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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. 

Associates' final design recommendations. 

This report provides Golder 

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. In 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 the 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 a. 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 Darn: 17 m (max) 
Length of Intermediate Dam: 500 m 
Height of Intermediate Darn: 17 m (max) 
Ultimate Height of Intermediate Dam: 31 m (max) 

Retention Pond 

Area of Retention Pond: 
Volume of Retention Pond: 

Tailings Storage 

Area of Tailings Storage: 
Approximate Stage I Volmne: 
Ultimate Volmne: 

32 x 104 m2 

1.4x106 m3 

128 x 104 m2 
11 x 106 m3 
20 x 106 m3 

(based on 2 percent tailings slope) 

Golder Associates 
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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 
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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 valley wall and 

enter the tailings disposal area. All project elements are illustrated on 

Figure 2-2. 

Golder Associates 
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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 rn3 /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 
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The valley walls, particularly the south valley wall, are mantled 

with a moss cover about 0.3 m thick. 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 
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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) 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; 

(ii) that the diversion canal water level be above that of the 

tailings storage pond; 

(iii) 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; 

(iv) 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.p.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) ; 

(v) 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; 

(vi) 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; 

(vii) that the outfall portion of the canal be designed for the same 

flows as the canal proper; 
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(viii) 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; 

(ix) that the seepage through the Intermediate Dam and its foundation 

should not exceed 0.22 m3/sec. (3000 i.g.p.m.) to impound 

water behind this dam and therefore eliminate winter glacia-

tion. 

(x) 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 

use. 

Golder Associates 
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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. In 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 

Golder Associates 
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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. 

Engineering also performed the following work: 

Underhill 

- 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 

Golder Associates 
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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. An 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): 

Golder Associates 



Test Pit 

0+195 

0+560 

0+760 

1+390 

2+155 

79-8 

79-9 

79-12 

79-22 

No. Reason for Termination 

Seepage 

Rock 

Rock 

Seepage 

Rock 

Rock 

Rock 

Seepage 

Rock 

5-4 

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. Cormnonly, 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 III 

and were forwarded to Golder Associates' Calgary off ice 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. 
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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 III. 

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

grarnrnetric 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 darn 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 Shrarn 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 III. 

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 



5-7 

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. All 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 inforrnation. standpipes were installed in most boreholes 

and a therrnistor 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 ripper. 

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. o.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 

pneumatic 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 

equipnent. 

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. 
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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 Anvil, Faro, client contact, liaison and 
review. 

Mr. H.G. Gilchrist of Golder Associates, calgary, initial 
proposal, oversight and direction of the project as well as 
review. 

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 Atinex 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 
design. 

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

Reports were received from each of the above and from Atrnex 

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, geothennal 
and stability studies, design assistant to Mr. Goodall. 

Mr. Jim Murphy of Golder Associates, Calgary, Intennediate 
Dam investigation. 

or. J.r. 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 ~ 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 ~ 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 .OO* 5 .18 Borrow pit 
79-9A 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 1151.91 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 ~ Dam - Cross Valley Dam 
79-19** 2216.56 73.73 1048.26 24.38 Standpipe 1030.73 ~ 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 .oo 12. 19 Pneumatic 1025 .oo 9 Sta .1+000 Canal 
79-26 2379.13 126.90 10 61 • 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 .oo 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 



BOREHOLE LOCATION ELEVATION 
NORTH(m) EAST(m) 

80-37 1711.65 300.85 1053.41 
80-38 2215.32 41 .17 1048 .85 
80-38A 2198.99 41.94 1048 .86 
80-39 2153.38 21 .98 1048 .84 
80-40 2113.48 7.51 1049.11 
80-41 2069.45 -8.56 1049. 15 
80-46 1807.56 303.86 1054.11 
80-47 1600.21 164.83 1090 .66 
80-48 1568.45 227.72 1089 .89 
80-49 1528.80 299.21 1088 .83 
80-50 1475 . 77 404.44 1085.66 
80-51 1437.99 482.46 1089.54 
80-52 1369.51 618.50 1089 .41 

