e
Dlts. G T forcing
30 . ] 7
£nd of Jest Pt VAT 14T
or ylbg

VERTICAL SCALE
Ais5Q. ...

Golder Associates. 7.2 79-/3

DRAWN. A4/
CHECKED DG




101

G.B

No. 282:2025

Project

B Gl B RECORD OF TEST PIT 7R 79-/4

LOCATION (See Figure 3) OATE Dec. 1, /978 DATUM GroLrrd Surfoce
METHOD OF EXCAVATION D-8& (o7 & Rjpper. PROJECT Dowr Valley Tailings

SOIL  PROFILE
5 i < g
- 3 g 2 GROUNDWATER
ELEVN THEAE - ' ' ' : ONDITIONS
L 3] ¢ F CONDITI
SCRIPTION
DEPTH oE S| " | & | WATER CONTENT, PERCENT | & o
S| E Wp w W 3
Ela & § o
(1) 2l=s| = i F e
Bl S| @ /0 o 3o o
0e9.55| Grourid Surfoce
0.0 '
2.2, \Orgoriis g volcore ast g
=
S Boas| SAEND arng GRRVEL
0.6
loarse Spnp (/ense)
10£8. 45
W,
Grovelly SRND
Some Frozer
N.B. perrrgiros
Irps Frorm surtoce
o Nw and 7gpers |-
off 17 bLortorrz / |zs B=%o| O
. S=27 Dry
ol port MtC=|3
OC& 75
+.8
coarse SHFAD
Sorme gravel
cbl: 2
/053.05 2 |cs. |6:57| O
= . 5-39
= £rid of Test F h77 2|2
Surveyed bottor
Fleyctiorn /ocd 57
VERTICAL SCALE DRAWN A W/

ey Golder Associates 70 79-/2 200 T2




No. 772-2025

Project

RECORD OF TEST PIT

L 79-45

P

Golder Associates 72795

/959.0K GI14.8 E
LOCATION (See Figure 3) DATE Dec. 1, /1979 DATUM Grournd Surfoce
METHOD OF EXCAVATION O-8 (074 K/pper  PROJECT Down Volley 7//ings
SOIL  PROFILE
5 w 42
o 3 it GROUNDWATER
x| £ o ‘L‘?’ . 1 : =
FLEVE DESCRIPTION ElZ2L ET = £ CONDITIONS
DEPTH g o WATER CONTENT, PERCENT | © o
el w 74 Wp w W -
Ela T > & o -
(/77) sl=| = w F i
18] & o /o Zo JFo 4o
£¢.22| (Zrowundg Surioce
OO0 | Orgarre Sty &
1065, 72| LO/C I OSH
|05 | Rea browr GRIVELRS
Sorme Codrtse Sarrd
. .56[:27
lrttte cobb/e / |cslg-a1| O
528
7= | 2
lo6R. 12
S Rea browr coarse
SEND Qric) CGRRLEL
/0L3. 42
28 /-7"056/7 reqd Orowr?
coarse SHMD, SOrme
Jayers of grave/ & Dry
Sord Jreelrrg
STecoly 7o r70r77
/061,92 Y
73 Red brovwrr coarse
SEND, /it e Fire
7o coarse grove/
0eo. 42 12 | cs.l6= 70 |O |
, 527 !
8 | frd of festor? Al P
VERTICAL SCALE DRAWN A2 4/

CHECKED ‘DG




No. Z22-2e25

Project

2086. 8N 4&14.9 &

RECORD OF TEST PIT 7P 72-/6

I 50

Golder Associates 72 79-/6

LOCATION (See Figure 3) DATE Dec. 8,/979 DATUM Grownd Swurfoce
METHOD OF EXCAVATION D-8 (o & Ripoer PROJECT Dowr? l/a//e/v Tarlings
SOIL  PROFILE
5 w L2
o 3 e GROUNDWATER
> | 2 w ? : 1 o (| oW
ELeV DESCRIPTION s12E} = Er CONDITIONS
DEPTH g o WATER CONTENT, PERCENT | S o
g ‘EI,JJ ; s Wp w W 3
() AU LI e
Elal g o Vo4 Zo 3o 4o
ool Grownag Swurface
S0 | orgonic debrss |
Olive lomino’ed
e sandy SILT
scattered pebbles
l053.4/
.
Browr? frrne 7o
e riiinrr CGRAVEL
JitHe Sard ard No  |testling
cobbles, layered
o58.0)
2.6 | Grey browrn coarse
/057. &1
SPND F GRAVEL,
Fat Some s//7
05¢.9/| Layered grey Fine
77 SPEND & Lrowr 7.
‘o corrse SIAD
GRRVEL & coldrse Dry
SEND, Tew cobb/es
ornd bou/ders
Large /ense oF 1 N7 ES| Test Pl 15 |cur
silty Fine saond [} : 1 ™
/053.9/ 7\ wal) of ?/
-7 barrobw o7
SGRAUVEL , SOrm7e
Cobb/=, /r/7/e
coarse sarg rI€ar o
vertical /mbrication iy,
1052421
g2 £ of Jest At
VERTICAL SCALE DRAWN A2 LJ.

CHECKED .G .




-} 10N
0.

il

o2s

-2

No. 792

Project

204

LOCATION ( See

17N 380.7 £
Figure 3)

RECORD OF TEST PIT 7P, 79-/7
DATE Dec. 2,/279
METHOD OF EXCAVATION D-8 (o7 &R pper PROJECT LDowr Vo//ey 7Qr/17gs

DATUM Growrnd Swurfoce

SOIL  PROFILE

DESCRIPTION

STRATIGRAPHY PLOT

SAMPLE NUMBER

SAMPLE TYPE

ELEVATION SCALE

] 1 !

WATER CONTENT, PERCENT
Wp W "y

So 4o

/0 fo

ADDITIONAL

AB.

TESTING

L

GROUNDWATER
CONDITIONS

(0CH. 34

G rowrnd Surioce

0.0

/1063.74

Orgarmic debris,
Voleori/c gdshH &

|

26

/062 54

9 s// 7‘}/ SLNL

Layered Firne S
Sy S/LT; Frrre
CRBUEL crid /77ed.
70 Coaltse STTND

W g e

/.8

/ocl 14

Fine 7o coarse
GRRVEL, et
cobbes, /17 e
foqrse som7e

3.2

/05794

Loyered Firre
7o coarse SPAD,
Some gravel/y
/oyers

6.

End of Fest o

s

Dry

/7

VERTICAL SCALE

o Ye

Golder Associates 7~ 79-/7

DRAWN /2 L.
CHECKED DG




-

No.

Project

792 2025

21332

539.4 £

RECORD OF TEST PIT 7P 79-/8

7. 50

Golder Associates 72 79-/5

LOCATION (See Figure 3) OATE Dec. 2, /579 DATUM Ground Suriace
METHOD OF EXCAVATION D-8 (ot & Kpper PROJECT Down Lolley 7oi/imng s
SOIL  PROFILE
5 w L2
i z 8 GROUNDWATER
ELEVN THE ' : B g * TIONS
LEVN. X15] ¢ = CONDITI
=== RIPTION
DEPTH deae 1= " | & | WATER CONTENT, PERCENT | 8 &
Slulyl & Wp w WL “3
=4 o i > \ T <) —_
(7) =|§|8]| 2 ) —~
3 I A /o 2o 3o do
1022.24) Grotimd Surface
eo | Frozen orgari/c
TebHS, Orgarie S+
lost. cé\and volcarire @s/
ce :
Frozern [1ght browsNy
Frozen ofjve P Dry
layered
silty frrre
SEND,
occasiona/
fime 7o
measurr A0
S@r0 /oyer [N
MR Cbl=lo
5 5= 15
SEND rd GRAVEL MACE G
TrLL
/058, 16
| £ of Jesr A7
VERTICAL SCALE DRAWN A& 4.

CHECKED DG




Vi

v.B8.

N
O
NI

No. 772

Project

S/24. 4N 7878 E

RECORD OF TEST PIT 7~ 79-/9

I .50

Golder Associates 77 »9-/5

LOCATION (See Figure 3) DATE DLec. /0, /979 DATUM Growr?d SUrface
METHOD OF EXCAVATION D-8 (a7 & fpper PROJKECT LDownr Volley Tas/ings
SOIL  PROFILE
5 y L8
gk i = GROUNDWATER
[+ 124 o w
ELEVN A1 . ' ' : = CONDITIONS
: RIPTION ‘ 5
DEPTH S 2% " | & | WATER CONTENT, PERCENT | & &
cielal sl 2 % |73
s 3 s O e
(”7) Elsls| & o 2o F o
0B81.E9| CGrowrd Swrloce
168) 55 | Orgariic S1/7 Fdebrsi=
o3 =
Gravelly, Si/ty P
e SENO 17/ R
Ory
b 2
iy ; S 637 O
5=33
A= Co
-8
Sardy poctels| Ry gyjé o
1076.69 S 5 - 39
S22 - y M=22
Errd of Jes? ArF c: 8
\
VERTICAL SCALE DRAWN < L.

CHECKED DG




101

G.B.

No. 7922025

Project

Lam
e e N 277 £

RECORD OF TEST PIT 7R 79-20

LOCATION (See Fligure 3) DATE DLec.//, /977 DATUM Grot/ricd Swriace
METHOD OF EXCAVATION -8 (o7& pper ProJECT LDowr Valley T7q://77gS
SOIL  PROFILE
[ o
S w g 2
BlE E z i GROUNDWATER
5 g w ? 1 i ) ! g ot
ELEVN. SESER ETION (218 . s CONDITIONS
DEPTH g | 3 WATER CONTENT, PERCENT | & o
FIEIE R A
(77.) AHELE 30 40 % o
0 1] 0 w
log235| Growrmnd Swrioce
b5 Oroanic silt &aebr/s [P=|
B 5| Brown fi7e fo
08 \/776’0’/(//77 SANVL T
Frozern, /oyered 3
.b/’Ok/ﬂ g/rg}/ 5//76‘/ thaw @/750[/@/4716"0/7 /4 b/w'-' IFEES @/ﬂ?s
. s /5 =\ r281 xip/rm
FIre SENP arrd O ow 24 B
Flre 5070y .S/Af Frozer
SONE DFrgarl/E g D
. ; i r_y
177C15/007S (wood) .
ond occass/ornag/ i
/ce Crys7als. 5* Su= | 1345 «g/m?
_Becam/'ﬂg rrore [tz 12 O =r5%
A FFIELSF Fo tro [
arnd +o obrsro
TrICTIOr7 Lo/ T
03505 | TELTL 5 =27
g o5 Frozern SaANVD & cs|G=%2 O Yo = | 2241 x5/m 2
. & \ 6)?271/54 T/ L / | 5= 17
M= 5
Erd of lest AF g
Surveyes! boltorrr
elevation I10ZG. /o

VERTICAL SCALE

- 50

Golder Associates 77 79-20

DRAWN < w.
CHECKED DG




No. ZZZ 2025~

Project

RECORD OF TEST PIT 7, 80-23

Lo of Jest 27

Jarﬂe/eo/p/.f
bo o Ejed
frOH, /3

2/ 05N B57. %6 £
LOCATION (See Figure 3) DATE F&b. 2k / $E5O DATUM Growrnd Swr-face
METHOD OF EXCAVATION D-5 (&7'& fjoper  PROJECT Dowr? 1ol/ey Ex%ﬂys
SOIL  PROFILE
§ g d g
ol I 3 3 E GROUNDWATER
o o w
x| E|lw| @ - : ' : -
ELEVH DESCRIPTION EHEN 21 = £ CONDITIONS
DEPTH | g o WATER CONTENT, PERCENT | o @
| W | w = w
(/7577::‘5) Elgl&a ]| S We wﬁ e .
i IS - ' - )
'U_a L4 w w Ve~ L0 3‘0 £
108.5 | Ground Swurioce
00 |\ Orgome Si/E moss ]
108 0|@7d debris =
' &
0.5 ] NN
Greemnrsls Lrom \
SEND 20 GRFUEL B
T, Soe Serrses B
70 S TPreArre5s5 R
1 Sanaly No Secpage
Sorme ce
STrar fiEo7iorn iy R
SOOI walls Es70rg 7TeRs
70 Le /opoercerns” :
by volumEe ob/= 1/
b 4-45:2
Zan aed NS-/cs Sved
JI0L. S ) 29 O
L O

/.

VERTICAL SCALE
S0

Golder Associates 77 s0-23

DRAWN </,
CHECKED D&
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G.B.

No. 722 2025

Project

RECORD OF TEST PIT 72 80-2=

2I55.CN  1TL9E
LOCATION (See Figure 3) DATE feb. 22, /90 DATUM Groow el ScrTace
METHOD OF EXCAVATION D8 (o7 & AjpmoerPROJECT Do 7 Laa/iey T7&//rrigs
SOIL  PROFILE
5 w L2
glg 3 5 E GROUNDWATER
@ o w
S s E n ] L ] 2 =
ELEVH. DESCRIPTION El2l 2l « £ CONDITIONS
OEPTH g S WATER CONTENT, PERCENT | @ &
olwlw| & w w w il
e clz|g| : : 3
s /s % 2 U S —
| ‘ Bla| 8] o o 2 3o o
1129, & | CGrocind Ser7erce
CC | Orgame S//A ss)
nza. | |\omwe cedbrris -
.5
Lirp frozer
fEE IS LI ON 7
SAND F GRFUEL bts 1
T/LL, 77005 7° G- 26 (B)
S=32 s
n1=31 No Secpog e
C= /0]
1127, 2
eL | frozern, gree sl R
browrr Sono &
GRAVEL TI/LL
Some € SHArIrT RN
corieyr 7o 2S5 mer B gf_é‘;
ThrichArress o 0z KK 530
25 ol Sy volerme  7=3/°/ SR o o
P | Lrd o TBst ST
Surveyed pil bottorms
Elev. 1125, &
VERTICAL SCALE . DRAWN < 4.
po
el Golder Associates 72s0-24 00 o2




RECORD OF TEST PIT wo-=5 .

No. 7822225

Project

2/03.9N 1234.0 E e
LOCATION (See Figure) DATE feb. 2, /FL50 DATUM GAoLlr2e) Si/Fiace
METHOD OF EXCAVATION 0-&.(&7 & Alppert PROJECL. Dow o Valley Ta//irmgs
SOIL  PROFILE
g w < 2
gl & F 2 GROUNDWATER
ELEVN I SRR cF ONDITIONS
1L X 2 > = C |
DESCRIPTION
DEPTH ' S|=| 7| & | WATER CONTENT, PERCENT | 8 o
olwl w| K Wp W W S
y <8 § Fr ¢ O —
[: 4
/”75 /'CS) :,_; g 3) d /o Zo 3o Fo
122, ) | Growrn Sii-faoce
1P | #o35 & Organric dd,é//s‘éf—_
0.3
Frozern owrf ”
bLrowr? 7o Lrows? [
S/ 7y Saona 7Eea [
PELL/ES, 27/ T
i Sl No Secoaqg e
o preces of -
wood, grve/ 1
corern7 /7crES- [T
1118, 4 | /779wl PEOTS 1458
27 S
froz3em Farrrioserr R
HEE S/~ ). SO cbl=2
FoRAVEL THL, OCC \ 4= 24
2 S=32
9/"0#6//}/ IO&CJLé‘?fS V=29
1718.8 c=/3 Q

Lo | frocd of 7est A S

Surveysd il boltorr
ELev. B oE 17

VERTICAL SCALE o _ DRAWN A< LU
ety Golder Associates 775025 TE00 T -




RECORD OF TEST PIT SHEETS
Along Diversion Canal
Test Pit No. 79-22 [0-060 to 0-80]

Chainage Test Pit 0+030 to 0+060
0+180 to 1+210
0+360 to 0+390
0+545 to 0+575
0+750 to 0+770
0+890 to 0+920
1+080 to 1+220
1+380 to 1+400
1+665 to 1+700

Test Pit No. 79-21 [14900 to 1+930]
Chainage Test Pit 2+155 to 2+180
2+500 to 2+530

2+890 to 2+930
3+150 to 3+175

Golder Associates



E P TR 79-22
n GiE T ARG 35 RECORD OF TEST PIT
o| LOCATION (see Figure 3) DATE Dec. 22, /979 DATUM G rowurd Swuriface
NI c.
|| METHOD OF EXCAVATION 0-8Clor'&A/pper  PROJECT Dowr Valley Tailings
N | ,
‘\! SOIL  PROFILE
s ,
- 5 w L2
© F| g P T E GROUNDWATER
[ w o z 0
£l eLevn 2| g] ” ' ' — E " CONDITIONS
o = P 2 > o
DEPTH Ll 3|®|[ " | &8 | WATER CONTENT, PERCENT 8 o
o1 5 4« by Wp W W -
(772.) <158 2 : > :
= - - = 0 Zo 3o Lo
(1] wn 74 W
9109 | Growund SUrface
Sa| Oroarie debr/s &
0.25 ‘\yo/con/'c ash /
Y
fred- Hrows7 gvraue// §%
Fo.02 | Fime SHAND
)
. Grey SaND 2,70
GPHV_EA. TILL, ory
sSrgniticart? W
DrOper770r7 oF Hr7es [
88.c9 bl
=y 3 . |7 50 @)
88.39 | Wea/hrereq BELROCK R g
oo | BEDROCK, r1o? |e= & Gs - |z20
30 rippable /
End of JesF S
VERTICAL SCALE DRAWN A4/

/

S5O

Golder Associates 7.7 79-22

CHECKED DG




If\’

G.P

Project No.Z?%: g925

RECORD OF TEST PIT 7.F O+045

LOCATION ( See Figure)

DATE 26 Aug 1979
METHOD OF EXCAVATION D& Cal & ripper prosct Down valley

DATUM (Growund surface

SOIL  PROFILE

(m)

ELEVN.
DEPTH

DESCRIPTION

STRATIGRAPHY PLOT

TESTING

] i 1 1

ADDITIONAL

WATER CONTENT, PERCENT
Wp w "N

|

10 20 30 40

LAB.

SAMPLE NUMBER
ELEVATION SCALE

SAMPLE TYPE

GROUNDWATER

CONDITIONS

091.3

Ground surtace

OO0 Mossd g organic

e bris

0-30

Frozen organic SILT;
volcanic ash, some

109p. 2 boulders

07

1082.&

Frozen brown

sandy GRAVEL

CALLuviLM), some
s/lly pocketls

2.e6|Botlorn of Test Pit

Surveyed pilt bortorn
elevatiorn /08E. O

-bl=5
& — 7
O S.=3a)

M+C

VERTICAL SCALE

[.50

Golder Associates 7P 0+045

DRAWN XK

CHECKED D&




G.B

No. 712272225

Project

RECORD OF TEST PIT 7.F O+/95

LOCATION ( See Figure)

METHOD OF ExcavaTioN D8 Cat & ripper prosect Down valley

DATE 26 August 1979  DATUM Ground surface

SOIL  PROFILE

8 4 3 i
| 2 2 E GROUNDWATER
ELEVN ¥ g o t = ' ' e " CONDITIONS
' RIPTION 8
DEPTH RESCRIPT s[®| " | 3 | WATER CONTENT, PERCENT §§;
© |y = Wp w WL 3
(m) S1E| 2| 2 = o —
(= < -3 =k
1818 & 0 20 30 40
(092.3 |Ground surtface 7
OO0\ mraanic debris 8 moss =
0-28
Brown silty GRAVEL B
TILL, high propor Tiongs
of schist rock :
boulder /ag a?
approx. 1:83 m
s - 73]
14c.s. 0] S- 18| non- plast/c
N7 9

(089.9

244 \Bottom of Test Fit

| sSwrveyea ot bottom
elevatior, /1050, 2

VERTICAL SCALE
{: 60

Golder Associates 7.7 0+/95

DRAWN A K

CHECKED DG
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G.8

No. Z?Z :2_225

Project

RECORD OF TEST PIT 7T R O+375
DATE 26 Aug (979

LOCATION (See Figure)

METHOD OF EXCAVATION D8 Cal & ripper PROJECT

DATUM Grourid surface
Dowrn  Valley

SOIL  PROFILE

DESCRIPTION

STRATIGRAPHY PLOT

1 1 L

GROUNDWATER

TESTING

1

Wp W

ELEVATION SCALE

SAMPLE NUMBER
SAMPLE TYPE

10 20 30

WATER CONTENT, PERCENT

—— 0

CONDITIONS

ADDITIONAL

LAB.

WL

40

/059, 3

Ground surtace

o000
108889

Organic debris
& 1moss.

o-4]
/B8 54

Frozen

o760

0b¢6. |

or‘ganz’c ST

Frozen brown fine

sandly SILT TiLL,

large schis? pebble

content

Zl]

=20

/08473

Frozer, most/ grey

finé sandly /clayey
SILT TiL, large

platy pebble content

q57

Bottorn of Test Pit

Surveyea pll boktlor
llevabiorn, /084. &

non- p last/c

BT o0
~ R

VERTICAL SCALE
/50

Golder Associates7? 0+375

oRAWN KK
CHECKED DG




722:-2€25

No.

Project

RECORD OF TEST PIT 7 F Ot560

LOCATION (See Figure) DATE 26 Aug 1979 DATUM (Ground surface

METHOD OF EXCAVATION D8 Catl & ripper  PROJECT Down yalley

SOIL  PROFILE

GROUNDWATER

TESTING

= § J ' | 1]

ELEVN, DESCRIPTION CONDITIONS

ADDITIONAL

WATER CONTENT, PERCENT
Wp W W,
e S R

o

3

o 8
STRATIGRAPHY PLOT
SAMPLE NUMBER
ELEVATION SCALE

LAB

SAMPLE TYPE

1090, 8 |Ground surface
55 Moss & organic debris

O-15\While volcanic ash
090,19\ I1Ter layereq organic

SILT &€ brown saridl)
O-6IN\ ST TILL yj

Greenish grey brown
5',/7'ye fine gAA)Z) fo
ffne sandy SILT TILL
high Tabular cobble/
boulder Cﬁ/‘/‘fé’/‘))‘ ot
reernis re

m foVo/can/g Fock

|

/1088 .5/
229

7/
Ny
|z

Grey esseniiall
massive BEDROCK,
mainly at eas? en
of pif ; sub~veriical
Jjoints occur (r1 the
rocts

T =T 7
’//\,:\"\’l
P B Ay

N
NN SNy

1086.53
4-27|Bottorn of 1est Fit

r 2

Surveyed pit botltorr
elevation ©OE7.E

VERTICAL SCALE . pRAWN KK
pare Golder Associates 7ro+s60 00 S




|19}

G.B.

792-2025

No.

Project

RECORD OF TEST PIT T.F o+760

/:50

LOCATION (See Fligure) DATE 26 Aug 1979 DATUM Growund surface
METHOD OF EXCAVATION D8 Catl & ripper  PROJECT Lowr  Laltey
SOIL  PROFILE
5 i g g
i a IE GROUNDWATER
ELEVN s[Elg] ® : S — £ ¥ CONDITIONS
. > > .
DEPTH PESGRIFTION <= " | & | WATER CONTENT, PERCENT | & g
2 § ? :>; Wp w W <
(m> & |z w } O -
Sl&] & ] 10 20 30 40
Jo9.9 |Ground surface
(== Orqganic debris 4 moss ==
O-16\White volcaniz ash /IS
Greenish brown R G -5/ ,
silty fine SAND TILL [$ S-zQnon- plasric
R C.5. o) AT - 2
c- 7
[0%0.22
168
Greenish grey p
Mmass Ve rmetavelcarife
rock dipping o
slope
/087.94
296 | Bottom of Tes? Fit
Surveyea pil bollomn
Eleya ELorr /088.5
VERTICAL SCALE . DRAWN KK’
Golder Associates 77 o0 s e




G.8B

Project No. _—_72'2'.2_225

LOCATION ( See

RECORD OF TEST PIT 7P O+905

Figure)

DATE 26 Aug 1979
METHOD OF EXCAVATION DB Catl & ripper PROJECT

DATUM (zround surface

Down valley

SOIL  PROFILE

DESCRIPTION

STRATIGRAPHY PLOT

SAMPLE NUMBER

SAMPLE TYPE

ELEVATION SCALE

- 1 1 1

WATER CONTENT, PERCENT
Wp w WL

0] 20 30 40

ADDITIONAL

LAB

GROUNDWATER

TESTING

CONDITIONS

/088.9

Ground surface

00
(088.Co

Moss & .
organic debris

rll

FFIL:I

O30
1088.23
o0-67

/0B7.07

Organic fine SAND
with volcanic csh

Lt

\ layer at base

Brown & red browrr
fine sandy SILT 7o

frozen

ity fine BAND, sorme |l
orgariic. layers, Ssorme|

e

1E3

/055.85]

Brownrn sardy S/ILT
TiLL., proba 2/
frozern, occ. SilT
iné sand layers

205

/(B4.63

Grave//é fine 7o
koarse

(probably  frozer)

ND ALLNIUME

427

/B F o2

Brown 5angy ST
TILL (,gcob bly
v3ern)

Bottorn of Test Fit

Surveyed pit bottorn
clevot&Lon
/o084 . 30

nor- p /astic

I

VERTICAL SCALE

o

Golder Associates 7P0+905

DRAWN K&~
CHECKED DG




RECORD OF TEST PIT 7-P /+095

No. /22-2025

Project

ni

G.B

LOCATION (See Figure) DATE 26 Aug 1979 DATUM Ground surtace
METHOD OF EXCAVATION D& Cat & ripper PROJECT Lowrl Vallely
SOIL  PROFILE
5 u 22
a| g I ik GROUNDWATER
ELEVN 1R ' ' ' : £ ¥ CONDITIONS
po} > e
DEPTH D 2| 7| &8 | wATER CONTENT, PERCENT | 8 ¢
Slelg| B | e w73
(m) glz) 2| a ' )
ool o w 10 20 30 40
jpeg.5|Ground surface
000 | Moss orqganic
[0£39. 2 de%r/s 7
O30\ olive brown fine
sandy SILT 77LL
(frozen below
[-Z2 rm7)
/ Froszen black \
orgarnic siLT P>
e Frozen
o7 | SAND E GRAVEL
244
Frozen greerish
browrn fine saricy
sILT T/ L
G5/
O 5-35
Wr- 13
c- /
(064, & ,
488 |Bottorrr of Test it
Surveyesy pilt bolttorrr
Clevarbiorn (OES5. &
VERTICAL SCALE . DRAWN K
Golder Associates 77 /+095 K

/50 CHECKED DG




RECORD OF TEST PIT 7F /+390

LOCATION (See Figure) DATE 26 Aug (979 DATUM Ground surface

METHOD OF EXCAVATION DR Cat & ripper PROJECT Down Valley

SOIL  PROFILE

No. 292 "2025

Project

GROUNDWATER

TESTING

] ! 1 i

DESCRIPTION CONDITIONS
WATER CONTENT, PERCENT
Wp W W,

r L >

ADDITIONAL

LAB.

SAMPLE NUMBER
ELEVATION SCALE

o

m

)

-~

o ol
STRATIGRAPHY PLOT
SAMPLE TYPE

061.3 | Ground surface

.00| Crganic debris
Og =) gé moss

T
1]

i

O30 |Crganric SILT, orgarzic
aebris, lenses of
volcarnic ash (mos7

of ash above 0-9 m)

T EBoUulLDER & coBBLE
/24

1-37 |Brown fine saridy SILTRSS
7ILL, nonplaslic, dense,as
Some fine To mediiurm ke
sand 7‘poc e1s al Top PN

of strailum

Waier rn
botio v
72st ,B/??

244\ Bottorn of Test Fit

Surveyeo! pit bottorr
cleverbion /o84 7

VERTICAL SCALE . DRAWN KK
— Golder Associates 77 /+3950 o000 -
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G.B.

No. 7_9_2_’_29_25

Project

RECORD OF TEST PIT T F /+680

/250

Golder Associates 77 1+s80

LOCATION (See Figure) DATE 26 Aug 1979 paTuM (Ground surface
METHOD OF EXCAVATION D8 Car & ripper PROJECT Dowry Valley
SOIL  PROFILE
5 u e
3 I Ik GROUNDWATER
ELEVN SHEE - ' - : E - CONDITIONS
L oo > > —
DEPTH g it <[] " | 8 | WATER CONTENT, PERCENT | 2 &
sluful & Wp w W 3
(m\ AR : -
El&] S| @ 10 20 30 40
08L.5. Ground _surface
ooo| Organic debris 2=
/c8C. 1 7 [moss o
| 0Plrrozen organic SILT
& brown 3ana
SILT COLLUVIOM
/c85.3 L o
(22| Brown_san SILT To P& -
silty Tfine 5/2\/ O S- 37
s 7 COLbL/é.,/y//uM wn‘/v NI - 28]
several organic % =
s\ Zeame? _/1\3{
Greenish brown \a
fine sandy SILT %
TiLL S
& -53
A S - 34
A g () O M-15
job2.2 X c-z
4-27\Bottorn of Test Fit
Survée. gea’ pLt bottom
clrevabiornr /082 &
VERTICAL SCALE pRAWN KX

CHECKED DG




No. 792 2225

Project

conas 57a_i7ees  RECORD OF TEST PIT 72 79-2/

1908 N 578 E

LOCATION (See Figure 3) DATE PecC. /2. /197F DATUM G rownd Surfoce
METHOD OF EXCAVATION 0-8 Ca7 & fpperprosecT Dowrn) Volley Tailings
SOIL  PROFILE
5 w L%
ol i a z e GROUNDWATER
@ o w
> | = w w = ! . - =
ELEVN. SEEERETION £13)¢1 . £ CONDITIONS
DEPTH < 3 WATER CONTENT, PERCENT | 8 o
elulul & Wp w W 3
(/77) ; s s 5 P ~O- ~
ElS| &1 o /o 2o 30 <0
1087 4| Grotird-Suriace
2} FFOzErn Orgaric.
08..8\S//1F & debr/s
0.6
Frozer greenshiny
grey SN S \
GRFUEL T/LL
occas/ornrel /Ce rFrosers
JersEs. 1OSH Dry
oF o Ferra/ 1S
highly Friob/e
-« | -1989 wxg/m3
¢s O %i 1217 5§/m;
cvdpa ! Samples takear [ FE A e 2 it
Iw = |/l &P rr? S
/083.4
7O frnd of Jest AF
ANOTE :
715 Pl SUbseQuenrtly
srcorpor@ted wbo fhe
fest excavabliors.
MERLIEE TR Golder Associates 77 r9-2, N <%
P2 e CHECKED DG-




Project No. 2%2_'29_25

RECORD OF TEST PIT 7F Z2+155

LOCATION (See Figure) paTE 25 Aug 1979 paTUM (Ground surtace

METHOD OF EXCAVATION DR Catl & ripper PROJECT Lowr? valley

SOIL  PROFILE

GROUNDWATER

TESTING

i ] 1 d

CONDITIONS

ADDITIONAL

ELEVH. DESCRIPTION
WATER CONTENT, PERCENT
We W W,

LAB.

SAMPLE NUMBER
ELEVATION SCALE

Q

3

" &
STRATIGRAPHY PLOT
SAMPLE TYPE

10 20 30 40

1o84.0|Ground  surtace

G.E

.00 55
/0303. 7 orglaom ic gebr/s
O30

Frozen, mixed

browr? ‘sandy SILT |, B
(TILL) COLLUVILUM & S
orqgdrnic S/ILT, S0IMe R
visible ice

0BL65]
2305

Brown silty SAND

N
N

0
)
n
@)
g
o

/076.6 ;
3.96 | Blue %reen mMassive

(07242 EDROCK

4-27\Bottorn of Jest Fit

AOTE

7ést prl levabror
estirnalbect o7l
orverisior, canal
baselined [rofile.

VERTICAL SCALE . DRAWN =
ron Golder Associates 77 2+/55 00




[YaYl

G.P

192-2025

No,

Project

RECORD OF TEST PIT T.F 2+5/5

LOCATION ( See Figure)

DATE Z5 Aug (979

METHOD OF EXCAVATION D8 Cat & ripper PROJECT

DATUM Ground surtace
Dowr Valley

SOIL  PROFILE
5 " e
4 3 g b GROUNDWATER
. | 2 w ? 1 1 1 I 8 &
ELEV I DESCRIPTION ElZ2HE] = 5 CONDITIONS
DEPTH g o WATER CONTENT, PERCENT | G o
(gl s —i % {7
(m) g[8 5| ——o—
= I w 10 20 30 40
/083.5 |Ground surface
e Moss &
[Le3.[ | orgarnic SILT
o4l
- 44
S - 25
O 1- 23
== &
Brown fine sandly
L
stic fo o
g/a.sf'ic/fy, 7riable - 5
boulder layer at o <- =z
5-5m N - 2
c- 7
1076.7
6-83|Bottorn of Test Pit
g ] s Golder Associates 77 2+515 ™A% KK
l:50 : CHECKED DG




i~

G.B

Project No. 792-2025

LOCATION (

RECORD OF TEST PIT 7R 2+9/0

See Figure)

oaTe 25 Awg /979
METHOD OF EXcAvaTioN D8 Cal & ripper progect

paTum Ground surtace
LDowrn Valley

SO

iIL  PROFILE

m
-
2
>4

DEPTH

(m)

DESCRIPTION

STRATIGRAPHY PLOT

SAMPLE NUMBER

SAMPLE TYPE

ELEVATION SCALE

1 ] 1 1

WATER CONTENT, PERCENT
Wp W WL
| |
Vi~ zZo B Lo

ADDITIONAL

TESTING

GROUNDWATER
CONDITIONS

086. O

Ground surface

logs”

O- Orgam‘c debris

/o%%q / 74

O-61 |\

en o//:/e brown
COLLUV/UM VS

sanay ST

08357 CI‘ ys

=y

zen brown 5andy
5/1_% .
conigins visible
ayer g’ Pl

coLLuViIy, O
ice
als, or amc :

5/L
ron

1079.9/

/A

o3en brown scmdy

gLL f/ce rf(: O
astic to low

pPlast /C/?‘[

366

y074.75

Frozen grey & brown [SS
fmeg 501%’ ‘
orgamc seam at

y " SILT TILL,

4-6m

LSt
=/ Ve

518 Bottorn of 7est Fit

NOTE :
TESL poLE eleva ELor

Lime proFile .

Rl Frormm
y.slory condl basg-

3
ZP
4

W

5ur7p C/a/ mud

flows accurr/ng
Thaw/ir

pr‘ogre 585

/:50

VERTICAL SCALE

Golder Associates77 2+9/0

orawN EK
CHECKED D& -




V.D. VI

Project No.ZQZ:ZQZS

RECORD OF TEST PIT 7F 2+/60

LOCATION ( See Figure)

oaTe 25 Aug 1979 DATUM Ground surface

METHOD OF EXCAVATION D8 Ca? & ripper PROJECT Dowr Valley

SOIL  PROFILE

DESCRIPTION

Q

m

v

=4

pu
STRATIGRAPHY PLOT

GROUNDWATER

TESTING

il ! ' ]

CONDITIONS
WATER CONTENT, PERCENT
Wp w Wi

Y
o —

ADDITIONAL
LAB. '

ELEVATION SCALE

SAMPLE NUMBER
SAMPLE TYPE

107223 |Ground surface

O-00|Frozen organic SILT &
ris & rhun volcarnic

1671.69 ash searmns, cobble

/
06/ |\ i stratum

Frozen brown grey
fm&g sandy SILT with
organjc seams at |1
approx. - 15 m irrervals;
some coarse sang
seams adjacent
orgariics

oY .
RO, ¥ i R

[069.25

at base of

z44 Unfrozen GRAVEL &
SAND “with boulaer
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Selected Site Photographs
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Water supply storage
Mine Waste reservoir

Dumps

Existing Tailings
Pond

Proposed Intermediate
Dam

Proposed Cross Valley
Dam

An aerial view of the Rose Creek Valley - June 1, 1979
(looking southeast and upstream)

Golder Associates



b -."‘t; ‘ e
&N

¥
al

s

-

N

.

Photos of Creek near Sta. 0+600 June 1, 1979.
Several boulders and bedrock outcrops occur in
the vicinity of the creek near the proposed
alignment of the diversion canal.
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Photos of Creek in outfall
area of proposed diversion
canal (approx. Sta. 3+000)

June 1, 1979
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Note schist rich till
over fine till. Former
is not suitable for dam
core.

Golder Associates

Till Borrow Pit
North Valley Wall
Test Pit 79-8



ion at Test Pit 0+750

Till Excavat
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Till Excavation at Test Pit 2+515
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Examples of excavated
frozen till material
from Test Pit 79-21.
(Sta. 1+900 of diversion
canal)

Temperature —40o Cs
December, 1979

Material had to be ripped
but usually crumbled on
excavation unless ice
lensed.
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782 3038
TP 77-4)
1084

Golder Associates

Sample of frozen till
recovered from Test Pit
79-21 near Sta. 1+900
of diversion canal.

Sample contains several
prominant ice lenses.

It is estimated that 25%

of the excavation would
be this type of material.

Unit weight:

119.7 1b/cu.ft.
1920 kg/m>
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Sample of frozen till
recovered from Test
Pit 79-21 near Sta.
1+900 of diversion
canal.

This sample is quite
dry.

Unit weight:

111.2 lbs/cu.ft.
1783.6 kg/m°



10.

Access roads on south
valley wall at west
end of proposed
diversion canal.

August, 1979
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1.

Note coarser gravel in
upper 1.5 m

Borrow Pit near West
Tailings Dam

Gravel shell of West
Tailings Dam

Drain Material manufactured
from Borrow Pit gravels
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Example Photographs of
Riprap Quarry Developed
in 1974.
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Example Photographs of
Riprap Quarry Developed
in 1974.
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Looking west towards working face. Note rock size centre right and poor rock quality at right and
left edges of pit. Area below man has been blasted. Note it is not excessively loosened. Note
traces of drill holes on left hand face.

BT



15,

Example of Developed
Gravel Terrace Borrow
Pits.

Use cat tracks
(about 0.5 m wide)
for scale.
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March 21, 1980

Test Excavation
in progress.

16.



17

Final touches on
excavation March 22, 1980
a.m. (looking N.W.)

Note completed dyke and
pilot channel notch.

Final survey being
conducted.

Starting to place
gravel on ramp.
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;fqvﬁ?ﬂ vk : " T : _ :ﬂ; Placement of Gravel
Lk [ A z 15 B Slope Protection.
' A q‘i?ﬁ . . :

Note width of gravel

As the buggy rounds

the bend (which will

not be the case in

the final excavation)
there is a tendency for
width to increase because
back wheels move out on
slope.
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19.

Completed test
excavation.

March 27, 1980

Note:

1. Borrow area left
of centre.

2. Drainage trench. Sub-
sequent to photo
gravel plug removed
and gravel dozed over
bottom of trench ramp
(trench has two loads
gravel in bottom).

3. Excess gravel in S.W.
corner dozed up onto
area where stake is.




NOTE:

APPENDIX V

TEST EXCAVATION

A full report regarding construction experience,
compaction densities and monitoring of the test section
is in progress. The final design of the canal will

be further modified if the test section performance
indicates need.
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1.0 INTRODUCTION

The purpose of this section of the report is to provide specific
information regarding the design of the Cross Valley earth dam. Informa-
tion regarding the overall project has been previously discussed and
detailed geotechnical data related to the foundation stratigraphy and the

proposed borrow pit materials may be found in Appendices III and VII.

The function of the Cross Valley Dam is to impound the water after it
has been separated from the tailings effluent of the mill for a suffici-
ently long period of time to permit chemical adjustment and to allow
deleterious particles to settle out of suspension. It is required that
this water be kept out of contact with the tailings which will be con-
tained upstream by an Intermediate Dam. Because of this requirement, it
is not possible to capitalize on the seepage reduction benefits which a
tailings dam gets from the upstream blanket of fine tailings sludge which

typically covers the ground surface.

It is necessary, therefore, to treat the Cross Valley Dam as a normal
water retaining embankment dam rather than a tailings retention dam.
Consequently, the dam design discussed in this report is based on proce-
dures appropriate to an earth dam situated in an area of moderate seis-
micity. The only advantage which may be taken of the mining context of
this construction project is that we may presume construction equipment
and manpower will be immediately available should emergency remedial work

become necessaryYe. /

The presence of permafrost in the foundation, the possibility of
construction work in severe winter conditions, and the scarcity of pre-
cedents for similarsstructures in this environment are major reasons for
concern and demand that a reasonably conservative approach be applied in

all significant aspects of the design.
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2.0 GEOLOGY OF SITE

The detailed geology of the site has been discussed in Section 6 of

this report. The results of the site investigation work are presented in

Appendix III.

From the viewpoint of dam stability and seepage control, it is

important to note the following major geological features of this site

which influence the design.

i)

3i)

idd)

iv)

v)

vi)

The valley is rock controlled and infilled by alluvium or

glacio-fluvial deposits to a depth of 25 m to 50 m.

The deep alluvial deposits vary in composition from pervious
sands and gravels to relatively impervious clayey silts or fine
sandy silts. The distribution of these different materials is
discontinuous and appears to be random both in depth and

lateral extent.

The soil-bedrock contact zone appears to be highly pervious at
some locations, consisting either of highly fractured schist or

coarse grained alluvium.

The near surface strata contain significant amounts of organic

matter varying from muskeg to organic silts.