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

TABLE 5-1 (Cont'd) 
BOREHOLE SCHEDULE 

NUMBER OF 
DEPTH OF PIEZOMETER DETAILS THERMISTORS 

BOREHOLE (m) TYPE TIP ELEV. INSTALLED REMARKS 

8 .10 Standpipe 1045.31 Intermeidate Dam 
4.60 Cross Valley Dam 
5.00 Cross Valley Dam 
6.50 standpipe 1046.24 Cross Valley Dam 
3.20 Standpipe 1045.81 Cross Valley Dam 
2.30 Standpipe 1046.85 Cross Valley Dam 

14.20 Standpipe 1040.31 Intermediate Dam 
10. 70 Standpipe 1079 .96 Sta. 2+370 Canal 

9 .10 standpipe 1080.79 Sta. 2+300 Canal 
10.70 Standpipe 1078.13 Sta. 2+220 Canal 

9 .10 Standpipe 1076 .56 Sta. 2+100 Canal 
13. 70 Standpipe 1076.04 5 Sta. 2+000 Canal 

9 .10 Standpipe 1080.31 Sta. 1+890 Canal 



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} 

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 .so 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 
a: Top 1945.19 836.86 1069.07 3.0 Gravel Terrace 
a: Bottom 1943. 70 843.91 1066.56 
a: Top 1938.48 858.06 1069 .66 

79-14 
a: Top 1713.13 1028.00 1069.88 6.5 Gravel Terrace 
a: Bottom 1722 .47 1011.67 1064.57 
a: Top 1738.86 989 .13 1069.23 

79-15 1967.08 600.85 1065. 77 5.8 Gravel Terrace 
79-16 2096.80 414.91 1060.61 8.2 Old Borrow Pit 
79-17 2041 .66 380.74 1064.34 6.4 Old 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 5.2 Core Borrow Area 



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

TEST LOCATION ELEVATION DEPTH OF REMARKS 
PIT ( rn) TEST PIT (rn) 

NORTH(rn) EAST(rn) 

79-20 
ii: Top 2143.99 31.36 1049 .46 4.6 Cross Valley Dam 
ii: Bottom 2130.97 28.36 1046.16 
ii: Top 2111.20 24.07 1049.24 3.0 Sta. 0+070 East canal 

80-23 
ii: Top 2178.55 87 4 .12 1109.20 4.0 Core Borrow Area 
ii: Bottom 2181.30 857.64 1104 .13 

Side 2178 .84 854 .16 1105.54 
ii: Top 2189.56 840.81 1107.87 

Side 2188.31 858.70 1108.63 
80-24 4.0 Core Borrow Area 

ii: Top 2160.66 1158.30 1128.98 
ii: Bottom 2157. 78 1169.93 1125.56 
ii: Top 2150.58 1185.41 1129.35 

Side 2153.09 1170.01 1129.34 
Side 2164.23 1170 .so 1130.66 

80-25 4.0 core Borrow Area 
ii: Top 2105.12 1252.65 1124.27 
ii: Bottom 2102 .13 1229.24 1118 .04 
ii: Top 2102.12 1215.42 1121.11 

Side 2097.68 1228.99 1120.57 
Side 2111.52 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 
0+360 0+390 1089.3 4.57 
0+545 0+575 1090.8 4.27 
0+750 0+770 1091.9 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) 
2+155 2+180 1084.0 4.27 II 

2+500 2+530 1083.5 6.83 II 

2+890 2+930 1086.0* 5 .18 II 

3+150 3+175 1072.3* 3.66 II 

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 Location of Information 

The factual findings of the geotechnical studies for the Down Valley 

Project are documented for the boreholes and test pits in Appendix III 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 Darn 

Profile - Figure 6-7 

Intermediate Darn 

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 Hand 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 Darn 

baseline at 60 m intervals, and through the initially proposed 

core borrow pit at 60 m intervals. 

Golder Associates 
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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. In the vicinity of the test excavation boulders up 

to 1.8 min 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. In 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-
i erials near the inlet to the proposed 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 pit. 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) Sta. 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 quarry 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 surf ace 

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 Valley 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. 