There is evidence of discontinuous permafrost in the valley
bottom and the abutments. There is evidence that permafrost
has invaded most of the soil types and extends to about 9 m
depth in the central valley bottom and beyond 16 m in the south
abutment. Moisture contents as high as 56 per cent have been

recorded for frozen organic silts.

In the north abutment at depth there is a deposit of uniformly

graded silt which may be rock flour.
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vii) The valley bottom and abutment groundwater levels are generally

consistent with the present Rose Creek level.

The significance of the above aspects of the site geology are dis-

cussed separately in the appropriate sections of this report.

3.0 EARTH DAM DESIGN CONSIDERATIONS

There are several special considerations which are specifically
applicable to the design of a water retention embankment at the Cyprus

Anvil site.

3.1 Pollution Considerations

Water seepage through the embankment should be insignificant under
normal conditions, particularly in comparison to seepage through the

foundation.

Under seepage beneath the dam will be directly related to the per-
meability of the dominant foundation strata. Since the impounded water
may be chemically contaminated, it is necessary in the dam design to
provide measures to ensure the quantity of seepage is restricted to
reasonable amounts and that water which unavoidably bypasses the control

provisions is largely recaptured downstream of the dam.

3.2 Distortion of Structure

To prevent a large discharge of impounded water in an uncontrolled
manner, it is necessary to ensure that the embankment does not suffer
distortions or settlements in excess of design allowances. Cracking of
either the embankment core or the upstream blanket, or overtopping of the
spillway or embankment itself must, therefore, be addressed and appropri-

ate mitigative design developed.

The presence of discontinuous permafrost in the foundations, to

depths which are inaccessible in practical terms, requires that the
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embankment design allow for abrupt differential settlements which are in

excess of those normally encountered in such structures.

3.3 Increased Dam Height

The possibility exists that the future storage needs of the mine may
necessitate that the volume of the reservoir be enlarged. This would be
accomplished by substantially increasing the crest level of the embank-
ment. To allow for this contingency, the critical zones of the dam (core
and drain) must be designed to accommodate a significant increase in the

reservoir level.

3.4 On Site Equipment

As stated earlier, the proximity of this project to an operating mine
is a distinct advantage in that construction equipment and manpower would
be accessible at short notice. This would allow maintenance and/or
remedial work to be performed in areas of the dam which might require re-
pair as and when it became necessary. Since the foundation settlements in
areas underlain by deep permafrost cannot be accurately predicted, either
in time or magnitude, it is practical and prudent to rely to some degree
upon the "observational method"” of design and to plan for some contingency

repair worke.

3.5 Design Modifications During the Construction Phase

It is normal engineering practice in earth dam construction to modify
the design during the course of construction, especially at the stage of
foundation preparation. Due to the complicated nature of the alluvium at
this site, it is reasonable to anticipate that some design modifications

will be required here also.

4.0 RECOMMENDED ZONING OF DAM

Figure VI-1 shows the dam =zoning for a typical embankment section.

The main elements of the structure are discussed below.
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4.1 Crest width and Elevation

i) The crest width should be sufficient to allow safe passage of
all construction, maintenance or mining equipment which may be
allowed access to the crest. We recommend that the crest

should be at least 6 m wide.

ii) The crest should be surfaced with crushed granular fill of
sufficient thickness to provide an all-weather road without

permitting damage to the core.

iii) The design crest elevation should provide a freeboard of about
1.5 m. Therefore, for a maximum normal pond level of 1063.5 m,

the design crest level should be 1065 me.

iv) The constructed crest elevation should allow for 0.25 m
embankment f£ill settlement in addition to a conservative

allowance for foundation settlement.

4.2 gside Slopes

Provided the fill used in the construction of the embankment shells
is compacted to 100 percent of standard Proctor maximum dry density and
that it can provide shear strengths equivalent to at least @'= 33 degrees,
both the upstream and downstream side slopes may be constructed at 2
horizontal to 1 vertical. This recommendation is made on the understand-
ing that the pond will fill relatively slowly and that there is no pro-

vision for rapid reservoir drawdown.

4.3 Impervious Zones

The fill material used in the central core, the partial cut-off, and
the upstream blanket beneath the shell should consist of a well graded
silt till with between 20 percent and 50 percent passing the No. 200
sieve. The till should be compacted to 100 percent of standard Proctor

dry density. The placement moisture content for the primary blanket and
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the lower core should be at, or slightly below, optimum compaction

moisture content.

1)

id)

iii)

A central core has been chosen so that the primary upstream
blanket section beneath the shell (i.e. that part of the
blanket resting on reliable foundation material) could be
maximized. The width of the core at tail water level should be
at least 7 m; should the dam be subsequently raised to 1082 m
this would provide a ratio of core width to differential head

of 22 per cent. The core top width should be 4 m minimum.

The partial cut-off trench should be a minimum of 3 m deep and
have a 4 m wide base. Where foundation treatment requires
excavation in excess of 3 m, the impervious fill should be
carried down to the bottom of the excavation. The downstream
face of the trench should be inspected to ensure that the
impervious fill cannot enter the natural ground and if
necessary, a filter layer of well graded sand and gravel should

be interposed.

The contact between the core, the trench, and the blanket
should be made in such a manner as to ensure that preferential
seepage along the contacts will not occur. The trench should
preferably be excavated in the dry to allow inspection of the
side walls and the base; backfilling and compaction in the dry

is also desirable.
However, if it proves impractical to dewater the excavation, it
would be acceptable to excavate and backfill through water,

provided:-~

(a) sufficient on site inspection is available to ensure that

the trench has been adequately cleaned,
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(b) backfilling is performed according to a specified
placement technique,

(c) the slurry accumulation at the forward edge of the fill
be removed, and

(4) a maximum amount of stratigraphic detail is acquired from

the spoil.

iv) The impervious blanket should be extended 60 m upstream of the

upstream toe using a 2 m depth of relatively impervious fill.
It is anticipated that the clayey till which is scheduled to be
recovered from the channel excavation in the winter of 1980
will be a suitable material. Some effort should be made to
compact this soil after it has thawed. If there is a surplus
of clayey till available, this material would be more usefully
usefully employed by increasing the blanket thickness closer to

the dam rather than extending the blanket further upstream.
Both the primary and secondary blankets should extend up the
valley walls to elevation 1065 m, or to make contact with a

impervious strata which is continuous to crest level.

4.4 Upstream Filter/Transition Zone

Should the impervious zones crack for one reason or another, it is
desirable to have a soil type upstream of the crack which would be washed
into the hole to help seal off the leak. This provision avoids depending
on the core material itself to expand into the space and the consequent

reduction of the density of the neighbouring core material.

Ideally a fine, non-cohesive fill such as a silty sand should be used
upstream of the core. The coarse fraction of the silty till or the fine
tail of the sand and gravel would be suitable materials. This filter
transition fill should be placed against the upstream face of the core and

also over the primary section of the upstream blanket.
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4.5 Downstream Seepage Control Zones

The most critical shell fill sections are the chimney drain and
drainage blanket which control seepage downstream of the core (see Figure
VI-1). Both these zones should be constructed of clean, well graded sand
and gravel fill. Every effort must be made to avoid contamination of

these fill zones by silty or clayey materialse.

The chimney drain should be 4 m thick and be continuous with the
horizontal blanket drain which should be 2 m deep. The drain should ter-
minate in a shallow seepage collector ditch at the downstream toe to

facilitate seepage monitoring and/or collection and treatment of water.

The foundation material in contact with the base of the horizontal
blanket drain should be inspected during foundation treatment to determine
if it is sufficiently coarse to prevent contamination of the drain and if
necessary, a filter layer should be interposed. BAlso, the gradation of
the drainage zones should be checked during construction for compliance
with the filter criteria with respect to the core. Finally, the down-
stream shell fill should be checked to ensure that it cannot contaminate
the horizontal drain by being washed into the selected gravel fill during

rainfall percolation.

4.6 Upstream and Downstream Shell Fills

Select fill materials are required in the core and primary blanket
and also in the downstream chimney and blanket drains. The shell
materials are less important to the integrity of the dam but,
nevertheless, must not contain organic, frozen or other deleterious

matter.

In the upstream shell, the finer fill materials should be placed
near the base and near the core, with the coarser materials being placed
towards the outside slope. In the downstream shell, the coarser materials
should be placed on the side closer to the drainage zones. In addition,

the outside face should contain gravel sizes for erosion protection.
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4,7 Frozen Fill Materials

Special care must be taken throughout construction to ensure that
frozen fills are not placed in the dam. Measures must also be taken to
avoid freezing of exposed compacted fill horizontal surfaces, especially

where the fill materials are frost susceptible.

5.0 SITE PREPARATION

Permafrost has been encountered at the dam site during foundation

investigation worke.

Based upon existing theoretical computational techniques, the data in
Figure VI-2 is presented to underline the significance of frozen ground
beneath a structure. It may be seen from this figure that, for materials
similar to the frozen organic silts present at this site, thawing would
progress at the rate of 5 m to 7 m in one year, depending upon the
moisture content of the soil. The bottom set of curves indicates the pore
pressures which would be generated in soils of various consolidation
characteristics. From this, it may be seen that unacceptably high pore
pressures would develop beneath the dam during thawing of soils exhibits a
coefficient of consolidation, c,. below 1076 mz/s.

Because of relatively warm water being impounded above the blanket
and upstream core, and because of the inevitability of seepage water
entering the downstream foundation area, it is necessary to recognize that
thawing of permafrost beneath the dam is unavoidable. Consequently, we
recommend that all frozen soils which could result in either high pore
pressure development or large foundation settlements be removed by

excavations prior to placing embankment fill.

5.1 Choice of Alignment

Since the main problem related to this site is associated with the
presence of discontinuous permafrost in the foundations and abutments it

is highly desirable to locate the dam alignment in an area which minimizes
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the adverse effects of frozen ground which cannot be readily removed. The
present alignment, close to the active creek channel, was chosen for this
reason. The available investigation records indicate that the permafrost
beneath the dam on this alignment is minimal and this is consistent with
the fact that the nearby creek is a large source of heat which would

provide the energy required to thaw the frozen ground locally.

5.2 Foundation Preparation

iy The entire foundation area of the embankment should be

cleared, grubbed and stripped.

T 1) Organic matter and the frozen organic silts (or other frozen

materials with a c., less than about 1072 m2/s)

v
should be completely removed.

iii) Frozen uniform deposits, whether silt, sand or gravel, of
significant lateral extent should be assessed to determine
their probable density after they become thawed. Should the
predicted density fall below 60 per cent relative density, it
would be necessary to remove such deposits to avoid the

possibility of liquefaction during seismic loading.

iv) Where natural materials are removed, the excavation should be
backfilled with compacted granular materials or non-plastic

till, depending on the location.

v) Because of the differential settlements which are likely to
occur in the upstream secondary blanket due to permafrost
degradation, it is not considered reasonable to expend a lot of
effort on foundation preparation in this area. However, the
area should be cleared of any small trees, bushes or logs.
Where coarse gravels or cobbles appear at the surface, these

should be covered by well graded sand and gravel.
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5.3 Further Foundation Investigation

During the foundation clearing stage, and also during the core trench
excavation, it is recommended that the existance and extent of frozen

ground be further defined by means of drilling and seismic methods.

6.0 SEEPAGE CONTROL

Earth dams are designed to both minimize the amount of water
which seeps through and beneath a dam and also to remove this pressurized
water in a controlled manner so as to avoid loss of material from the
foundation strata and to prevent destabilization of the downstream face of

the embankment.

6.1 Seepage Reduction

i) The central core will be relatively impervious and the amount of
water which will pass through the embankment itself will be
insignificant provided the core remains intact. Should a crack
open in the core, it is most likely that the period of high
seepage would be limited since the core and transition fills
would consist of non-cohesive soil which would have the

capability to plug the crack through seepage induced migration.

ii) The upstream blanket is intended to present a relatively im-
pervious barrier to reservoir water entering the foundation
within the neighbourhood of the dam. The longer the blanket, up
to a point, the smaller the volume of seepage which could enter

the foundatione.

Figure VI-3 shows the theoretical relationship between seepage
water flowing beneath the dam and the length of blanket cons-
tructed. As can be seen from this plot, for the parameters
listed above the curve, a 30 m blanket is distinctly beneficial,
whereas a blanket length greater than 90 m has not apparent
incremental advantage. Consequently, the total blanket length

recommended for the Cross Valley Dam is 90 m. The initial 30 m,
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the most efficient length, is termed the primary blanket and
should be constructed over foundations from which permafrost has
been removed. The remaining 60 m, the secondary blanket, is
less efficient and because of this, it is considered unwarranted
to performNexpensive foundation preparation to avoid some

cracking of this section of the blanket.

The underseepage which is expected to pass through the founda-
tions cannot be reliably estimated since the quantity is direct-
ly related to the hydraulic conductivity of the most highly
permeable strata beneath the blanket. If the permeabilities and
foundation parameters shown in Figure VI-3 are correct, the
seepage through the Cross Valiey Dam foundation would amount to
about 0.03 m3/s (400 igpm) for an intact blanket, or to

about 0.04 m3/s (550 igpm) if only the primary blanket were

intact.

It must be emphasized, however, that it is not possible to
determine the average permeability of the foundation within one
order of magnitude although an understanding of the site geology
helps to some degree in assessing the probable effective conduc-
tivity of the aquifer. At Cyprus Anvil, it is likely, judging
from the site investigation records and the geomorphology of the
creek channel, that the vertical permeability is probably low
due to the alternation of the fine grained and coarse grainedl
deposits. Also, it appears unlikely that there are extensive
continuous horizontal strata of high permeability extending from

points upstream of the blanket to areas downstream of the core.

While a partial cut—-off is quite ineffective in reducing
underseepage in theory, these trenches prove to be quite
successful in practice. A partial cut-off interrupts the
horizontal continuity of the upper strata and these are

typically more loose and disturbed or weathered than those at
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greater depth. The trench would also cut across animal holes
and remove soils which might have contained shrinkage cracks or

decomposing roots.

6.2 Reduction of Seepage Pressures

i)

ii)

iii)

iv)

The chimney drain directly behind the core is designed to
relieve water pressure due to seepage through the core. The
chimney is also purposely graded to prevent core material being
washed away in the event of a crack developing in the core

fill.

The horizontal blanket drain provides a discharge conduit

for the core seepage and allows the foundation underseepage to
vent harmlessly at low pressure. Consequently, the possibility
of high, destabilizing pressures beneath the downstream shell

are greatly reduced.

The discharge from the blanket drain, in turn, would be
collected in the seepage ditch where it could be observed and
monitored. If desired, this water might then be collected and

treated or pumped back into the reservoir.

If, through observation of instrumentation, seepage pressures
in the downstream foundation after construction are found to be
undesirably high, or boils appear in the ground downstream of
the dam, relief wells may be installed at spacings which would

be adequate to bring the pressures under control again.

7.0 STABILITY OF DAM

The stability of the proposed earth dam and its shallow foundations

have been computed to determine the factor of safety (F) against shear

failure for the most critical loading conditions anticipated during the

embankment's construction and operating life.
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7.1 Method of Analysis

The Janbu method of stability analysis has been used to determine F
for each of the loading and strength conditions shown on Figures VI-4 and
VI-5. Relatively steep side slopes of 2 horizontal to 1 vertical have
been used in the embankment design so to minimize the area beneath the dam

which would require foundation treatment.

In order to approximate the loading conditions pertaining during
seismic vibrations resulting for an earthquake the Janbu analysis was

modified to incorporate a pseudostatic horizontal load in the equation.

The earthquake accelerations used were those recommended for this
site by the Dominion Observatory in Victoria, B.C. For the 100 year
return period earthguake an acceleration of 0.054 g was used and for the

200 year shock 0.097 g was used.

7.2 End of Construction Condition

The first critical stability condition which develops in an earth dam
is the "end of construction" case, when the embankment reaches its full
height and before pore pressure in the impervious fills have had time to
dissipate. It is our opinion that for a dam of this height, utilizing
non-plastic impervious fill materials, and designed with a relatively
slender central core which is compacted at or below optimum moisture
content, pore pressures immediately following construction will not be

sufficient to threaten the stability of the section.

7.3 Upstream Slope Stability

Figure VI-4 summarizes the results of analyses performed on the
failure wedge shown in the upper diagram. The F values computed for the
slope for a range of impervious fill or foundation soil strengths is shown

in the lower diagrams. Two conditions were examined.
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i) Considering a full pool, i.e. reservoir water impounded to
maximum normal water level, the F value for static (i.e. no
earthquake) as well as for horizontal accelerations equivalent
to the 200 year return period earthquake are shown. It may be
seen for the plots that the F value remains considerably above
unity (limit equilibrium or the point of failure) for both
conditions even when unreasonably weak soil conditions are

assumed.

i) Normally the critical stability condition for the upstream face
of an embankment dam is during rapid reservoir drawdown.
Although there is no provision for drawdown of the reservoir at
this site, there is still the possibility that the water level
could be surcharged to crest level due to failure of the new
Rose Creek canal followed by drawdown below normal pool level

because of spillway erosion.

A series of analyses were, therefore, carried out for the
condition of 2.5 m instantaneous drawdown, i.e. a sudden drop
in pool level without any attendant benefits in reduced blanket
or core pore pressure reductionse. The\results plotted on
Figure VI-4 show F value substantially\above unity even for the

remote possibility of a coincidental 100 year earthquake.

7.4 Downstream Slope Stability

Figure VI-5 summarizes the results of stability analyses performed on
the downstream slope for the wedge failure surface indicated in the sketch
at the top of the figure. The soil strengths used in the analyses are

also noted.

Three conditions were examined for both the static loading case and

for the loading associated with the 200 year return earthquake.
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Assuming the entire blanket remains intact, the hydraulic
gradient beneath the downstream slope would be low and con-
sequently the F value of the slope would be high. The results

for this, the most optimistic condition, are labelled A.

If it is assumed that the secondary blanket is ruptured to the
extent that it becomes totally ineffective, the resulting
higher seepage pressures beneath the downstream shell would

reduce the F values to those shown on line B.

If it is assumed that the primary blanket is seriously ruptured
oxr becomes parted from the core, the F values would drop to

those shown on line C.

It may be seen that in all cases the computed values of F
remain above unity for foundation strengths as low as @' = 30

degrees.

7.5 Foundation Stability

The foundation soils are generally competent and would normally not

be considered as a possible cause for concern with regard to shear fail-

ure. However, the foundation strata at Cyprus Anvil contain permafrost,

and consequently caution must be exercised in assessing the foundation

stability for two reasons:-

i)

ii)

High pore pressure may be generated when soils having a low

coefficient of consolidation thaw, and

When soils of high moisture content thaw the resulting soil may

be of very low density.

During foundation preparation, it is intended to remove the frozen

organic silts entirely and, therefore, the influence of permafrost will to

a large degree be removed. However, it will still be necessary to
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establish that no significant frozen deposits of uniformly graded silts,
sands, or gravels remain which, when thawed, might produce a loose deposit

which could liquify during an earthquake.

In the event that it becomes necessary at some later date to increase
the crest height of the dam, we recommend that the rock flour deposit on
the north abutment be further investigated to determine its density and

extent.

8.0 EROSION PROTECTION

i) The upstream slope should be protected from erosion by wave
action. At Cyprus Anvil, it should prove adequate to push the
coarser granular fills out to the face of the slope. Since the
pond level is likely to remain relatively stationary at about
1063.5 m, it would be prudent to place about 0.5 m of coarse

gravel to cobble sizes in the elevation range 1062 m to 1065 m.

da) The downstream slope should be protected against rutting due to
rain-water run~off. Again, pushing the coarse materials to the

outside face should provide adequate protection.

q340) To avoid overtopping of the embankment, it is necessary to
provide a spillway which can safely discharge the design
run-off. In this case, it would be prudent to assume that the
spillway should be capable of carrying the flow from Rose
Creek. This would allow for the contingency of canal failure

or a temporary diversion for canal maintenance.

9.0 INSTRUMENTATION

9.1 Visual Monitoring

It is imperative that, both during construction and during the
working life of the dam, routine observations be made of the embankment
and the area downstream of the dam by an informed conscientious inspector.

Cracks or settlements of the embankment, or the appearance of springs or
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boils in the dam or the natural ground downstream, should be immediately
reported to the designers. A particularly careful examination should be
made following earthquakes or other instances of unusual loading or pond

operation.

The visual observations should be supplemented by readings taken from

the installed instrumentation discussed below.

9.2 Instrumentation

Four simple types of monitoring devices are recommended for installa-

tion in the embankment.

i) Piezometers should be placed behind the core at the three
positions shown on Figuré VI-6. The purpose of these devices
is to measure water pressure in the drainage layers and the
foundations. These measurements would provide useful data
regarding the functioning of the seepage control zones of the
dam. Sets of piezometers should be installed at the three
quarter points of the embankment alignment as a minimum.
During construction other areas of concern may be identified

which require installation of piezometers.

id) Settlement gauges should be installed at the two locations
shown on Figure VI-6, i.e. beneath the core-to-blanket contact
and at the base of the partial cut-off trench. These devices
will provide data on the differential settlements in this

important contact zone.

Sets of settlement gauges should be installed on the same

sections used for piezometers.
iii) Surface movement monuments, consisting of metal pins driven or

concreted into the crest should be placed along the upstream

side of the crest at intervals of 50 m. Routine surveys of
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these monuments will help to identify any unusual embankment
movements. Each of these pins should be carefully

protected from accidental damage due to traffic.

(vi) One or more V-notch weirs should be constructed in the seepage
ditch to measure the rate of water flow. This simple device,
when read at regular intervals, is perhaps the most useful

indicator of dam performance.

It is most important that readings be taken on a routine basis and

that the data be reduced and plotted on the same day it is measured.

10.0 LABORATORY TESTING

10.1 Site Control Laboratory

During construction it will be necessary to have a materials lab-
oratory on site. This laboratory should be capable of performing routine

soil mechanics classification and compaction tests.

10.2 Laboratory Shear Strength Test Results

Laboratory triaxial compression tests have been performed in Golder
Associates' Vancouver laboratory on three samples of soil which are being
considered for embankment construction. These soils represents the
principal types of materials which are proposed for use for embankment

fills. The results are summarized in Figures VI-7, VI-8 and VI-9.

Figure VI-7 shows the results for a silty till which is proposed for

use in the core, the primary blanket and the partial cut-off trench.
Figure VI-8 shows the results for a clayey till which is proposed for

use in the secondary blanket and may be used in non-critical areas of the

shell fills.
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Figure VI-9 shows the results for a sand and gravel which is proposed
for use in the drainage zones of the dam and in the sensitive areas of the

shell fills.

A1l three materials indicate satisfactory shear strengths at the
stress levels which will pertain in the Cross Valley dam. The absence of
a cohesion intercept in the silty till sample indicates it is more

suitable for core fill material than the clayey till.
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APPENDIX VII

DISCUSSION OF BORROW PITS

For location of Borrow Pits see Figure VII-1.

Borryow Pit No. 1

This borrow possibility is located in the gravel terrace adjacent to
Rose Creei near the West Dam of existing tailings facility. No boreholes
or test pits have been done in this area but nearby excavation experience
suggests that a good yield of gravel can be obtained. Estimated total
volume of gravel available is 6 x 104 m3 down to Elev. 1068 m. However,

this volume may not be totally available depending on usage and water

elevation in the nearby filtration pond.

Borrow Pit No. 2

This borrow possibility is located in the gravel terrace to the north
of Borrow Pit No. 1. No test pits or boreholes have been done in this
area. Experience with the nearby borrow pit for the existing West Dam
indicates that good quality gravels and sands may be expected. Some
volcanic ash has been observed at the surface and depths of stripping up
to 1 m should be expected. The upper 1.5 m of gravel is usually coarser.

3

Estimated total volume of gravel available is 33 x 104 m~ down

to Elev. 1067 m.

Borrow Pit No. 3

This borrow pit is located in the gravel terrace to the west of Pit
No. 2. One test pit has been excavated near the centre of this area and
one in the northwest corner. Most of the area has no tree cover and was
found to be unfrozen. However, as the northern boundary is approached

some patches of permanently frozen gravel may be found. Gravel is also
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present north of this borrow area but much of it is frozen (at least near
surface) . This area is tree covered and is overlain by frozen organic

silts about 1.3 m in thickness.

The gravel is relatively coarse near the top of the profile and
appears to become sandier with depth. Permafrost gravel in this area does
not appear to contain any visible ice and should thaw quickly under summer
conditions. Occasional perched water table conditions should be antici-

pated at the northwest corner of the pit.

About 0.4 m of waste material will need to be stripped from the area.

3

Estimated total volume of gravel available is 49 x 104 m~ down to

Elev. 1059 m.

Borrow Pit No. 4

This area is just east of the Intermediate Dam and several boreholes
and a test pit have been done in this area. The remarks above for Pit No.
3 apply to this pit as well.

3

Estimated total volume of gravel available is 32 x 104 m3 down

to Elev. 1056 m.

Borrow Pit No. 5

This borrow pit consists of a gravel ridge situated between the
proposed Cross Valley and Intermediate Dams and falling adjacent to Rose
Creek. Much of the area was stripped during the summer of 1979 revealing
some pockets of frozen silty sand (difficult to rip) and organic silt. It
is estimated that 70 percent of the materials in this area could be used
as gravel fill for the dam. BAlso it is possible that, when thawed, some
of the silty sand would be desirable as an upstream sand zone for the
cross valley dam core.

The available amount of all materials in this pit is estimated at 30 x

104 u3 to Elev. 1053 m assuming full utilization.
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Borrow Pit No. 6

This pit is located on the north side of the valley between the Cross
Valley and Intermediate Dams. Several old borrow pits have been opened in
this area. The extremely complex stratigraphy consists of interlayered
and mixed gravel alluvium, schist rich till and silty sand. About 0.6 m
of stripping will be required in this area although locally greater depths
of stripping may be required. It is considered that this area should not
be categorized as a general fill source but rather as a source of specific
materials such as filter sands.

Total available volume of material in the area is about 22 x 104 m3

to Elev. 1053 m.

Borrow Pit No. 7

This pit area is located just downstream of the north abutment of the
Cross Valley Dam. It is intended that this area not be used in the Stage
I construction because it will be one of the few sources of gravel which
will be readily accessible after the terrace area within the new tailings
impoundment area is flooded. Furthermore, the Cross Valley Dam Spillway

will traverse this area.

Stratigraphically this area is considered similar to that at Borrow
Pit No. 6 although a greater gravel potential exists here as indicated by
an abandoned borrow pit. Nevertheless a schist rich till wedge traverses

the pit.

Estimated total available volume is 8 x 104 m3 to Elev. 1050 m

and about 65 percent of this should be good gravel fill.

Borrow Pit No. 8

This pit area is located on the south valley wall gravel terrace
adjacent to the alluvial fan in the outfall section of the diversion
canal. Again it is intended that this area not be depleted during Stage I
construction because it will be readily accessible for post Stage I

construction.
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This generally treeless area is underlain by discontinuously frozen
gravels which thaw readily under summer conditions. Again the gravels
appear to become sandier with depth as indicated by test pits within the
areas On approaching the southwest boundary of the deposit, tree growth
becomes thicker and frozen organic silts up to 2 m thick overlie the

gravels which sometimes contain ice and are difficult to excavate.

About 0.5 m of stripping would be required to develop this pit which
would yield about 10 x 104 3.

Borrow Pits No. ©

These borrow pits are not shown on the mapping of the area. These
borrow pits are up to 1200 m downstream of the Cross Valley Dam and may
never be used if the Cross Valley Dam is not raised above Elev. 1063 m.
Borrow pit No. 9B is about 900 m downstream from the Cross Valley Dam but
it is not readily accessible in summer due to soft ground. Borrow pit 9A
is about 400 m further downstream, but on the north side of Rose Creek,
and Borrow Pit 9 is situated adjacent to a north valley wall tributary
which enters the Rose Creek Valley about 1200 m downstream of the Cross

Valley Dame.

A test pit was excavated in the Pit 9B area revealing discontinuously
frozen gravels overlain by about 0.4 m of organic silt and volcanic ash
which would need to be stripped. The available volumes are estimated as

follows:

Borrow Pit 9: 57 % 104 m3
Borrow Pit 9A: 5.5 x 104 m3
Borrow Pit 9B: 13.6 x 104 m3

Additional gravel deposits appear to be available further downstream.

Borrow Pit No. 10

This borrow area is located on the north wall in the valley in the
designated core borrow area and it has been investigated using test pits

and boreholes. The depth to bedrock is about 4 m. The north and eastern
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pit often contain schist rich till inclusions (see photo sheet 4 of Appen-
dix IV) which should not be used in the dam core but should be acceptable
in certain portions of the dam section (i.e. Shell Type I). It is
estimated that about 26 x 104 m3 of material are available in this

area of which 60 percent would be usable as core. Some oversize (+150mm)
rejects occur in the till. Between 0.4 and 0.5 m of stripping should be

expected.

No evidence of permanently frozen ground was encountered in this
area. The till is generally compact to dense and ripping was used for
test pits. Exceﬁt for a moist till layer near the top of the deposit, the
till is far below its optimum water content and will need to be wetted to

obtain desired core material performance.

Borrow Pit No. 11

This area just to the east of Borrow Pit No. 10 has been investigated
using test pits and boreholes. The southern half of the area is ridden
with schist rich till deposits and shallow bedrock (as shallow as 2.5 m).
The northern half is much more promising and it is expected that a good

till borrow pit could be opened there.

The total available volume in this area is about 9 x 104 m3 of

which about 30 percent is expected to be useable as core borrow.

Borrow Pit No. 12

This area is located to the east of Borrow Pit No. 11 with only the
southern half (south of the creek) having been investigated using boreholes
and test pits. Bedrock is relatively shallow in this area (about 3 m) and
a stripping depth of 0.4 m should be expected. Isolated occurrences of

permafrost were noted in this area.

The total available volume in this area is about 9 x 104, of which

about 60 percent is expected to be usable as core material.
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Borrow Pit No. 13

Test Pit Nos. 80-24 and 80-25 have been excavated in this area and
indicate good core potential although some till appears to be partially
frozen and stratigraphic variations occur. The potential yield of till

material in this pit is up to 55 x 104 m3.

Borrow Pit No. 14

This borrow pit is located close to the intermediate dam and it
appears to hold promise of yielding substantial core material of good
quality. Test Pit Nos. 79-19 and 80-23 indicated good quality till but
some discontinuous permafrost is present. It is expected that exposure of
this till would introduce rapid théwing because it is not ice rich. BAbout
0.4 m of stripping would be required.

3

The potential volume available is about 30 x 104 m~ and a yield of

75 percent is suggested.

Early spring operation of the above borrow pits means that the near
surface materials will be frozen to the depth of seasonal frost. Frozen
till materials will generally be unsuitable for use in the dams unless
allowed to thawe. Such a consideration must be applied to the estimated

yields above.

A borrow pit summary is shown on Table VII-1.
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0 N9 0 U b W N =

TABLE VII - 1

Borrow Pit Summary

Material

Gravel
Gravel
Gravel
Gravel
Gravel

Gravel & Broken Rock

Gravel & Broken Rock

Gravel
Gravel
Till
Till
Till
Till
Till

Golder Associates
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Est'd Volume

m3

6.2 x 104
33 x 104
49 x 104
32 x 104
30 x 104
22 x 104

8 x 104
15 x 104
76 x 104
26 x 104
12.5 x 104

9.3 x 104
55 x 104
30 x 104
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1.0 INTRODUCTION

This report deals with the geothermal and geotechnical aspects of the
proposed Rose Creek diversion canal to be constructed on the south wall of
the Rose Creek Valley adjacent to the proposed new Cyprus Aﬁvil tailings
and water retention facilities. The location and approximate alignment of
the proposed canal are discussed in the main body of the report (see
Figure 7-1). Specifically, this report deals with that portion of the
canal between the downstream end of the existing upstream diversion and
the beginning of the outfall section at the downstream end of the proposed

canal.

2.0 GEOTHERMAL AND THAW CONSOLIDATION CONSIDERATIONS

2.1 General Comments

Excess pore water pressures induced by thaw consolidation processes
which take place when permafrost thaws have obvious implications for slope
stability considerations. 1In order to predict the consequences of
permafrost degradation in terms of the excess pore water pressures, the

rate of degradation must be defined.

In terms of the proposed Rose Creek diversion canal, the most impor-
tant concern involving slope stability and permafrost degradation are the
thaw slope stability in the cut back slope of the canal, the failure of
the waste piles being'considered a secondary concern in terms of the
performance of the canal. These are particularly critical within the
region where the canal is adjacent to the proposed water retention portion
of the development because rapid thawing of permafrost at the toe of the

construction could take place due to free water storage.

The geothermal response of permafrost soils is sensitive to many
environmental factors. As well as ground and ambient air temperatures and
soil thermal properties and conditions, these factors include snow cover,
ice (water) content, peat or other insulating cover, disturbance of the
natural ground cover, terrain aspect, and surface drainage, to name a few

of the most important factors.
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Experience has shown that in permafrost areas, where clearing is done
in a manner that avoids disturbance of the insulating organic cover and
ground surface disturbance is minimal, little if any degradation of
permafrost will take place. Such clearing is most easily achieved during
the winter season when the insulating cover is least fragile. 1In cases
where there was no attempt to preserve the insulating moss cover during
clearing, high rates of degradation inevitably occurred during the
ensuing thaw season and this produced slope failures, even on very shallow
slopes. Consequently, clearing and/or excavation for channel construction
must be undertaken during the winter season, to permit placement of ade-
quate amounts of insulating material on the exposed permafrost before the
following thaw season. If it is necessary to clear areas beyond the
perimeter of the channel construction the least rate of permafrost degrad-
ation will occur if such areas are cleared by hand, or alternatively, if
these areas are also covered with an adequate insulating layer of gravel

or other suitable material.

2.2 Geothermal Considerations

A one-dimensional geothermal analysis has been carried out for the
diversion canal section using the mean daily air temperature data for the
Cyprus Anvil site (Table 1) together with pertinent soil thermal proper-
ties selected from Jumikis (1977). This analysis was applied to the soils
observed to exist at the site as well as to borrow materials anticipated
for use in canal construction. On the basis of the soil parameters and
canal geometry selected, thaw in the vicinity of the proposed channel
section can be expected to reach a depth of approximately 2.9 m (9.5 ft.)
below the gravel surface of the constructed channel during the first thaw
season. Total freezeback during the following winter season can be
expected where water is not in contact with the ground surface. Due to
reductions in water contents caused by consolidation during seasonal
thawing, subsequent annual thaw depths will be slightly greater, however,
induced excess pore water pressures will reach their worst condition, with

respect to stability, during the first thaw season.
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Where water is in contact with the ground surface on a continuous, or
near continuous basis, more rapid thaw will occur. This will be the case
in the water storage area between the cross valley and intermediate dams,

as well as for a portion of the bottom of the diversion canal.

2.3 Theory of Stability for Thawing Slopes

Because of the likelihood of substantial thaw, it has been deemed
necessary to undertake stability assessments involving thaw consolidation
considerations. Details of these assessments are discussed in Section 3
of this report. These assessments are based on the argument that the
factor of safety against sliding for a two layered infinite slope in

thawing permafrost has been shown by Nixon (1973) to be:

e B r¥d |l+keH/ Kk d fon @'
S P +od [ +2R?*+ kH/k d| tan @
where:- Py = the overburden pressure applied by soils above the

ground water table

§y & §¥"' = the total and effective unit weights, respectively, of
thawing soil

k) & ky = the thermal conductivities of the upper and
lower layers, respectively, of the two layer system

H = thickness of the upper layer measured normal to the face
of the slope

d = depth of thaw in the second layer, measured normal to
the face of the slope (i.e. total depth of thaw normal
to the face of the slope is H + d)

o' = the effective angle of internal friction of the lower
layer of thawing soil

6 = the overall slope angle

R = the thaw consolidation ratio.
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All of these variables can be adequately defined in terms of class-
ical slope stability usage except for R, which describes the relative
influence on excess pore water pressure of the rate at which water is
produced by thawing, and the rate at which it can be expelled from the

thawed soil overlying the thaw front.

The value of R has been shown by Morgenstern and Nixon (1971), in a

one-dimensional analysis, to be:-

IR S
R= 7 B

the depth of thaw normal to the slope surface

i

where:- a4
t = time

cy = coefficient of consolidation of the thawing soil.
(The component 4/ Vt in this equation is normally a constant for
a given soil/thaw condition)

The coefficient of consolidation and the density related soil stress
also define the excess pore water pressure at the thaw front and in a two
layered system the relationship was shown by Morgenstern and Nixon (1971)

to be:-
R+ y'd

I +.L (/+/<2'H
2R? k,d

where:- P, + ¥'da = the effective stress at the thaw front at depth Htd
after complete dissipation of excess pore pressures.

U:

As stated previously, the evaluation of excess pore water pressures
is central to the ability to assess the stability of thawing permafrost
slopes. This requires the evaluation of the thaw consolidation ratio R.
In these considerations, the variables 4 and t reflect the geothermal
analysis of the climatic and soil conditions of the site (see Section

2.2).
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Although there are a number of laboratory, field and analytical tech-
niques available for use in the evaluation of c,, it is notoriously
difficult to evaluate to accuracies within even one order of magnitude.
The téchniques available have been discussed by McRoberts, Fletcher and
Nixon (1978). Based on this work, as well as the results of a number of
case studies carried out in the MacKenzie Valley, a range of values for
Cy of between 2.5 x 10~3 and 2.5 x 10~2 cmz/sec has been chosen
for use in the evaluation of the thaw consolidation ratio, R, for the

materials through which the proposed diversion canal will be constructed.

2.4 Summary

When the above geothermal/geotechnical considerations are applied in
the analysis of a thawing permafrost slope to assess its stability over a
period of years it can be shown (McRoberts et al (1978)) that the maximum
normalized pore pressure, and hence the lowest factor of safety, will
occur during the first thaw season and that stability will tend to
improve with time. Keeping in mind that conditions may also improve with
depth of degradation, due to the presence of denser soils and the
influence of two-dimenstional effects in enhancing stability, the most
critical conditions can be seen to occur during the initial stages of
thaw. The worst condition is believed closely approximated using the
method proposed by Morgenstern and Nixon (1971), provided an average value

for the ratio of 4/ V t can be predicted for the first thaw season.

3.0 STABILITY ANALYSES

3.1 Backslope of Diversion Canal

Analyses using the criteria outlined in Section 2 have been used to
assess the stability of the backslope portion of the diversion canal.
These analyses were performed for materials with in situ shear strengths
represented by effective angles of internal friction of 30, 35 and 40
degrees. This range of strengths was chosen on the basis of the

laboratory triaxial tests carried out on materials from the cross valley
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dam abutment area and that are discussed in that section of this report,
and from considerations of the in situ moisture (ice) contents and grain
size distributions of the materials which have been observed along the

proposed channel alignment.

For these analyses it has been assumed that the gravel placed on the
channel backslope is free draining and that the phreatic surface will be

at the boundary between the gravel and the underlying native materials.

Figures VIII-1 to VIII-5, inclusive, show the dependence of factor of
safety on backslope gradient for in situ materials with varying shear
strengths, on coefficients of consolidation for a range of gravel insula-
tion thicknesses and on depths of thaw beneath the gravel insulation. The
width of gravel corresponding to the thickness required in each case is

also shown on these figures.

Figure VIII-1 is representative of both the case when thaw does not
penetrate beneath the base of the gravel at any time and the case in which
the thaw consolidation process has reached equilibrium and all excess pore
water pressures have been completely dissipated. This figure, in other
words, is representative of the long term stability of the channel
backslope irrespective of the amount of gravel insulation (assuming that
the slope remains intact until the equilibrium condition is achieved).
Figures VIII-2 to VIII-5 introduce the additional variable of thaw depth,

coefficient of consolidation and slope angle.

Figure VIII-6 is a composite of the 2 horizontal to 1 vertical por-
tions of all of the above analyses. It permits determination of the
conclusion that, where fine grained, weaker soils are encountered (e.g.

' = 30 degrees and c, = 2.5 x 103 cmz/sec) the width, B, of gravel

v
insulation required to achieve a factor of safety of approximately 1.05

would be approximately 5.2 m (17.1 ft.). Where stronger and more free
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draining materials are encountered along the backslope excavation (e.g.

p' = 37 degrees, and c_ = 2.5 x 102 cmz/sec) then the minimum

v
practicable width, B, of gravel of 3.66 m (12.0 ft.) would result in a
factor of safety of approximately 1.20 against slope stability failure due
to thawing. (The d = 0 axis on this figure is also representative of the
long term factor of safety for thawed consolidated slopes with gradients
of 2 horizontal to 1 vertical under the conditions of seepage forces
related to the high water table shown.

The curves on Figure VIII-6 for materials with c_, = 2.5 x 10~4 cm?2/sec

v
are shown to demonstrate the sensitivity of the analysis to ¢ when its
value becomes smaller than approximately 2.5 x 10~3 cm?/sec. None

of the materials observed at the site are believed to have values of c, of

any less than the chosen lower bound of 2.5 x 10~ 3cm?/sec.

For the conservative range of strength and coefficient of consolida-
tion parameters which have been chosen for the analyses, it is considered
that minimum factors of safety of 1.05 are reasonable considering the
transient stability conditions being addressed and because the long term
factor of safety against instability as shown on the 4 = 0 axis of Figure
VIII-6 is above an acceptable minimum as represented in Figure VIII-1 and

in Figure VIII-6 along the d = 0 axis.