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 deposi~s 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 

diameters. 

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. In 

fact the alluvium is interlayered with fine sandy silts at Borehole 79-34 

such that the overall vertical permeability may be less than 10-5 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 10-5 cm/sec. 

The abutments of the cross valley darn 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 rn 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 1.5 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 

area. 

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 1 O -5 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 10-4 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 9 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 rn 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 m. 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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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-79-18-3A 
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-79-18-4 
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 

Appendix X 

- Hydrologic and Hydraulic Design 

- 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 alignment 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 10-4cm/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) Sta. 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 

conditions. 

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 Q.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 o.s 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. In 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 necessary. 

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 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 m. 

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. 

Figure 7-6. 

The proposed cross-section is shown on 

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 
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Dams of about 1.4 million rn3, equivalent to about 60 days of inflow at 

0.27 rn3/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 darn 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 information 

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 rn 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 darn 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 Darn foundation, settlements 

of about 0.8 rn are expected. Such a settlement would be expected to occur 

over most of the length of the darn and therefore a uniform darn crest 

elevation of 1065.8 rn has been selected for construction. 

Assuming the seepage control elements discussed above are in place, 

the seepage through and beneath the Cross Valley Dam is computed to be 
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about 0.03 rn3 /sec. If the secondary blanket is ruptured the seepage loss 

would be about 0.04 rn 3/sec. These computed seepage flows are judged 

indicative of acceptable seepage reduction in view of the allowable design 

quantity of 0.15 rn 3/sec. Precise prediction of seepage losses from the 

retention pond are not possible because the local stratigraphy and geology 

of the darn 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 Darn 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 Darn 

The Intermediate Dam differs from the Cross Valley Darn because its 

primary purpose is to retain tailings. It is expected that the darn will 

be built in two or more stages with the design crest elevation of the 

first stage being 1068 rn. The proposed ultimate elevation is to be 1083 

m, the retained tailings pond being lower than th€ invert elevation of the 

diversion canal at this location.--

.I 

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. 1O64 

m to allow subsequent construction activity. All materials must be 

compacted according to the specifications for dam fill placement. The 

extent of ultimate section construction 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 pii wall should be trimmed back 

horizontal to 1 vertical slope to aJ oid disturbance and loosening 

to a 2 

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-Valley 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 Figure 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 darn embankment. 

along the spillway sides should also be riprapped. 

7.5 Diversion Darn 

Guidebanks 

The darn 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 darn will likely be constructed in 

early July, 1981 after the new diversion canal is completed. This 

relatively small darn 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 darn specifications. 

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 Darn 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 Darn 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 darn. The surface of the diversion dam should 

therefore be riprapped. 

If necessary, the Diversion Darn 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 alignment 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. l'his 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 adopt~d in design and this is partly reflected by design 

factors of safety. However, some aspects 0£ design are not easily 

quantified 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 

necessary. 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 Darn consists of frozen tills and colluviurn 

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 Darn 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 Darn should be monitored with respect to quantity and 

turbidity and a gravel filter could be required. 
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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. 
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This drawing is to be read in conjunction with the text of 
Golder Associates, Final Design Report. 
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8.0 PROJECT QUANTITIES SUMMARY 

(i) Diversion Canal 

Excavation Overburden: 650,000 m3 

Rock: 
Stripping Beneath Dyke: 

5,000 to 10,000 m3 
55,000 m3 

Gravel Lining: 
Ersion Lining Class A Rock: 

172,000 to 185,000 m3 
37,000 m3 

Till Lining: 
Outfall Rock Class B: 

16,000 to 26,000 m3 

30,000 m3 
Outfall Filter Rock and Lining: 17,000 m3 

(ii) Cross-Valley Dam 

Class "A" Core (good quality till) 
Class "B" Core (poor quality till) 
Class "C" Core (canal waste excavaton) 

86,000 
37,000 
63,000 

Sand Zone 40,000 
Sand and Gravel Filter 64,000 
Shell Type I 75,000 
Shell Type II 113, 000 
Foundation Subexcavation (fill included) 89,000 