3.2 Toe Region of the Overall Chahnel Section

The toe region of the overall channel section between the cross
valley and intermediate dams will ultimately be below the surface level of
the water stored in this area. Consequently, it is prudent to assume that
rapid thaw will occur with resulting high pore water pressures at the thaw

front in the native soils.
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A one-dimensional analysis has been carried out, assuming a continu-
ous temperature of +4° C at the ground surface in this area and indicates

that the 4/ t ratio is approximately 0.06 cm/secl/2,

Figure VIII-7 is a graphical representation of the factor of safety
versus slope gradient which highlights thaw consolidation considerations
for the region downslope of the toe of the channel excavation spoil pile.
It is noted that the ground surface at the toe of the soil in the region
between the two proposed dams varies between approximately 10 and 12

degrees with some localized slopes up to 16 degrees in steepness.

The results of the analysis, shown on Figure VIII-7, indicate that
there is little risk of local underwater slope failures‘along the
downslope toe of the canal construction due to rapid thawing of

permafrost.

If the region downslope of the toe of the overall channel cons-
truction within the proposed tailing retention area is not disturbed by
construction activities, or alternatively, is properly treated after any
such disturbance (Section 2.1), thaw slope stability failures in this area

should not occur.

3.3 Overall Channel Stability

As addressed above, the critical areas with respect to channel
stability are considered to be the back slope section (Section 3.1) and
the submerged toe region of the valley wall downslope from the channel.
Overall stability of the channel section will be greater than for either
of the above cases with one possible exception. The exception may occur
if channel construction spoil materials are placed over actively thawing
ground or ground in which a talic, or unfrozen sandwiched zone related to
the previous thaw season remains below the ground surface. If this
situation occurs, and the slope gradient is sufficiently steep, the normal
loads applied to the thawing surface could induce excess soil porewater

pressures sufficient to initiate slope movement.

Golder Associates



VIII-O

Once initiated, these movements would continue until static
equilibrium is achieved under the thawing condition of the first summer
erosion, and the consequence would be distortion or destruction of some
portions of the channel spoil pile. Choice of winter construction is
therefore adviseable because post-sliding mitigative measures are not
attractive. They would include either the reduction of loads applied to
the thawed or thawing soil, or alternatively, the application of
sufficient loads at the toe of the fill slope to stop the movements. The
first of these may infringe on the design requirements of the proposed
channel section and the second, particularly where original ground surface
gradients are steep, could involve buttressing fill founded on the floor

of the valley.

If spoil pile foundation failures occur because of high pore water
pressures in the talic, (unfrozen sandwich zone) they will take place
during construction and will not extend to depths greater than that of the
talic, nor to distances further upslope than the limit of the fills which

induce these failures.

The most desirable solution is to avoid the problem by placing these
fills when the ground is frozen. This requirement includes planning
contractor activities to minimize the likelihood that residual talic from
the previous thaw season remains beneath the ground surface at the onset

of local spoil pile building.

3.4 Spoil Section Failure

In addition to the slight possibility of foundation-related stability
failures at the toe region of the excavation spoil section (Section 3.2)
and of overall creep movements occurring in the soils beneath it (Section
3.3), the nature of the spoil materials and the manner in which they are
to be placed is expected to result in some subsidence and perceptible
downslope movements within the spoil mass itself, as well as shallow

slope failures on its surface. BAside from shallow surficial movements,
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these events, if they occur at all, can be expected to take place in late
summer and early fall. One or any combination of these phenomena may
cause some minor distress to the engineered fill portion of the channel
construction. Although these are not conditions which can be economically
or practicably prevented, they are conditions which, if they occur at all,
will decrease in severity with time and, over a period of several years,
will stop altogether. It is suggested, therefore, that they be dealt with
as a maintenance item and that careful record be kept of the nature,

location and frequency of remedial activity.

3.5 sSolifluction of Materials Upslope of Channel Construction

It is believed that the surficial layer of moss and earth materials
on the slope in which the proposed channel is to be constructed are exper-
iencing slow downslope movements, particularly in the steeper slope
sections and where the permafrost has relatively higher ice content. The
indications are, however, that if such movements are occurring, they are
occurring at rates perhaps not exceeding a few centimeters per year. One
area of solifluction movement sufficient to cause tilting of the tree
cover is located at Chainage 2+000 (see Figure 7-1). These areas there-
fore present a need for careful post-construction scrutiny to determine if
there is a need to install cross slope sand drains to reduce the near-

surface ice content through year-by-year drainage of the active layer.

3.6 Deep Seated Creep

There is no evidence of deep seated creep having occurred on the
south valley wall of the Rose Creek Valley in the past. The permafrost
is, according to the water content determinations, not ice rich, nor is
there conclusive evidence of continuous ice lensing in the slope.
Consequently, the excavations proposed for the channel construction are
not expected to initiate creep movements in the materials upslope from the

canal.
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3.7 Seismic Considerations

3.7.1 Introduction

A seismic risk analysis for the Cyprus Anvil site was provided by
the Pacific Geoscience Center. A copy of this document is included
in Appendix X of the main report. The risk analysis suggests that a
k = 5.4 and 9.7 per cent gravity be used respectively for the 100 and 200

year return periods.

3.7.2 Pseudo-Static Stability Analyses
The application of pseudo-static techniques to the analyses discussed

in the previous sections can be summarized as follows:-

tan &
[Fg (pseudo-static)] = [Fg (static)]
tan [tan !(k)+6]

For example, in the case of a slope with a gradient of 2 horizontal
to 1 vertical, the factors of safety calculated using the pseudo-static

approach are:-

For 100-Year return period (k = 0.054 gqg)
(Fg pseudo-static) = 0.88 x (Fg static)

For 200-Year return period (k = 0.097 g)
(Fg pseudo-static) = 0.80 x (Eg static)

The assumptions are made in the pseudo-static analysis that the
applied earthquake force is continuous and not cyclic and that it is act-
ing in the plane of the section being analyzed. These are severe assump—
tions when assumed simultaneously additive, and the factors of safety so

calculated are considered to be unrealistically low.
The pseudo-static analysis does not, however, recognize or different-

iate between the two potential effects caused by the imposition of

earthquake forces on natural or man-made slopes. These are displacements
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as a result of ground accelerations and liquefaction of the slope or
its foundation soils as a consequence of ground shaking. These phenomena

are dealt with in the following sections.

3.7.3 Displacements as a Result of Ground Accelerations

In a slope of relatively uniform density subjected to a reasonably
uniform acceleration throughout its height, experimental evidence (Goodman
and Seed (1966) and Makdisi and Seed (1978)) suggests that failure occurs
by mass sliding of a thin surface zone. During acceleration of the earth-
quake, inertia forces may induce momentary instability of this mass
causing it to slide downhill. However, before any appreciable movements
occur, the direction of ground acceleration is reversed and the motion of
the surface layer is arrested, only to be started again in the following
acceleration cycle. The overall effect is a progressive displacement
causing flattening of the slope at its toe and settlement at its crest. If
the initial inclination of the slope is less than the friction angle,
movement can only occur when the inertia forces induce temporary instabil-
ity, and no further displacement will occur when the ground motion has
ceased. Techniques to calculate earthquake induced displacements have
been developed by Goodman and Seed (1966) and Makdisi and Seed (1978). As
explained below, neither of these techniques relies on the pseudo-static

method of anlaysis to arrive at estimates of final displacements.

a) Goodman and Seed (1966) assumes that the friction angle and shear
strength intercept decrease with shear deformation and that each
successive acceleration pulse produces a corresponding displace-
ment of the slope. Figure VIII-8 illustrates this phenomenon.
Numerical integration can be used to calculate displacement from
an expression for the velocity or, alternatively, there is a

simplified expression for displacement.

b) Makdisi and Seed (1978) utilize three steps in the calculation

of displacement:
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i) First, static analyses are used to determine the horizontal
or "yield" acceleration ky(g) required to because failure

of the slope.

ii) sSecond, the earthquake induced accelerations, kmax' for
the slope can be computed by using a simplified procedure
described by Makdisi and Seed (1978), or by resorting to
statistical data such as that provided by the Pacific

Geoscience Center, or use of appropriate computer programs.

iii) Thirdly, the quantities determined from Steps one and two are
used to determine displacement through application of design

charts which have been drawn up using numerical integration.

To apply these techniques to all of the static analyses that have
been done would involve extensive analysis. However, application of the
latter techniques to the worst probable case of a high channel backslope,
low materials shear strength (@' = 30 degrees) and a low coefficient of
consolidation (cV = 2.5 x 10~3 cmz/sec) for a 1 in 200 year earthquake
event occurring at the time of maximum thaw depth during the first thaw
season after construction, predicts about 0.2 m (0.62 ft.) of downslope
movements of the gravel insulation and the underlying thawed soil. After
the completion of thaw consolidation and the dissipation of excess pore
water pressures, a similar earthquake event is predicted to produce a
downslope movement in the gravel and weaker soils of less than a centi-
meter. The generation of these solutions is shown on Figure VIII-9 for

illustration.

The subaqueous soils downslope from the toe of the channel con-
struction in the water storage area may experience skin flow failures
during an earthquake event, in isolated areas where shear strengths are
low and where pore pressures due to thaw consolidation are high. Again,

once geothermal equilibrium is achieved and thaw induced pore water
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pressures have been dissipated, earthquake induced stability failures

should not occur.

Briefly then, if a severe summer time earthquake (i.e.k = 0.10+g)
occurs during the first several years of canal operation, some isolated
sections of the construction (i.e. those sections with low @' and c,)
may experience damage. As thawing pore pressures dissipate with time,
stability of the construction will increase and the probability of serious
damage to the canal due to earthquake induced motions will decrease to the
point where only slight damage would occur in areas with relatively weak

foundation soils, even during a severe earthquake.

3.7.4 Liquefaction

In cases where the soil is cohesionless, the second effect of the
imposition of earthquake forces mass is the possible liquefaction of the
material. For the case being considered, the insulating gravel is essen-
tially free draining and well graded and, therefore, not susceptible: to
liquefaction because it will be fully drained. The only effect on the
canal construction, exclusive of its foundation soils, of seismic loading
will be lateral displacement as discussed in the previous section. How-
ever, the soils underlying some portions of the canal construction may be
saturated and loose when they are thawed, and consequently, minor sus-
ceptibility to liquefaction may be present. The glacial till at the site
is considered to be resistant to liquefaction during ground shaking. In
any areas where loose saturated silts or sands are present, liquefaction
may occur during an earthquake event. Fortunately, field investigation
has shown that these materials are not present to any significant extent
beneath the channel except, possibly, under isoclated sections of the spoil
excavation portion of the construction. Because of the low probability
of liquefaction failures involving these piles it is recommended that such

failures should be dealt with on a maintenance basis if they occur.

Golder Associates



VIII=15

4.0 SEEPAGE CONSIDERATIONS

Seepage losses from the proposed diversion channel have been calcu-

lated for three flow conditions. These include:

(1) the fall/winter low flow situation (10 cfs or 0.28 m3/s),
(2) spring runoff flow (100 cfs or 2.8 m3/s),
(3) and the 5 year flood (1320 cfs or 37 m3/s).

Seepage analyses have been performed with consideration of the perti-
nent flow widths and depths corresponding to these flow stages. The
channel has been considered to be perched above the existing groundwater
table in the valley wall and that the seepage flow consists of vertical
underdrainage to this existing groundwater regime. Seepage losses in the

outfall portion of the diversion channel were not considered.

Cyprus Anvil has indicated that seepage losses from the diversion
channel should not exceed 20 percent of the flow to a maximum of 0.15
m3/sec. (2000 gpm). In order to satisfy this criterion, the maximum
permeabilities of the soil over which an unlined channel may be cons-
tructed have been calculated to be 4 x 10-4cm/s for wintertime low
flow condition, 7.7 x 10'4cm/s for the spring runoff flow, and 2.65 x
10'4cm/s for the 5 year flood. Since the soils found along the
diversion channel alignment are quite variable and because there is a
potential deviation between laboratory testing and field performance, it
is considered prudent to recommend that the canal be lined in areas where

the soil exhibits permeability of greater than 10'4cm/s.
It is presently anticipated that it will be necessary to line up to

1000 m of the channel length. This includes areas between Sta. 0+000 and

0+700 and where excavation in bedrock is required (i.e. near Sta. 1+500
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and 2+300) . Additional areas where a till blanket is applied as a seepage
control measure will be dilineated at the discretion of the supervising

engineer as excavation progresses.

The lining for the canal could be either a compacted blanket of fine
grained material or a plastic liner. While the latter may be preferable
for reasons of low permeability and resistance to freeze-thaw degredation,
economics and the practicability of its application over short sections at
different time periods may preclude its use. Furthermore, a 0.3 m thick
layer of bedding sand would be necessary beneath the plastic liner. The

environmental acceptability of a plastic liner is also in question.

If a blanket of relatively fine grained material is used, the
material should have a minimum of 20 percent of the soil particles passing
the No. 200 sieve. This material will, in all probablility, be the silty
till found near the site. The blanket should be 1 m thick and placed in

0.3 m thick well-compated lifts.

The lining material should have a permeability of less than 1076
cm/s in a laboratory test. While a permeability value of only 1073 is
necessary to substantially cut off the seepage, test results have indi-
cated that the permeability of fine grained compacted soils typical to the
Anvil site may increase by more than an order of magnitude when subjected

to repeated freeze-thaw cycles.

5.0 SUMMARY OF CONCLUSIONS

a) One-dimensional geothermal considerations indicate that first
season thaw can reach a computed depth of approximately 2.9 m
(9.5 ft.) beneath the surface of a practicable width of gravel
lining/insulation to be placed over the constructed channel

section.
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b) Using effective angles of internal friction of 30, 35, and 40
degrees together with coefficients of consolidation of 2.5 x
1073 and 2.5 x 1072 cm?/sec, thaw slope stability analyses
incidate that 2 horizontal to 1 vertical side slopes will provide
adequate short term factors of safety for the back cut slope of
the channel. The analyses also indicate that the factors of
safety increase markedly over the long term as thaw consolidation

induced pore water pressures dissipate with time.

c) One-dimensional geothermal analyses for the slopes in the
vicinity of the downslope portion of the overall construction in
the area of the proposed water retention area between the
cross—-valley and intermediate dams indicate that continuous thaw
in the subaqueous soils have a d// t ratio of approximately 0.06
cm/secl/z.

d) Using effective angles of internal friction of 30, 35, and 40
degrees, together with coefficients of consolidation of 2.5 x
1073 and 2.5 x 1072 cm?/sec, thaw slope stability analyses
indicate that slope failures near the toe of the channel spoil

pile are unlikely.

e) Overall channel stability could be threatened if construction
materials or excavation spoil are placed on thawing permafrost or
over areas in which an unfrozen sandwich layer (talic) from the
previous thaw season exists beneath the ground surface. If this
occurs over significant areas during construction, continuous
downslope movements of those portions of the construction placed

on the original ground surface could be initiated.
f) Some subsidence, surficial sloughing and downslope movements

within the unengineered portion of the excavation spoil can be

expected due to the nature and methods of placement of these
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materials. These movements are not expected to compromise the
integrity of the channel construction proper and are expected to

cease after the first two or three thaw seasons.

There is no evidence of deep seated creep movements taking place
in the south wall of the Rose Creek Valley and excavations for the
proposed diversion canal are not expected to initiate such move-

ments in the materials upslope from the canal.

Seismic risk analyses indicate that 1 in 100 year and 1 in 200

year earthquake events would involve firm ground accelerations of
5.4 and 9.7 per cent gravity, respectively. Pseudo-static analy-
ses using these criteria are believed to provide unrealistically

low factors of safety for the proposed channel construction.

Assessment of earthquake induced slope displacements involving low
strength soil and a low coefficient of consolidation (@' = 30

degrees and c, = 2.5 x 1073 cm?/sec) indicates that downslope

v
movements less than 0.2 m (0.66 ft.) would be induced by a 1 in
200 year earthquake event if the earthquake occurred at the time
of maximum thaw depth during the first thaw season after
construction. After permafrost thaw has reached equilibrium a

similar earthquake is expected to produce negligible downslope

movement.

In subaqueous areas where shear strengths are low and pore water
pressures are high during the early stages of thaw, some slopes
may experience shallow skin flow failures during an earthquake.

These could become retrogressive.

Once geothermal equilibrium is achieved in these areas and thaw
induced pore water pressures have been dissipated, earthquake
induced stability failures on these slopes are not expected to

occure.
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The channel construction and foundation materials are not consid-
ered to be generally susceptible to liquefaction during earth-

quakes.

The canal should be lined with a 1 m thick till blanket in areas
where the permeability of the natural materials is estimated to be
greater than 10'4cm/sec. The till material should have 20

percent by weight passing the No. 200 sieve and should be placed

in 0.3 m thick well compacted lifts.
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TABLE VIII-1

Climatic Data - Cyprus Anvil Mine Site

Month Mean Daily Air
Temperature

- (=)
January -20.8
February -14.3
March -11.3
April - 3.9
May 3.6
June 10.6
July 1.1,
August 9.6
September 3.9
October - 3.1
November -12.3
December -17.8

Mean Annual Air Temperature = 3.7°C.
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Example:- for embankment with 2:1 side slopes, #' = 30° and ¢, = 2.5 x 1073 and ¢, =0 cn?/sec

1. The response of the embankment crest to ground accelerations has been assumed to be the same as the firm ground accel-
erations since the thickness of the first season thaw layer 1s of the order of only 3 m (10 ft.).

2. The first natural period, T,, of the embankment has been calculated to be of the order of 0.1 to 0.2 sec. For
conservatism a value for T, of 1.0 1s used.

3. For a 2:1 slope with §' = 30° and ¢, = 2.5 x 1073 cm?/sec with a depth of thaw of 0.6 m (2 ft.) beneath the
gravel, and c, = 0, representing conditions when thaw induced pore water pressures are completely dissipated, yield
accelerations of ky = 0.012 and 0.062 g, respectively, have been calculated.

4, From Filgure 10a), for y/h = 0, Kk ,x has been taken as 0,097 g for a 1:200 year earthquake of Richter
magnitude = 5.75.

5. Applying these criteria with Figure 10b), displacements are estimated to be:-

a) worst conditions — first thaw season:-
U/kpax & Tg = 0.20 U = 0.097 (32.2)(1.0)(0.20) = 0.62 ft. = 0.2 m
b) long term conditions - after dissipation of excess pore water pressures:-
U = 0.097 (32.2)(1.0)(0.008) = 0.025 ft. = 0,008 m

Note:-= 1. The influence of T, could cause these estimates to be as much as an order of magnitude higher than actual.

2, This analysis applies to compacted clayey embankments and to dry or dense cohesionless solls that do not lose
strength during cyclic loading.
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INTRODUCTION

To provide adequate storage for tailings disposal from the base metal
mine operated by Cyprus Anvil Mining Corporation at Faro, Yukon, the
Rose Creek valley near the mine is required. Two tailings dam are
proposed to contain waste material. The storage capacity of the
existing dam are inadequate for the mine's needs over the next

20-30 years.

Golder Associates, the general consultants to Cyprus Anvil Mining
Corporation Ltd. for the expansion of the tailings facilities,
requested Hydrocon Engineering (Continental) Ltd. to assist in the
hydrologic and hydraulic design of:

1) The diversion of Rose Creek around the new tailings dam,

2) Emergency overflow spillways for the proposed intermediate
and cross valley dams,

3) North valley interceptor ditch.

A preliminary report on the diversion was submitted on November 1,
1979. This report is a finalization of the design recommendations
contained therein plus the recommended design of the emergency
overflows and north valley interceptor ditch,

The report and drawings are sufficiently detailed to enable the
preparation of tender and construction drawings by Golder Associates.
Items such as design details of tributaries into Rose Creek Diversion,
orientation and armoring of the decant channel, orientation of the
inlet and outlet channels for the emergency spillways and orientation
and armor details for the north valley interceptor ditch will need
further refinement and/or field engineering during layout and
construction.



HYDROLOGY

PREVIOUS STUDIES FOR ROSE CREEK

The existing Rose Creek diversion channel designed by Golder Associates
in 19741 was sized for a flow of 48m3/sec. (1700 cfs.)? “The:average
return period of the flow is not documented, however Sigma Resource
Consultants in their report on the 1975 r‘unoff3 state "...peak flow
of 1700 cfs. (48m3/sec.) which it is understood, has an average
return period of 25 years." Montreal Engineering Company (MECQ) in
a general report on waste management procedure for Yukon base metal
mines4 computed a 20 year flow of 60.3m3/sec. (2130 cfs.)
Extrapolation of a frequency curve for Rose Creek prepared by Water
Survey of Canada (WSC)5 results in a 20 year instantaneous flood
magnitude of 113.2m3/sec. (4000 cfs.).

It is not clear how Golder Associates and Cyprus Anvil arrived at
their design flow of 48m3/sec. MECO it appears, used the Rational
Method to compute their estimate. The WSC frequency relationship
was based on data points for the years 1967 - 1969 inclusive only.

1. "A Preliminary Report to Anvil Mining Corporation Limited on
Proposed New Tailings Facilities for Anvil Mine, Faro, Yukon."
Golder Brawner Associates, June 1974,

2. Personal communications with H.G. Gilchrist of Golder Associates
and N.G. Cornish, Environmental Control Manager for Cyprus Anvil
Mining Corporation.

3. "Rose Creek Diversion Works, Observations and Measurements Made
During Spring Runoff - 1975." Sigma Resource Consultants Ltd.
June 1975,

4. "Waste Management-Yukon Base Metal Mines." MECO report to
Department of Indian and Northern Affairs, Whitehorse, April 1974.

5. 'Magnitude of Floods, Yukon Territory.” Planning and Studies
Section, Water Survey of Canada, Vancouver, May 1978.



AVAILABLE FL.OW DATA FOR ROSE CREEK

WSC gauged Rose Creek below Faro Creek in September 1966 and from
January 1967 to July 1969. Daily flow data, monthly averages and
annual extremes are given in Appendix 1. Sigma Resource Consultants
gauged the diversion channel during the 1975 spring runoff from May
10 to June 4 results of which are shown in the form of a hydrograph
in Appendix 1.

Yearly recorded or estimated extremes are given in Table 1 below. Minimum
winter flows are governed by releases from the South Fork reservoir and
flow over the pumphouse pond.

TABLE 1
ANNUAL FLOW EXTREMES-ROSE CREEK

Year Maximum Daily Digcharge Minimum Daily Discharge

cfs. m-/sec. cfs. m°/sec.
1967 1150 32.6 6.1 0.2
1968 548 15.5 7.0 0.2
1969 354 10.0 7.3 0.2
1975 950 26.9 Not Available

It is believed that the 1975 flow was the largest experienced by the

existing diversion channel since its construction in 1974.



FREQUENCY ANALYSIS - ROSE CREEK

To compute the design flow for Rose Creek, the following methods
were assessed:

1) Preparation of a discharge - frequency relationship from
recorded flow,

2) Rational Method,
3) Methods used by other researchers and,

4) Correlation with nearby streams of similar physiographic
characteristics.

Extrapolation of the frequency curve prepared by WSC, based on only
three data points, is considered to be highly inaccurate. The
Rational Method was developed for small urban watersheds and is
generally not used for large, steep mountainous areas.

" Other studies®?8
permafrost regions are generally site specific and often contradictory
in their general assessment of factors affecting runoff. The
Kinematic Wave Model for flood frequency analysis of ungauged streams
is used by the Department of Indian and Northern Affairs for flow
forecasting in the Yukon? At this time it is not fully calibrated or
defined, however it shows good promise for the future. Thus correlation

on runoff characteristics of small watersheds in

6. '"Estimation of Small Basin Flood Flows in the Discontinuous
Permafrost Zone." D.G. Vincent and S.0. Russell, in Canadian
Hydrology Symposium: 79 Proceeding, National Research Council
Canada.

7. '"Permafrost Runoff: The Consulting Engineer's Experience."
G.C. Seagel and R.P. Parish, Bolten, Parish, Trimble, Edmonton in
Permafrost Hydrology Proceedings of Workshop Seminar, Canadian
National Committee, The International Hydrological Decade, 1974.

8. '"River Hydrology in Permafrost Areas.'" R.W. Newbury, Same as
No. 7 above.

9. "The Kinematic Wave Model for Flood Frequency Analysis in Ungauged
Areas: An Engineering Application in the Yukon Territory." M.
Orecklin, Hydrologist, DIANA Whitehorse. Canadian Hydrology
Symposium, 1979 Proceedings, National Research Council Canada.lii



with nearby streams having adequate flow data was utilized.

In the hydrological study of the Dempster Lateral Pipeline river
crossings}o flood coefficients, computed as discharge divided by

a fractional power of the drainage area, were determined for the
gauged streams for the mean annual (MAF) and 100 year floods. For
the Pelly River at Pelly Crossing (Sta. 9BC1l) the MAF and 100 year
coefficients were computed to be 0.22 and 2.47 respectively.

From equations:

c p.A, 085
¢ n.A, 97

Uuar
and Q4

where C is the flood coefficient and D.A. the drainage area in km?

The MAF and 100 year floods for Rose Creek were computed to be

22m3/sec. (775 cfs.) and 109m3/sec. (3855 cfs.) respectively. The
drainage area of 224 km? (86 mi?) was obtained from 1:50,000 topographic
plans and is as indicated on Figure 1. The resultant frequency curve

is as plotted on Figure 2. MECO's 20 year flood estimate is quite
similar.

To assess the similarity between runoff patterns in the Pelly River
and Rose Creek in more detail, the return period of recorded maximum
instantaneous flows on Rose Creek, as determined from the computed
frequency curve, were compared to the return period of maximum instan-
taneous flows for Pelly River for the same years from the frequency
curve computed for Pelly River for the period 1952-1977. The results
are as given in Table 2 below.

10. "River Engineering and Geotechnical Considerations at Selected
River Crossings Along the Proposed Dempster Lateral Gas Pipeline.'
Prepared for Foothills Pipe Lines (Yukon) Ltd. by W.M. Veldman
previously with Northwest Hydraulic Consultants Ltd. and F.B.
Claridge (Komex Consultants Ltd.).



TABLE 2
FLOW CORRELATION BETWEEN ROSE CREEK AND PELLY RIVER AT PELLY CROSSING

Year Maximum Daily Flow in m3/sec. Return Period in Years
Pelly River Rose Creek Pelly River | Rose Creek

1967 2971 32.6 4.5

1968 1964 15.5 1.5

1969 1372 10.0 - -

1975 2583 26.9 3.5 4.5

Flow patterns on Pelly River and Rose Creek are thus quite similar
for the years of record on the latter. This is to be expected for
snowmelt generated floods. However, a localized summer storm could
produce high flows on Rose Creek and have an insignificant effect

on the Pelly River at Pelly Crossing. Generally though it can be
concluded that the Rose Creek frequency curves derived from flow
characteristics of the Pelly River, is representative and reasonable.

SELECTION OF DESIGN FLOOD

The design flood selected for a particular project depends, in part,
on:

1) duration of the project,
2) consequences of a flood Targer than design and,

3) availability of equipment that can be readily mobilized for
emergency repairs.



The economic 1life of the mine is in the order of 20-30 years. During
this time Cyprus Anvil will be undertaking maintenance and upgrading
measures on the proposed diversion similar to periodic maintenance
and upgrading work they have performed on the existing diversion
channel. This period, particularly if a large flood occurs, will
serve as the "learning curve" in determining whether any further
upgrading measures are required for the long term. If the capacity
of the channel was exceeded, and flow spilled into the tailings pond,
retention time in the pond would become minimal. The dam will be
designed for this probability thus its integrity is not of concern.

Based on the above discussion, a design flow with an average return
period of 50 years is recommended plus the channel should be capable
of withstanding without being overtopped and serious damage, a
"contingency flood" with an average return period of 500 years.
Table 3 summarizes flow magnitudes for various return periods as
obtained from Figure 2.

TABLE 3
ROSE CREEK DIVERSION FLOW MAGNITUDES FOR VARIOUS RETURN PERIODS

Return Period Flow in
in Years m~/sec. (cfs.)
10 51 1802
50 88 3110
100 109 3851
500 160 5650



NORTH VALLEY INTERCEPTOR DITCH

Drainage area for the North Valley Interceptor Ditch is approximately
33.6 km? (13 mi?) as measured from Figure 1. The precise area may be
somewhat different because of interruption of natural drainage patterns
in the area by the mining activity. Design flows for the ditch were
computed, based on a ratio of drainage areas plus 25%%1 from Rose

Creek flows shown in Table 3. Flows were calculated for 3 locations
corresponding to the location of the tributaries entering the inter-
ceptor ditch (see Figure 9 for a partial plan of the ditch and trib-

utaries). Data is as summarized in Table 4.

TABLE 4
DESIGN FLOWS IN M3/SEC. FOR NORTH VALLEY INTERCEPTOR DITCH

Average Location - See Fig. 9
Return Period Sta. 0+000 Sta. 0+650 Sta. 14255
In Years To .0+650. To 1+255 To 2+000
10 5.1 1.2 10.2
50 8.9 12.4 17.7
100 11.0 15.4 21.9
500 16.1 22.5 32.2

11. Increase in unit runoff due to smaller drainage area of the
North Valley Interceptor Ditch.



HYDRAULIC DESIGN

ROSE CREEK DIVERSION

Alignment - The selected alignment of the diversion channel was
dependent on:

1) required tailings dam height,

2) design cross section and depth. The objective was to try
and ensure that the 50 year flood level was fully contained
in a cut rather than a fill configuration,

3) required channel slope,

4) local topographic features such as the high rock outcropping
near the inlet area.

The dam height and location selected by Golder Associates was based
on maximizing tailings storage. The cross section, design depth and
slope of the channel were computed as more fully described in subse-
quent sections. Containment of the design section fully within a

cut section was not always possible. Field data such as profiles and
cross sections were obtained by Underhill and Underhill under the
direction of Golder Associates.

Hydraulic - Assuming 2:1 channel side slopes, the excavation volumes are
proportional to the base width of the channel. A 12m. (40') channel width
was selected to maintain design velocities at a reasonable level, and
more importantly, to approximate the natural regime width of the channel.
The "regime theory" postulates there is a definite relationship between
dominant discharge (usually the mean annual flood) and channel dimensions
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and slope. Design depth for this width and a slope of 0.19%, and
Manning's 'n' value of 0.030 is 2.4 metres (7.8 feet). Design depth
for the 500 year flood would be approximately 1 metre greater. Design
velocities for the 50 and 500 year floods would be 2.2 and 2.6m metres/
sec. respectively.

A Tow-flow channel on the uphill side is recommended to:

1) dincrease winter velocities and thus reduce the tendency for
ground fast ice to develop in the channel,

2) concentrate the zone of highest velocity along the uphill side
of the channel and thus as far as possible removed from the
more vulnerable downhill side. A bottom width of 3.65 metres
was selected for ease of construction. The capacity of the
Tow flow channel, 2 m3/sec. (70 cfs.) is adequate to convey
winter flows.

Minimum curve radius of 35m (115 feet) was established to prevent
excessive superelevation of flow around the curves. This requirement
along with other hydraulic design characteristics are illustrated on
Figure 3.

Channel Armoring - Test pits by Golder Associates and the test section
constructed in February 1980 indicated insufficient quantities of cobbles
and boulders in the native material to ensure an armor layer can develop

naturally from an unlined channel. To reduce thermal degradation of the
native material, a 1.7m (5.6 feet)12 thick Tayer of granular material will be

12. As specified by Golder Associates.
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used to line the channel walls except where thaw stable material is present.
In pervious native material, it will be necessary to place a till lining

to minimize seepage losses into the tailings ponds. It is also antici-
pated that rock will be encountered in several locations.

These alternative methods of natural or placed channel lining require
various armoring techniques to ensure the channel's stability under the
design velocities mentioned in the previous section. Without armoring,
general erosion that would occur during design conditions could lead to
undermining of the uphill slope, downcutting of the channel bed and
erosion of the downhill cut or fill slope.

The various armoring techniques are illustrated on Figure 4 and are as
more fully described below.

a) Typical Section Armoring - Armoring by windrowing cobbles from

gravel borrow pits was initially proposed. However, following
test excavations by Golder Associates, this technique was
considered unsuitable and, to reduce maintenance, armoring as
shown in Figure 4 is recommended. The 500mm. thick armor layer
is to consist of rock with a D50 of from 180 to 210mm. The need
for a filter layer should be field determined according to the
criteria specified in Figure 4. The Engineer should ensure that
after placement of the rock and filter layer, the net channel
cross section meets the hydraulic characteristics as depicted on
Figure 3. Armoring is required to the 500 year water level.
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b) Till 1ining on channel slopes and bottom - The same armoring

requirements apply as above except a thinner layer of filter
is overlying the easily erodible tiil 1ining. The Tining

will be placed only to the 50 year water level as infrequent
seepage out of the channel above that level is tolerable.
Armoring between the 50 year and 500 year levels is as per
option (a). A filter layer will be required between the armor
and the till lining to prevent leaching of the till through
the armor at design velocities.

¢) Channel in rock - Armoring is not required in rock cuts except
where the rock is rather pervious in which case b) above applies.
Armoring above the rock surface to the 500 year contingency

level will be as per option a) or-b).

Drop Weirs - Drop weirs will be required in the 5% channel slope area
between the crest of the cross valley dam and where the diversion re-
enters Rose Creek to avoid excessive velocities in the channel. The

drops as illustrated on Figure 5 will be quite similar to those on the
existing diversion channel since they have performed reasonably well and
meet the requirements of the fisheries - an important criteria. Place-
ment of cobbles on the channel bed between the structures is recommended
to avoid excessive erosion downstream of the drops - a problem experienced
with some of the existing structures. The cobbles can be the reject
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material from the quary or stockpile used for the large Class 'B' rock.

To perform as designed, the rock for the drop weirs must be adequately
sized and well placed and keyed-in particularly at the crest. If
necessary the crest could be grouted at a later date (when settlement
has occurred). Some maintenance initially should be anticipated.

Gradient Control Sills - Gradient control sills as shown on Figure 5

are recommended for the 0.19% slope area of the diversion channel.

The sills are intended to stabilize the channel's grade at periodic
intervals. The sills can be eliminated in rock cut areas (see Figure 4)
or where special armoring is placed in the channel for tributary inflow
(Figures 6 and 7).

Inlet Diversion Structure - A relatively impervious low height dam on

the existing diversion channel will be required downstream of the
diversion channel inlet. The dam will probably be constructed, in the
wet, to force the flow into the new channel. After diversion is complete,
the necessary materials would be added to the dam to result in an
impervious section.

To minimize the possibility of serious damage .to the channel during a
"Targer-than-contingency-flood" or during severe icing conditions the
diversion structure or a channel section near the inlet could be designed
to be overtopped. This would permit a controlled flow magnitude into the
tailings pond rather than an uncontrolled amount if a particular section
of the channel was breached during an extreme flood event. The detailed
design of the dam and its location will be addressed by Golder Associates
in the final design.
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Local Tributaries - The proposed diversion intercepts several creeks and
springs. The creeks at Stations 0 + 614, 0 + 622 and 3 + 100 probably
flow continuously. Others at Stations 0 + 586, 1 + 900 and 2 + 175 are
intermittent and/or springs.

The design of the tributaries into the main channel are site specific
and shall be generally field determined. The design conditions which
must be fullfilled are:

1) High flow in the tributary and low to moderate flows in the

main channel,
2) High flow in both the tributary and main channel,
3) Surface winter flow and,

4) Subsurface winter flow.

Figure 6 shows a typical design approach for major tributaries. If the
grade of the tributary channel is much higher than that of the main

channel, drop weirs similar in design approach as for the main channel

will be necessary. Beyond the main channel area the tributary creek bed

and banks should be well restored and/or armored to their natural conditions
within the limits of the disturbed area.

Intermittent creeks and springs could pose a different problem particu-
Tarly during the winter period. To try and avoid surface icings to develop
as the creek or spring enters the main channel, very coarse riprap shall

be placed in the creek bed or in the general area where the spring enters
the main channel, to enable the low flows to percolate into the bottom

of the Tow flow main channel. It will be very important to restore the
disturbed area to prevent surfacing of the spring or creek prior to reach-
ing the coarse rock section. Field engineering will be of prime importance.
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A typical design is shown on Figure 7. If an approach similar to that

shown is not successful and severe icings are created in the diversion

channel other options such as inducing an icing to form uphill from the
diversion channel will have to be investigated.

NORTH VALLEY INTERCEPTOR DITCH

Design Criteria - Capacity to handle the 1:50 year design flood plus 0.5

metre of freeboard was selected as the minimum cross section for the
north valley interceptor ditch. As armoring is not considered to be
necessary at this time, some downcutting of the channel grade as a
natural armor layer is developed, is anticipated. This will provide
additional capacity. Based on test hole data and the boulder-strewn
beds of the existing drains, natural armoring is anticipated to be
adequate.

Hydraulic Design - As stated above the channel will not be armored. 1In

two locations as shown on Figure 8, the natural creeks will be used to
convey the diverted flows. The creeks are presently stable and well
armored. Some degrading might occur due to the increased flows but this
is not expected to be serious. The steep drops from the diversion ditch
to the natural creek bed will probably have to be armored. Field
engineering of the drops and armoring is recommended. Since fish passage
is not a constraint, there is no limit on the height of the drops.

Diversion structures, field engineered to suit site specific conditions,
will be required to divert the flow into the excavated sections. Typical
designs are shown on Figure 8.
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The interceptor ditch can be joined up with the decant channel located
in the north abutment of the cross-valley dam as shown on Figure 10.
Again field engineering is recommended to determine final details such
as the drop into the decant channel, armoring in the drop area, size and
armoring downstream from the confluence and the necessary height of the
dike between the decant channel and emergency overflow spillway.

EMERGENCY OVERFLOW SPILLWAYS

Purpose - Rose Creek flows could exceed the design capacity of the
diversion channel in the event of:

a) The occurrence of flows greater than the design and
contingency floods,

b) The occurrence of a slope failure which partially or wholly
blocks the chénne],

c) Severe channel icings combined with high flows

and flow into the reservoirs created by the intermediate and cross

valley dams. The decant channels would not be sufficient to handle

the flow and the dam crest would be overtopped. Depending on the

magnitude and duration of the flow, damage to the dam could be significant.
To minimize and localize the damage and overflow area respectively,
designed emergency overflow sections for the dam are recommended.

Design Criteria - Sizing of the emergency overflow sections is complicated

by the unknowns inherent in the events, as stated in the above section,
which could lead to the utilization of the overflow. For example a
specific return period cannot be assigned to a severe icing condition
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combined with spring flow. The diversion channel would remain to have
some capacity13 and significant flows would, due to their velocity and
temperature, quickly downcut through the ice. Slope failures, if they
occur, will not necessarily coincide with severe flood conditions and if
they occur, the entire channel would not necessarily be blocked. It is
also assumed that the sloughed material would be cleaned out as quickly
as possible. Since some flow over the dam's crest will not create
intolerable environmental conditions and damage resulting from it can be
reasonably ‘repaired, the emergency overflow need not be designed for the
worst possible set of conditions. A 1:50 year design capacity without
causing overtopping of the remainder of dam's crest is recommended.

Hydraulic Design - The crest of the overflow section is designed to be

non-erodible during the 1:50 year flood. Sections and plans are as
illustrated on Figures 9 and 10. Erosion would occur in the unarmored
outlet channel downstream from the riprapped section but the length of
riprapped apron downstream from the crest is sufficiently long to prevent
undermining of the critical section - the crest. Only minor erosion
would occur at the intermediate dam as the head difference between the
reservoirs of the intermediate and cross valley dams is only approxi-
mately 3 metres.

A short stub dike should be constructed downstream from the spillway crest
on the dam side to prevent overflows from eroding the downstream dam face.
The dike is shown schematically for the intermediate and cross valley dams
on Figures 9 and 10 respectively. The precise length of the dike should
be field determined.

13. If a severe icing condition occurred, it is assumed that steps
would be taken to remove the ice prior to breakup.
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To prevent the seepage of decant through the pervious rock section,
upstream layers of till and gravel will be placed to the same height
as the rock crest. Some washout of this meterial could occur at high
flows. Impact of this widened crest on hydraulic capacity is not
significant.



APPENDIX 1
ROSE CREEK - FLOW DATA




ROSE CREEK BELOW FARO CREEK - STATION No. 9BC-3 25

Location: Lat. 62°20' 00", long. 133° 24' 00", Yukon Territory, approximately one thousand feet below Faro Creek, and forty -five
miles west-northwest of Ross River P.O.

Gauge: Manual.

Period of Record: August and September 1966.

Extremes Recorded: Maximum daily discharge, 45.2 cfs on September 6, 1966. Minimum daily discharge, 34.0 cfs at various
times in 1966,

Remarke: Records fair.