(iii) Intermediate Dam 

Core (good quality till) 
Shell Type I 
Shell Type II 
Foundation Subexcavation 
Sand Zone 
Sand and Gravel Filter 
,Foundation Raising (included in Shell 

Type II) 

56,000 
34,000 

207,000 
53,000 
11 I 000 
30,000 

130 ,000 

m3 
m3 
m3 
m3 
m3 
m3 

m3 

8-1 

(iv) Emergency Spillways Cross Valley Dam Intermediate Dam 

Sand and Gravel Abutment Fill: 10 ,000 m3 
1,000 m3 

500 m3 
Rock crest Weir Class B: 
Rock Filter 

Decant Rock lining: not computed 

(v) Diversion Dam 

Total Fill: 8500 m3 consisting of 
1900 m3 Rock Fill 
4200 m3 sand and Gravel 
2500 m3 Till 

Golder Associates 

2200 m3 

1000 m3 
500 m3 



(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 

8-2 

60,000 rn3 

16,000 rn3 

2,000 m3 

1.4 x 106 m3 

11 x 106 m3 

20 x 106 rn3 



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: 

I. SAMPLE TYPES 

AS auger sample 

cs chunk sample 

DO drive open 

DS Denison type sample 

FS 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 

P }.{ sampler advanced by pressure-pressure, 
manual 

NOTES: 

III. SOIL DESCRIPTION 

(a) Cohesionless Soils 

Relative Density N, blows/ft. 

Very loose 0 to 4 

Loose 4 to 10 
Compact 

Dense 
Very dense 

10 to 30 

30 to 50 
over 50 

(b) Cohesive Soils 

Consistency c., lb./ sq. ft. 

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 

C consolidation test 
H hydrometer analysis 
M sieve analysis 
MH combined analysis, sieve and hydrometer 1 

Q undrained triaxial2 
R consolidated undrained triaxial2 
S cl.rained triaxial 
U unconfined compression 

V field vane test 

1Combined analyses when 5 to 95 per cent of the materia.l passes the No. 200 sieve. 
1Undrained triaxial tests in which pore pressures are measured are shown as Q or R. 

Golder Associates 



LIST OF SYMBOLS 

I. GENERAL 

7r = 3.1416 
e = base of natural logarithms 2.7183 

log. a or In a, natural logarithm of a 
log10 a or log a, logarithm of a to base 10 

t time 
g acceleration due to gravity 

V volume 
W weight 

M moment 
F factor of safety 

II. STRESS AND STRAIN 

u pore pressure 
(1 normal stress 
u' normal effective stress (c1 is also used) 

T shear stress 

E linear strain 

E:z11 shear strain 
,, Poisson's ratio (µis also used) 

E modulus of linear deformation (Young's 
modulus) 

G modulus of shear deformation 

K modulus of compressibility 

T/ coefficient of viscosity 

(b) Consistency 

wL liquid limit 
Wp plastic limit 

IP plasticity index 

w 8 shrinkage limit 

h liquidity index = (w - Wp)/ IP 

I c consistency index = (wL - w)/ [p 

ema:i: void ratio in loosest state 

em10 void ratio in densest state 

D, relative density = (emu - e)/(emax - em10) 

(c) Permeability 

h hydraulic head or potential 

q rate of discharge 
v velocity of flow 

i hydraulic gradient 
k coefficient of permeability 
j seepage force per unit volume 

(d) Consolidation (one-dinlensional) 

m. coefficient of volume change 
= -t:.e/ (1 +e)t:.u' 

C, compression index = -t:.e/ t:. Iog10 rr' 

c, coefficient of consolidation 

T, time factor = c.f,/ d2 (d, drainage path) 

U degree of consolidation 

III. SOIL PROPERTIES (e) Shear strength 

(a) Unit weight 

'Y unit weight of soil (bulk density) 

'Ya unit weight of solid particles 

'Yw unit weight of water 
'Yd unit dry weight of soil (dry density) 