Daily Discharge in Cubic Feel per Second for the 1966 Water Year
Day Oct. Nov. Dec. Jan. Feb. March April May June July Aug. Sept.
| S— & - = - - - - - - - - 34.0
- [ — = - - - - - - - - - - 36.0
3. - - = - - - - - - - - 38.4
4. - - & - - - - - - - - 40.2
S - - - ™ - - - - - - - 41.4
6. - - - e - - - - - - - 45.2
7. - - - - - - - - - - - 43.6
8. - - - - - - - - - - - 40.8
9. - - — - - = - - = - - 38.4
100ecscsrsinin - - - - - - - - - - - 38.4
Mesassessvass - - - - - - - - - - - 36.6
12, - - - - - - - - - - 44.4 35.6
13, - - - - - - - - - - 42.0 35.2
1diissoss - - - - - - - - - - 41.4 36.0
| L TR—— - - = - - - - - - - 38.4 37.2
- - - - - - - - - - 39.6 372
- - - - - - - - - - 41.4 37.2
- - - - - - - - - - 42.0 36.0
19..oussevanns - & & . - - - - - - 39.0 36.0
L R——— L - - * w = - W - s 40.2 35.6
7 (— - - - ” % = - = = - 42.0 35.2
- - - - - - - - - - 38.4 35.2
- - - - - - - - - - 38.4 37.8
- - - - - - - - - - 38.4 37.8
= - - =~ - - - - - - 38.4 36.0
- - - - - - - - - - 35.6 35.6
- - e - - s - - - - 35.2 35.2
- - -~ - - - - - - - 35.2 34.0
- - & - # | -, - - - - 34.4 34.0
= = . - - - , - - - - 34.0 34.8
ES TN - - - - - - - - - - 34.0 -
Total - A = - - - - - - - - 1,114.6
Mean - - - - - - - - - - - 37.2
Acre-feet = > = = - = - - | - - - 2,210
For the Period...... Maximum daily discharge, 45.2 cfs on September 6

Minimum daily discharge, 34.0 cfs at various times

SOURCE: Water Survey of Canada




ROSE CREEK BELOW FARO CREEK - STATION No. 9BC-3 25
Location: Lat. 62° 20' 30", long. 133® 24' 30", (revised), Yukon Territory, approximately one thousand feet below Faro Creek and
forty-five miles west-northwest of Ross River P.O.
Gauge: Manual.
Period of Record: Mainly continuous, August and September 1966 and December 1966 to Septernber 1967.
Extremes Recorded: Maximum daily discharge, 1,150 cfs on May 31, 1967. Minimum daily discharge, 6.1 cfs on
March 10, 1967.
Remarks: Records fair.
Daily Discharge in Cubic Feet per Second for the 1967 Water Year
Day Oct. Nov. Dec. Jan. Feb. March April May June July Aug. Sept
« - = - - - - - 1,070 105 108 41.0
= - & - - - - - 810 99.0 93.0 38.2
- = w = - - - - 616 155 87.8 79.4
w ~ - - - - 6.3b - 732 110 82.5 60.5
= - = - - - - - 801 129 77.2 59.5
- - 12.3b - - - - - 783 121 77.2 62.6
- - % = - - - - 512 100 78.3 68.8
- - 12.4b - - - - - 323 90.9 82.5 78.3
- - = - - - - - 334 90.9 77.2 93.0
- = % - - 6.1b - - 591 105 77.2 79.4
- - - - - - - - 543 95.4 74.1 71.0
- - - - - - - - 292 115 117.2 79.4
- _ - = - - - - 246 93.0 71.0 71.0
- = = = - - - - 292 94.2 68.8 68.8
- = - - = - - - 431 135 64.6 72.0
- - = - - - - . 467 115 61.5 73.0
- - - - - - - - 414 110 59.5 71.0
- - - - - - - - 467 105 59.5 77.2
= = = - = - - - 337 105 61.5 80.4
= i = = - - - - 273 82.5 53.5 72.0
- = - - - - - - 278 101 46.8 69.9
= o - - - - - - 204 72.0 51.5 66.8
- = = P - - - - 200 80.4 53.5 67.8
= -1 . & - - - - 180 86.7 45.8 66.8
= = 4 - = - - - 169 82.5 42.0 64.6
- & - - - - - - 196 86.7 42.0 61.5
- - - = - - - - 202 82.5 36.3 51.5
.. - - - - - B g 792 200 83.6 32.5 61.5
= - - - - - - 595 163 105 34.4 59.5
- - @ = - - - 1,110 121 173 36.3 57.5
- & - - - - - 1,150 - 163 34.4 -
- - - - - - - - 12,247 3,272.3 | 1,947.6 2,023.9
- - = - - - - - 408 106 62.8 67.5
Acre-feet - - - - - - - - 24,290 6,490 3,860 4,010
For the Period...... Maximum daily discharge, 1,150 cfs on May 31

Minimum daily discharge, 6.1 cfs on March 10

b - Ice conditions.

SOURCE: Water Survey of Canada




ROSE CREEK BELOW FARO CREEK - STATION No, 09BC003 25
Location: Lat, 62° 20" 30", long. 133* 24' 30", Yukon Territory, approximately one thousand feet below Faro Creek and forty-five
miles west-northwest of Ross River P.O.
Gauge: Manual, .
Period of Record: Mainly continuous, August and September 1966 and December 1966 to December 1968.
Extremes Recorded: Maximum daily discharge, 1,150 cfs on May 31, 1967,
Minimum daily discharge, 6.1 cfs on March 10, 1967,
Remarks: Records fair. Since October 4, 1968, flows have been affected by dam on south fork of Rose Creek.
Daily Discharges in Cubic Feet per Second for the Period October to December 1967
Day Oct, Nov. Dec. Day Oct, Nov. Dec. Day Oct. Nov. Dec.
56.5 23.9 18.2 49.6 22.3 162 30.7 20.3 14.0
55.5 237 18.T 49.6 22.1 16.0 27.1 20.1 13.8
42.0 23,5 17.9 46.8 21.9 15.8 26.8 19.9 13.6
42.0 23.3 17.7 40.1 21.7 15.6 26,5 19.7 13.4
40.1 23.2 17.4 40,1 21.5 15.2 26.0 19.5 13.1
41.0 23,1 17.2 41.0 21.3 15.0 25,7 19.3 13.0
40.1 23.0 17.0 40.1 21.1 14.8 25.4 19.1 12.9
61.5 22,9 16.8 32.5 20.9 14.6 25.1 18.9 12,8
40.1 22,7 16.6 32.5 20.7 14.4 24.8 183 12.6
42.0 22,5 16.4 32.5 20,5 14,2 24.5 18.9 12.3
24,0 - 12.0
Ice conditions October 22 to December 31, 1,152.2 640.4 468.6
Mean 37.2 21.3 15.1
Acre-feet 2,290 1,270 929
Daily Discharges in Cubic Feet per Second for the Year 1968
Day Jan, Feb March April May June July Aug. Sept. Oct Nov, Dec.
L. enencompns 11.8 8.0 7.1 7.1 12.4 212E 152 261 218 115 36.5 28.0
2.s T8 7.9 T 21 135 230E | 139 316 280 T 36T T
< Yo 11.2 7.8 7.1 7.1 14.5 205E 133 316 229 90.0 35.7 27.4
4. 11.2 Tl 7.1 7.2 16,0 185 E 114 351 253 70.0 35.3 27.0
5... 11.0 Tl 7.1 7.2 17.5 181 198 236 241 57.0 35.0 26.5
bui 10.9 7.6 7.1 Tl 19.5 185 E 548 170 E 218 54,0 34.7 26.2
7 10.8 7.5 7.1 7.2 22.0 190 E 372 133 174 53.0 34.4 25.9
8. 10.7 1.4 7.1 7.3 27.0 204 E 211 LTS5 196 47.1 34.1 25.6
9... 10.6 7.4 7.1 7.3 32.0E 220E 178 106 210E 46.0 33.8 25.3
0 10.4 7.4 7.1 T3 35.8 250 E 168 97.0 220E 45.0 33.8 25.0
103 1.4 r A | 7.3 44.0E 236 E 159 88.0E 234 44.0 33.6 24.6
10.2 7.3 Tl 7.4 52.0E 228 E 140 84.0E 227 43.0 33.4 24.2
10.0 7.3 7.1 7.4 60.0E 213 170 83.0 211 42.0 33.0 23.8
9.8 7.2 7.1 T:sd 64, 0E 201 150 80.6 198 42.0 32.8 23.4
9.7 T2 7.1 7.6 68.0E 190E 160 78.2 181 42.0 . 325 23,0
9.6 7.2 7.1 7.7 70.0E 210E 150 84.0E 202 42.0 32.3 22,2
9.5 7.2 7.1 7.8 74.6 220E 150 90.0E 200 42.0 32.1 22.4
9.4 7.1 T2 7.9 > 52.0 240E 176 96.0E 200 41.0 319 22.1
9.2 7.1 7.1 8.0 220 E 260E 166 100 E 198 41.0 31.7 21.8
9.0 7.1 7.1 8.2 270 E 295E 160 108 183 40.0 31.5 21,5
8.9 .1 7.1 8.5 330 E 302 140 106 168 39,5 31.2 21.1
8.8 7.1 7.1 8.8 390 E 274 129 105 168 39.0 30.9 20.7
8.7 7.1 7.1 9.0 440 236 131 97.0 160 38.5 30.6 20,3
8.6 7.1 Tl 9.2 348 220E 114 148 156 38.0 30.3 19.9
8.5 7.1 7.1 9.5 300 E 206 E 114 148 148 38.0 30.0 19.5
8.5 7.1 7.1 10.0 280 E 200 E 106 158 146 38.0 29.3 19.0
8.4 7.0 7.1 10.5 260 E 194E 98.5 168 139 38.0 29.2 18.5
8.3 7.0 7.1 11.0 230 E 185 E 98.5 168 - 142 37.5 29.1 18.0
8.2 7.0 Tal 11,5 215 E 178 84.4 168 131 37.0 28.8 17.5
8.1 - 7.1 11.9 210 E 160 E ) BT 180 E 122 37.0 28.5 17.0
BT - 7.1 — 205 E| “- 114 198 E| - 37.0 = 16.5
Total 300.2 2121 220.1 248.7 4,392.8 6,510 5,014.8 | 4,636.8 5,753 1,524.6 972.1 701.6
Mean 9.7 7.3 7.1 8.3 142 217 162 150 192 49.2 32.4 22.6
Acre-feet 595 421 437 493 8,710 12,900 9,950 9,200 11,400 3,020 1,930 1,390

For the Year 1968......

Maximum daily discharge, 548 cfa on July 6
Minimum daily discharge, 7.0 cfs, February 27 to 29
Mean discharge, 83,3 cfs

Total discharge, 60,400 ac-ft

Ice conditions January 1 to May 8 and October 5 to December 31,

SOURCE :

Water Survey of Canada

E - Estimated.
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TOTAL

12773
A-MANUAL GAUGE
B-ICE CONDITIONS
E-ESTIMATED
NATURAL FLOW

133800 50791 13688

128150
2800 SQ MILES

61 59 40 N

LONG 132 22 a0 W

1818590

DRAINAGE AREA

TYPE OF GAUGE - RECORDING
LOCATION - LAT

115230 156120

8720
177 CFS ON MAR 22

11600 CFS ON JUL 15

5551
1580000 AC-FT

2130 CFS

5131

Water Survey of Canada

THE YEAR 1969
MINIMUM DAILY DISCHARGE,

HMAXIMUM DAILY DISCHARGE,

MEAN DISCHARGE,
TOTAL DISCHARGE,

6942

TOTAL
SUHMARY FOR
SOURCE



YEAR

1866
1967
1968
1969

MEAN

JAN

9.
10.

LOCATION - LAT 62 20 30 N
30 W

MAXIMUM INSTANTANEOUS DISCHARGE MAXIMUM DAILY DISCHARGE

7
5

1

ROSE CREEK BELOW FARO CREEK

MONTHLY AND ANNUAL MEAN DISCHARGES IN CUBIC

FEB MAR APR MAY JUN
- R -— -=- 408
7.3 7.1 8.3 122 217
7.6 7.8 8.9 90.6 134
7.5 7.3 8.6 116 253

LONG 133 24 REGULATED

JUL

106
162
90.2

119

- STATION NO. 098C003

FEET PER SECOND FOR THE PERIOD OF RECORD

AUG SEP ocT
——= 37.2 ---
62.8 67.5 37.2

150 192 89.2
106 98.9 93.2

ROSE CREEK BELOW FARO CREEK - STATION NO. 09BCO003

ANNUAL EXTREMES OF DISCHARGE IN CFS AND ANNUAL TOTAL DISCHARGE IN AC-FT FOR THE PERIOD OF

1150 CFS ON MAY
588 CFS ON JUL
354 CPFS ON JUN

® - EXTREME RECORDED FOR

SOURCE:

NOV

21.3
32.4

26.9

MINIMUM DAILY DISCHARGE
31 ¢ 6.1 CFS ON MAR 10 *
[ 7.0 CFS ON FEB 27
10 7.3 CFS ON MAR 2%

THE PERIOD OF RECORD

Water Survey of Canada

RECORD

MEAN

83.3

83.3

TOTAL DISCHARGE

60400

60800

YEAR

1966
1967
1968
1969

MEAN
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~ _GOLDER ASSOCIATES

DOWN VALLEY TAILINGS DISPOSAL

T KEY PLAN AND
DRAINAGE AREAS

[HYDROCON ENGINEERING (Continental) LTD.

Drawn. UG, lDate= APR. aOIDab. No.8-71




INSTANTANEOUS DISCHARGE IN m?¥/sEcC.

ROSE CREEK MAXIMUM

" PROBABILITY OF EXCEEDANCE sen e

99.9 998 99.5

T - 3 s . ¥ = = s G ok — - ——
:

X FREQUENCY CURVE POINTS
AS DETERMINED FROM
REGIONAL CORRELATIONS.

® 2O YEAR FLOOD COMPUTED
BY MECO

s RECORDED MAXIMUM
INSTANTANEOQUS FLOWS

IN m3/sEC.

. RIVER AT PELLY CROSSING MAXIMUM

i

INSTAMTANEOUS FLOW

PELLY.

FIGURE 2

GOLDER ASSOCIATES
U= JOOWNCVALLEY TAILINGS DISPOsSAl

1
~

R v = ==

o 20 50 100 200 500 1000
1 . ROSE CREEK DIVERSION
B ks FLOW - FREQUINCY 3

RECURRENCE INTERVAL IN YEARS """‘QR,ELAT‘ONQHFP, ———
HYDROCON ENGINEERING (Continental) LTD.

Drawn: U G. [Date: APR . BO}:‘)Ob No. 8-7.1




CONTINGENCY DEPTH 3400mm——
DESIGN DEPTH 2400 mm —

S50YR. WL~ |

T BOO YR, W. L

— (OO0 mon FREEBOARD

e

&00

DESIGN  SECTION i
FOR ©.19% REACH
STA. O+000 - 2+728
AND 3+256 - 3+522

- 12 200

- CROSS - SECTION

SCALE = |: 200

CONTINGENCY DEPTH 3400mm——

DESIGN  DEPTH 2400mm —

BO0YR. WL.

500 YR. WL.

i

:

DESIGN "SECTIOMN
FOR 5% REACH

STA. 2+728 - 3+256
AND 3+522-3+664

(APSLICABLE To |
AREAS BETWEEN
DROFP WEIRS,
SEE Fla. 5)

CROSS —

SECTION

T SCALE ¢ Mt

200

e

—

-
g “CONTINGENCY FLOOD L 500 &_
tzj el — 200 §_|
MIN., ELEVATION L loo
i z DESIGN _FLOOD Z
—————— —=1- 50
K g 9
: 20 a
: :
©
2 £
0 a Z
i | . (14
TR 8 -2 3
! ~
CAPACITY OF LOW L.OW g
TCHANNEL = 2’/ s
O S i 1 ] ] ] L [ ) P
€0 8o

TFLOWT IN METRES */sec.
B FLOW VERSUS DEPTH AND RETURN PERIOD

100 120 140 |60

TMINIMUM™
T RADILIS
T 35000 mm

OOO
\
CHANNEL = ‘
CENTRELINE g

_DESIGN OF CHANNEL CURVE

"NOTES RE CURVES:

T PLACED TO A THICKNESS OF
"‘2 INSIDE OF BEND TO BE ARMOREq

TS CALE T T \oco0o

[, OUTSIDE OF CURVES TO BE
ARMORED TO THE wLIMITS
SHOWN USING ROCK Dso = 200

- 4—00 mMm.

As PER FiG, 4
3 FoR CURVES LESS THAN 5°
- ARMORING. AS PER_ NORMAL
REQUIREMENTS OF FIG. 4.

_FIGURE 3
GOLDER ASSOCIATES
“DOWN  VALLEY . TAILINGS DISPOSAL
[ ROSE CREEK DIWVERSION

- HYDRAULIC DESIGN
CHARACTERISTICS

HYDROCON ENGINEERING (Continental) LTD.
DRAWN: UG |[DATE: APR & 10B: 8 - 7.




_NOTES

L) SEE NOTE 3 OF FIG.5 FOR.
~——— FI\LTER  SPECI\FICATIONS
—— ) RIPRAP _SPECIFICATIONS. _AS PER
T NOTE _ 4 OF FlGa~5.
3) SEE FI1G, 3 FoR ARMORING
DETAILS ON oUTSITE OF REND.

. 500 mmv CLASS A
500, 500 _YR. WL - ROCQ;- =

-i:“ifwc?e o 1200 rnen FILTER 4—') PLASTIC LINITNG MAY RE USED
- 2 TTCASTSUBSTITUTE To Tkl
£ oo T [ALTERNATWE 2)
300 mm FILTER
ALTERNATIVE 1 TYPICAL SECTION
TSCALE = |: 200
05,,0 OO 500 mnma CLASS 1700
VALY T ROCK :

FILTER 200mm

THICK - . / gpons - S
“RERICIRAL. PERVIOUS—e?

. EUAC LIRS Sooehis— MATERIAL INCLUDING BEDROCK

—-_ALTERNA‘“VE 2 . CHANNEL IN PERVIOUS MATERIAL

SCALE = 11 200

500 YR. WL, l/—'—‘F’UN."BERM "ELEVATION

BoO mn~ CLASS'A' RoCK

TASSUMHED ROCK
SURFACE

12 ™ REV. |
PO ke FEITER. - ~ FIGUIRE 4
( ~ NOTE: APPLIES TO ~  GOLDER ASSOCIATES
1200 rmr. - . RELATIVELY - DOWN VALLEY TaIlLING ISPGSAL
FILTER. Y IMPERVIOUS ROCK ONLY _ L ‘ s _DisPa
! ROSE CREEK DIWERSION
2650 - ALTERNATIVE ARMORING
METHODS
ALTERNATIVE 3 SCCAT;S‘\\{EZ‘—E)OExCAVATED i _ROCK 'HYDROCON ENGINEERING (Continental) LTD.
REV. |  RIPRAP CUANGED 1WNEBQ UG DCJORAWN: UG |DATE: APR 8] JoB. 8- 7 |




REIECT ROCK FROM | . _DESIGN .DEPTH ———

"CLASS'B QUARRY. . CONTINGENCY “REPTH —
Dso 2 1580 mm * ?

& &
250 Q90Co

FLOW

e -

"TANGLE OF REPOS

U

2
|

k=wleTo)

,”.,,V/,~

\' CLASS
TFILTER IF NECESSARY— | :

(9EE NOTE '3)

300} S-ISOQ :

- TR
[@ 1200

e
L300

_-—CW. - 1200
A
B ol e _CHANNEL INVERT SLOPE o.ua%’ ' '

TCcrLAass ‘A RocK : _ANGLE ©OoF
REPOSE
" & ?FTE'TER,_ lE.,_,I\;ECESSA_RY
: T(sEENOTE 3) T

GRADIENT CONTROL.  SILLS PROFILE
TSCALE= [: 200

APPLICABLE TO 5% CHANNEL SLOPE AREA

- DROP WEIRS PROFILE

T T SCALE = |: 200
- |2 RS
“WEIR ~
— FTCREST

g
- .

SIS

cLAss ‘g ROC>‘

FILTER IF NECESSARY
(SEE NOTE 3)

-

30044 .-;|l 500
l
|

- _DROP WEIRS CROSS- SECTION
SCALE= 1: 200

T TTCHANNEL SLOPE AREA.