"f 1 unit weight of submerged soil 
G, specific gravity of solid particles G,="f,h,,, 
e void ratio 

n porosity 

w water content 

S, degree of saturation 

Tf 

c' 

<f/ 

Cu 

µ 

s, 

shear strength 

effective cohesion I 
intercept in terms of effective 

effective angle of stress 
shearing resist- r1 = c' + u' tan q,' 
ance, or friction 

apparent cohesion*} 
apparent angle of in terms of total stress 

shearing resist- Tr = Cu + utan <f>u 

ance, or friction 
coefficient of friction 

sensitivity 

*For the case of a saturated cohesive soil, q, .. = 0 and the undrained shear strength r1 = c. 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 1 30", long. 133° 24' 30", (reviaed). Yulr.on Territory, approximately one thouaand feet below Faro Creelr. and 
forty-five mile1 we11t-11orthwest of Rois River P.O. 

Gauge: Manual. 
Period of Record: Mainly continuoua, Auguot and September 1966 and December 1966 to September 1967. 
E:rtremea Record ed : Maximum daily diacharge, 1,150 c!a OD May 31, 1967. Minimum daily discharge, 6.1 ch OD 

March 10, 1967. 
Remarlr..: Recorde !air. 

Dailv Diachar2e in Cubic Feet pl'!r Second for the 1967 Water Year 

Day 

l. .......... . 
2. •••• •••••••• 
3 •••• • •••.••• 
4 .•••••••.••• 
5 ••.• • ...•••. 

6 .••••••..•.• 
7 •••••••••••• 
8 ...•••.••••• 
9 •••.••...••• 

10 •..••••.•..• 

11 •••••••••••• 
12 •.•.••.•.••• 
13 ....•..•.••• 
14 ......••..•• 
15 •.•...••.•.. 

16 •......••••. 
17 •..•..••.••• 
18 ....•....••• 
19 ••.••••.•••• 
20 ...•..••.••• 

21. .•.....•••. 
22 .•....••.••• 
23 •.•..•.••••. 
24 .••.. •• ••••• 
25 ...•••.••••. 

26 ••••••.••••• 
2.7 ••••••.••••• 
2.8 .••••••••••• 
2.9 •••••••••••. 
30 ••••••••.••• 
31 •••••••••••. 

Total 

Mean 

Acre-feet 

Oct. Nov. Dec. Jan. Feb. March 

12..3 b 

12..4 b 

6.1 b 

For the Period .••.•• Maximum daily diecharge, 1,150 cfa on May 31 
Minimum daily diocharge, 6.1 cfa on March 10 

b - Ice condition1. 

SOURCE: Water Survey of Canada 

April 

6.3b 

May 

792 
595 

1,110 
1,150 

June 

1,070 
810 
616 
732. 
801 

783 
512 
32.3 
334 
591 

543 
292. 
2.46 
2.92. 
431 

467 
414 
467 
337 
273 

2.78 
2.04 
zoo 
180 
169 

196 
zoz 
zoo 
163 
12.1 

12,2.47 

408 

2.4,2.90 

July 

105 
99.0 

155 
110 
12.9 

12.l 
100 
90.9 
90.9 

105 

95.4 
115 

93.0 
94.2 

135 

115 
110 
105 
105 

82..5 

101 
72..0 
80.4 
86.7 
82.5 

86. 7 
82..5 
83.6 

105 
173 
163 
3,2.72..3 

106 

6,490 

Aug. Sept. 

108 41.0 
93 . 0 38.Z 
87. 8 79.4 
82. . 5 60.5 
77. Z 59.5 

77.Z 62..6 
78.3 68.8 
82..5 78.3 
77.Z 93.0 
77.Z 79.4 

74.l 71.0 
77.Z 79.4 
71.0 71.0 
68.8 68.8 
64.6 72..0 

61.5 73.0 
59.5 71.0 
59.5 77.2. 
61.5 80.4 
53.S 72..0 

46.8 69.9 
51.S 66.8 
53.S 67.8 
45.8 66.8 
42..0 64.6 

42..0 61.5 
36.3 51.5 
32..5 61.5 
34.4 59.5 
36.3 57.S 
34.4 

1,947.6 2.,023.9 

62.8 67.S 

3,860 4,010 

-~] 



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

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

Gauge: Manual. 
Period of Record: August and September 1966. 
Extremes Recorded: Maximum daily discharge, 45 . 2 ds on September 6, 1966. Minimum daily discharge , 34 . 0 cfs at' anous 

times in 1966. 
Remarks : Records fair. 