4500 | 2 12200

TLASS 'A' ROCK

FILTER |F NECESSARY
(SEE NOTE 3)

GRADIENT CONTROL = SILLS CROSS - SECTION
: "SCALE = |:200

T WEIR EXTENDS INTO
SIDE OF CHANNEL

HOTES:
" |. GRADIENT CONTROL SILLS TO BE PLACED ON 0.13%

"D SPACING OF SILLS CAN BE VARIED AT DISCRETION OF FIELD

TTENGINEER., RIPRAP PLACED FOR TRIBUTARIES (FIG.&) OR
NATURALLY OCCURRING ROCK AREAS (FIG. 4) CAN RE USED

"IN PLACE OF THE SILLS SHOWN HEREIN, i

‘3. FILTER LAYER REQUIRED |F RATIOS OF ROCK (COARSE) To
UNDERLYING MATERIAL (FINE) DO NOT MEET THE

REQUIREMENTS BRELOW. RATIOS OF ROCK/ FILTER AND . ’

FILTER/UNDERLYING MATERIAL SHALL BE CHECKED IN “FIGURE &

SAME MANNER TO ENSURE THE PROPER DESIGN OF THE OLDER ASSQCIA

FILTER, THE NEED FOR AND DESIGN OF FILTERS SHALL BE SOLOCR SsopcllIEs

CIELD DETERMINED. DOWN VALLEY TAILINGE DISPOSAL

co
(%D“;} e 4O ngg) COORSE <5, %Sgg)) FoABSE <40 ROSE CREEK DIVERSION
DETAILS OF DROP WEIRS AND

4 RIPRAP SIZES IN mm TO BE AS FOLLOWS: GRADIENT CONTROL SILLS
~ T clAss A cLass & | K

D 120 -185mm Dis 520750 mm HYDROCON ENGINEERING (Continental) LTD.
-~ Do 180~ 210 mm Dso 130 -

Dmox 210 = 309 i Do 88O - 1250 men DRAWN: UG JoaTE: APR 30[ Jo= 8-71|
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NG, RIPRAP CLASS'®¥
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FLO CREEK = gl
SLOPE — — :;m o
’ 4 ;
NATURAL SLOPE 5
_LLhks &L 2§
LAttt
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B
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_NORMAL CHANNEL
ARMORING (SEE Fla.4)

PLAN

N.T.S.
T CLEARING & DISTURBED
'S‘AWEA‘ LIMIT (ASSUMED)

_ DIVERSIO i\'l"”*i:A -

T CHANNEL T
TOP OF CHANNEL  ARMORING

v BSOYEAR

=
\

REPLACE NATURAL

Bl%DR\PbgﬁTERl& S \le‘
OR . P CLASS 'BIN )
DISTURBED AREA ~ _FILTER -IF

T NECESSARY =
TT[SEE NOTE 3 ON FIG. 5)

_ARMORED._AS
CROSS - SECTION
T B

& CHANNEL

NOTES:

. IF TRIBUTARY GRADE AT
INTERSECTION WITH MAIN
CHANNEL IS MORE THAN
(000 mm (| metre) ABOVE
THE GRADE OF LOW FLOW
CHANNEL, INSTALL DROP

WEIRS IN THE TRIBUTARY
AS PER FIGURE 5

TZORIBUTARY

INLETS TO BE FIELD
ENGINEERED TO SUIT LOCAL

TCONDITIONS AND CHANNEL
T ARMORING METHOD (FIG. 4)

TSTAL O+ G144
"""""""" Oo+6 22
3+ 100 e

" FOR THE FIRST TWO LOCATIONS:
T AYELIMINATE RIPRAP |IF ROCK
OIS TPRESENT T

TRR) AOIN THE TWO UPWILL FROM

TTTTUDIVERSION CHANNEL INTO A
TTTTTTSINGLE TRIBUTARY (F DEEMED

TUTTTO BE DESIRABLE BY THE

U FIELD ENGINEER. ..

4TCTASS 'R' SPECIFICATION
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4669 Osler Street
Vancouver, B.C,
V6H 2Y3

January 4, 1980

Mr. D.C. Goodall, P. Eng.

Golder Geotechnical Consultants Ltd.
5915 3rd Street SE

Calgary, Alberta T2H IK3

RE: Earthquake Stability of the Proposed Tailings Impoundment
at the Cyprus Anvil Mine, Faro, Yukon Territory

Dear Dave:

Further to our meeting in Calgary on November 19, 1979, | am making
recommendations regarding the earthquake stability of the proposed
extension to the tailings impoundment at the Cyprus Anvil Mine, Faro,
Yukon Territory. My recommendations are based on the following sources of
information:

1. Your letter to me dated October 22, 1979.
2. Discussions with Mr. Bill Hodge, November 15 and 17, 1979.

3. Discussions with Mr. Glen Gilchrist and yourself, November

I, 1979.

- 4, Your report '"Geotechnical Recommendations Concerning a
Proposed Sloping Tailings Disposal Method for Cyprus Anvil
Mining Corporation, Faro Mine', 1977.

SITE CONDITIONS

A plan of the proposed impoundment extension is shown in Figure 1. It
is my understanding that two retention dams will be constructed. The upper
dam will retain the slimes while the lower dam will retain contaminated water
as shown schematically in Figure 2. It is intended that the surface of the
slimes will slope either up valley or cross valley as shown in Figure 2.
The present tailings comprise of fine sand and silt but a finer grind which
will produce finer tailings is being considered.

THE EFFECT OF EARTHQUAKES ON TAILINGS IMPOUNDMENTS

An earthquake has basically two effects on an earth structure: (1) It
causes oscillating stresses on the structure for a period of about 10-40
seconds and (2) the stress oscillations may cause the soil to lose some or
all of its strength. |If the soil loses all of its strength it is said to
have liquefied and most of the earthquake damage to earth structures has
been caused by such liguefaction. Loose saturated sand and slime deposits
are very prone to failure by liquefaction. Casagrande (1950) pointed out
the dangers inherent in tailings impoundments as follows: '""Chemical and
mining wastes consisting of flour sized material are usually deposited
hydraulically in a very loose condition. Although they may appear stable
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behind the flimsiest dikes and in some cases supported only by a thin wall
of the same material which has dried along the slopes, they are extremely
sensitive to disturbance and constitute treacherous conditions which in some
instances have caused disasterous flow slides with much loss of life and
property''. The flow slides or liquefaction may be initiated by local shocks
caused by small slips or by dynamic stresses caused by earthguakes.

Many failures of tailings dams attributed to liquefaction have been
recorded but the most prominent examples in recent times are provided by
the failures of Chilean tailings dams in the La Liqua earthquake of 1965
(Dobry and Alvarez, 1967). Ten out of fourteen tailings dams inspected in
the area failed. At the E1 Soldado mine there were 3 tailings dams which
had been constructed by the upstream method. Two of these dams failed
emptying 2 million tons of tailings which flowed 12 kilometers, flooding and
destroying part of the El Cobre village and causing more than 200 casualties.
It is important, therefore, that tailings impoundments be designed to resist
failure by liquefaction during the design earthquake.

METHOD OF ANALYSIS

A rational assessment of the liquefaction potential at a site requires
the following steps:
]. Determination of the design earthquake (time history of accelerations)
2. Dynamic analysis to determine the dynamic stresses caused by the
earthquake.
3. Determination of the dynamic resistance of the soil.

A factor of safety against the occurrence of liquefaction is then computed
by comparing the dynamic resistance of the soil with the dynamic stresses caused
by the earthquake. A factor of .safety in the range 1.2 to 1.5 is generally
considered acceptable.

SEISMIC ACTIVITY AND DESIGN ACCELERATION LEVEL

Dr. Milne's report on the seismic activity of the site is appended to
this letter. The maximum acceleration levels to be expected for 100 and 200
year return periods are 5 and 10 percent gravity. The earthquake design of
buildings in Canada is governed by the National Building Code of Canada (NBCC)
and is based on the 100 year return period acceleration level. It might
appear therefore, that the tailings impoundment should be designed for the
same acceleration level. However, the code requirements are such that
buildings are expected to suffer only minor damage for the 100 year earthquake.
Much higher acceleration levels corresponding to 200 to 500 year return periods
would be required to cause collapse of such buildings. On the other hand,
tailings impoundments unlike most civil engineering structures evolve over a
long period of time. The most critical condition from the earthquake point
of view may only last for a relatively short period of time and the
probability of an earthquake occurring in that short period would be very
low. The consequences of failure at any stage of construction must also be
considered. A rational method of analysis should consider both the probability
and the consequences of failure at the various stages of construction. This
is beyond the scope of this report. It is suggested that the impoundment be
designed to resist at least an acceleration level of 5 percent gravity
during the active life of the mine and 10 percent gravity thereafter. These
acceleration levels correspond to 100 and 200 year return periods.
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DYNAMIC ANALYSIS

A detailed dynamic analysis requires an evaluation of the dynamic stress-
strain properties of the soil and a solution of the equations of motion to
obtain the time history of stresses. An approximate method of obtaining an
average dynamic stress, Tay, that would be equivalent to those of the design
earthquake was presented by Seed (1976) and is as follows:

"av. 2 0.65 “max %0 'd (1)
] |
e g o'y
where A ax maximum acceleration at ground surface
B = total overburden pressure
c'o = effective overburden pressure
rq = a stress reduction factor varying from one at
the surface to a value of about 0.9 at a depth
of 30 ft.

Now the design accelerations of 5 and 10 percent of g are for rock or
firm ground. When the motion propogates up through the tailings impoundment
it may be amplified and the NBCC suggests a foundaticn factor of 1.5 for a
depth of soft soil in excess of 50 ft. The aggx value for.use in equation |
are therefore 7.5 and 15 percent g.

DYNAMIC RESISTANCE OF TAILING IMPOUNDMENT MATERIAL

The proposed tailings impoundment is comprised of two retention dams.
The upper dam will retain tailipngs while the lower dam will retain contaminated
water. These dams will over-lie natural granular deposits up to 100 ft. in
depth and it is imperative that neither the dams nor their foundations should
fail by liquefaction during the design earthquake. The stored tailings
behind the dam could liquefy but provided the slope of the tailing surface
is sufficiently flat, a flow of the tailings leading to overtopping of the
dams would not occur. Thus, there are two questions to be addressed here:
1) what densities of material are required in the dams and their foundations
to prevent liquefaction and 2) what is a safe slope for the tailings should
they liquefy.

1) Dynamic resistance of dams and their foundations

The materials of the dams could be subjected to cyclic loading tests in
the laboratory and their dynamic resistance obtained. However, from
experience it has been found that compacted cohesive material is not
susceptable to strength loss and liquefaction and consequently if the dams
are constructed of such materials, liquefaction is not a concern. Saturated
granular material is susceptable to strength loss and liquefaction depending
on the magnitude of the earthquake stresses and the density of the material.
Based on field experience Seed (1976) has presented a design chart for
assessing the liquefaction potential of granular material (Figure 3). The
density of the soil is expressed in terms of its standard penetrative
resistance corrected to a confining stress of 1T/Ft2. The correction for
confining pressure C, is shown in Figure 4. The stresses caused by the
earthquake, T/c',, can be computed from Eq. 1.
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The required N} for the foundation soil during the active life of the
mine can be estimated as follows:

T o o]
From Eq. | =% = 0.65 (1.5)(.05) —¢- "4 = '058_? "4 (2)
o %% o
If the water table is close to the surface 23 > 2 and taking rq at the
1
T ° o
foundation level = 0.8, "av = 0.08 and from Figure 3, the required Ny =2 7.
O.l
o

If we wish to have a factor of safety of say 1.3 against the occurrence of
liquefaction, then the required Ny 2 9 which corresponds to a relative
density of about 50 to 55 percent. The granular material of the dams should
have a similar density. After mining has ceased the higher acceleration of
10 percent g should be considered. However, at this stage the lower water
storage dam will not be required and the high porewater pressures it causes
should dissipate so that the ratio oo/c' should now be close to unity and
Tay/0's * 0.08 as before. The required Blow count and density are therefore,
9 and 55 percent as before.

2) Safe slope of liquefied tailings

It is proposed to discharge the tailings from the North side of the valley
so that they slope across the valley and towards the dam. This method of
disposal is similar to that described by Robinsky (1978). He argues that
since the tailings are deposited and come to rest in a liquefied state, they
would not further flatten on reliquefaction caused by an earthquake. 1In fact,
since drainage would occur after deposition, he argues that a large reserve of
stability exists. On the other hand, Williams (1978) describes an interesting
failure of a tailings slope in Australia which | am appending to this report.
Briefly, tailings were being deposited into an excavation as shown in Figure
5. The tailings had a surface slope of 32 to 4° and although Vane shear
tests indicated a factor of safety of about 2, a failure occurred. Surface
boils suggest that high porewater pressures, probably due to statically
induced liquefaction, were the cause of failure. The ground water conditions
in the proposed tailings impoundment could be quite similar to those described
above and hence, slopes in the range of 3° or 5 percent could fail by static
or earthquake induced liquefaction.

I am not aware of any laboratory studies to determine whether material
deposited in a liquefied state would further flatten during simulated earth-
quake shaking. | intend to initiate research into this topic. Lacking
further evidence and based on the failure described by Williams, | would
suggest that you limit the tailings slope to 2 percent.

SUMMARY

The Cyprus Anvil mine is in an area of moderate seismic activity. It is
important that the retention dams should not fail by liquefaction during an
earthquake, and to prevent such a failure, | recommend that the granular
material of the dams and their foundations have a relative density in excess
of 55 percent. The tailings will likely liquefy during the design earthquake
and to prevent the tailings from flowing and overtopping the dams, | suggest
their slope be limited to 2 percent.

Yours truly, s « = B

P.M. Byrne

PMB/sl
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Tailing Dam Failure Case History

By M P. A Williams, Associate Director
Golder Associales Ply. Limited
Melbourne, Australia

This case history is of a beach sand mining oper-
ation In Western Australia. The sands are wind-blown
deposits and they are mined for ilmenite, rutile, and
zircon.

The ore body is mixed from shallow pits about 30
to 40 feet deep covering large areas - 1in this case of
the order of 3,000 by 1,500 feet - and with a cross fal!l
of about 3 to 4°, The pit floors consist of dense clay-
ey sands with some cleaner sand lenses and some cement
ing. The mined sand 1s not ground, but treated directly
in the mill as mined. The objective of the tailirg dis-
posal operation is simply to fill the pits back up tc
initial ground level.

The procedure initially adopted was to discharge
the tailing from a single pipe at the lower edge of the
pit, see Figure No. 1. A beach and a pond quickly
formed. Once the beach level had risen to ground level,
the plpe was moved upstream and filling of the pit aa-
vanced in this way. To minimize the frequency of movin,
the pipe, it became the practice to allow the beach to
rise above the original ground level so that a local-
ized crest was formed up to 15 to 20 feet in height. Th
crest was gradually moved up slope by bulldozers. Then

- e S
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was some segregation as the tailing slurry flowed across
the beach, but most of the slime sectled out in the pond.
The result tended to bhe that deposition occurred over

~e-

SPT

VANE SHEAR STRENGTH,psf BLOW
' Ccou
500 [ o] - 5

an ever thicker slimes layer as disposal progressed up
the slope.

In August 1976, a failure of the localized embank- 2
ment occurred in Pit. No. 2. The mine 18 a remote, semi-
arid area and there was no loss of life or damage to
propercty assoclated with the event. L}

Investigation drilling and testing in the vicinicy o
of the failure yilelded the grading envelope shown on 0 |—o— =
Flgure No. 2 for the sand deposited under beach condi-~ fyixo v
tions. It can be seen to be a fine sand with the 4 to
12 percent passing the 200 sieve mostly consisting of
clay size particles. The drilling encountered clay A
layers (slimes) up to 4 to 5 feet within the deposited +° a ° °
sand. The results of it in situ shear vane tests in
the slimes are shown on Figure No. 3. Shear vane tests . L
were also undertaken in the clayey sands and gave valves L
indistinguishable from those obtained in the slimes.
From the plot it can be seen that despite the consider-
able scatter, the tendency is for the atrength to in-
crease with depth to about 20 feet and to remain more or
less constant thereafter. It was concluded that both L]
the slimes and the clayey sands were behaving as normally A & X
consolidated materials, and they were treated as such 1n
subsequent stabllity and analyses. The Standard Pene-
tracion Test blow counts recorded are also plotced on
Figure No. 3. They were within the range o to 5 for the
full depth tested.
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Conventional slip circle and wedge stability anal-
yses were undertaken using the design strengths shown ;
in Figure No. 3. The downstream slope of the localized +o
embankment was of the order of 5 or 6il. The freeboard
madntained during the operation was often only a few ° + oQ
feer and since fairly heavy rain had occurred in the
period leading up to the failure the phreatic surface . o
was assumed to have been at ground level. In these clr- 40 +
cumstances, a factor of safety of less that unity was
cbtained in the analyses and it was concluded that a
slip failure had occured, as was gupported by a visual
inepection of the falled area.

Fig. TE
Several alternatlve disposal strategies were put fig: 3 S RESULES B2y I 0: R e g
forward, mostly based on separating the glimes from the AN 3 PR
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sand fraction, and using the latter for embankment con-
struction behind which the slimes would be stored. The
separation could have been achleved either by using
cyclones at the disposal site or alternatively by raking
advantage of the fact that the coarse and fine materials
were found to be unacceptable however, on the grounds
that the increased costs would have rendered the mining
operation uneconomic. It was finally agreed that the
original disposal method would be continued, but that
the local embankment aspect would be eliminated. Thus,
the downstream slope would effectively be the cross fall
slope of 3 to 4° (between 14 and 19:1), see Figure No.
1(c). A minimum freeboard of 6 feet was specified. .roviding forewarning of the build-up of artesi
Conventional analyses gave a minimum factor of safery ‘virestatic pressures both in and beseath rhestozli

of two for this configuration. ird modifications to the disposal method to tryﬂc° -

cinimize pond development and increase the density of
the deposited tailing,

essary to mobilize the failure.

One possibility is that more permeable lenses in
the tailing sand or in the sands in the pit floor per-
zitted the full hydrostatic head from the pond to be
:ransmitted to beneath the toe of the slope. The
apheaval associated with the relief of Lhig pressure
could then have triggered liquefaction.

Current proposals to solve the problem include
:le Installation of pilezometers - probably a limited
sucher towards the toe of the pit aimed 1f possible at

The installation of plezometers to monitor the
phreatic surface was discussed, but large numbers would
have been required to cover the crest length of some
3,000 feer and the eventual filled pit width of 1,500
feet. The cost of this program was a significant fac-
tor once again, and since conservative assumptions con-
cerning the phreatic surface had already been made, it
was decided to proceed without them.

Almost exactly 12 months later, another failure
occurred. The crest had advanced some 650 feet up che
slope during this perlod. From its appearance after-
wards, the nature and excént of the fmilure were clear-
ly different from the first one. The falled area was
much larger. There was evidence of substantial up-
thrusting at the toe of the pit and of the mass movement
of Llocks downslope. Boils occurred in places on the
surface of the sand afcer the failure.

Further investigation drilling and testing were H
carried out and quick response plezometers were pushed
into deep slimes deposits in an adjacent pit, but the
work only served to confirm the shear strengths obtained
earlier and the assumed pore water pressure profile.
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Ar this stage it is assumed that failure occurred
as a reult of liquefaction of the talling. However,
no obvious rrigger for the liquefaction is apparent.
There were no seismic shocks recorded in the area. A
small bulldozer wau employed virtually full time spread-
ing the sand in the vicinity of the crest, bur it is
hard to see how 1t could have provided cthe energy nec-
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CYPRUS ANVIL MINE
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DAY MDNTH YEAR
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1899
1899
1H99
1900
1907
1908
1912
1919
1920
1921
1923
1927
1938
1933
193%
1939
1un
1940
19u0
19414
19u2
19ud
(Y
194%
19a7
1947
19ut
1949
1guy
1942
1952
195§
1954
1985
1956
1984
1956
1950
19586
1957
1957
1957
19s?
A
1954
1964
1Q58H

18

DATA

LAT

60,00
60,00
60,00
w0400
59,50
59,00
59,00
56,00
60,720
53,20
4,00
97,50
L
60,00
59,00
58,00
[ B A
66,60
67,00
58,25
hlang
00,50
SH, 00
S8 .00
59,00
al,nn
53,90
53,78
S6,00
59,50
hb,70
A5 Y0
K2, 4A
65,10
bS50
bh, 00
H1.00
al,00
50,50
65,00
58,50
65.50
hS5,50
LY
SH, 50
63.00
59,40

LONG

142,00
=140,00
140,00
-{12,00
~155,25
=10y,00
-jad uo
=15n,00
-138,00
«133,70
=138,00
-137,00
=137,50
138,00
=139,00
=136,00
=137,50
-132,70
-155,50
~137,50
-] 848,00
=1%7,50
~137,00
-137,40
=139,00
-1319,00
=132,10
134,25
~136,00
=1%6,00
-154,50
154,20
=1 54,60
=112,90
«185,5n
=133,50
«t39,00
-1%9,00
=1 44,00
=134,00
=1y7,00
=133,00
=-13%,00
~187,10
=186,90
-tn4 50
=td3,50

DISTANCE

HILFS

LERY
211
211
333
210
350
4ng
452
217
614
2683
361
29
Per
50y
My
1a3
290
324
259
181
{90
s2a
309
303
2lo
SHY
597
452
219
230
200
4y
200
2l
2UHy
2ln
210
Sds
180
297
21y
21
292
i08
156
3458

LR
yue
ok
Slh
339
564
648
727
350
(o2}
456
582
Wy
36b
L)
51
250
[ 4
S21
a7
292
107
529
a9l
4y
31a
Q47
Ye1
721
393
371
322

67
122
144
q00
138
438
819
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ule
4y
34y
uzro
u9s
574
63k
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