- -----,-----,-----r=D'-'a=-1'-'· 1"-v=D..:i.;y•-"c'-'h=ac:.r.=:11.cc..:.:in"'T'C::.u:.b::.1"'·c::....::Fc;c::.;e=;-l per S e cond for the 1966 Water Y ear 

Day 

1. ..••.•.•... 
2 ... ....... .. 
3 .... . ..... . . 
4 .... . ..... .. 
5 ........... . 

6 ........... . 
7 ••.. • ••••••• 
8 ........... . 
9 ••. .• _ ..••.. 

10 •••. • ••••.. • 

11. ... . ...... . 
12 .. . ....... .. 
13 ...• ••••..•. 
14 .•.• ••..•••• 
15 . ... • _ ..•.•• 

16 ........... . 
17 ••••••...••• 
18 ...• • •.••••• 

19 ... ---······ 
20 ........... . 

21. .......... . 
22 .... . ...... . 
23 ..••••.••... 
24 ........... . 
25 •••. - .... .. . 

26 •••• • • · •••••• 
27 •••••••••••• 
28 ........... . 
29 ..•••••••••• 
30 ........... . 
31 •••••••••••• 

Oct. Nov. Dec. Jan. Feb. March April May June July Aug. 

44. 4 
42 . 0 
41.4 
38, 4 

39 . 6 
41.4 
42 . 0 
39.0 
40 . 2 

42. 0 
38 . 4 
38. 4 
38.4 
38 . 4 

35 . 6 
35 . 2 
35 . 2 
34. 4 
34. 0 
34. 0 

Sept . 

34. 0 
36 . 0 
38 . 4 
40.2 
41.4 

45.2 
43 . 6 
40 . 8 
38. 4 
38. 4 

36 . 6 
35 . 6 
35 . 2 
36.0 
37. 2 

37. 2 
37.Z 
36.0 
36.0 
35 . 6 

35. 2 
35.2 
37.8 
37 . 8 
36.0 

35.6 
35 . Z 
34.0 
34.0 
34. 8 

25 

Total l,114.6 

Mean 

Acre-!eet 

For the Period . . . ... Maximum daily discharge, 45.2 ch on September 6 
Minimum daily discharge, 34 . 0 cfe at various times 

SOURCE: Water Survey of Canada 

37. Z 

2,210 

-[El-



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

Location: Lat. 62• 20 1 30", long. 133• 24' 30", Yukon Territory. approximately one thousand feet below Faro Creek and forty-five 
rniles west-northwest of Ross River P.O. 
G~ Manual. . 
period of Record: Mainly continuous, Augu•t and September 1966 and December 1966 to December 1968. 
Extreme• Recorded: Maximwn daily discharge, 1,150 cfs on May 31, 1967. 

Minimum daily discharge, 6.1 cfs on March ID, 1967. 
Remarks: Records fair. Since October 4, 1968, flows have been affected by dam on south fork of Rose Creek. 

Dai1v Di~char fii! ~fi in Cubic Feet o er Second for the Perio<l October to December 

Day Oct . Nov . Dec. Day Oct. Nov . Dec. Day 

I. . . . ... . .. . .. . 56.5 23 .9 18.2 l l. ....... . .... . 49.6 22.3 I Q.2 2 1. . .... .. .... .. 
2 •. . •. .• .. . . . . . 55.5 rr.'7' 18:T 12 ............ •• 49.6 ZZ.I 16.0 2 2 . . . . . .. . .. . . .. 
3 .. . . . •.. .. . . . . 42.0 23.5 17.9 13 ............. . 46.8 21.9 15.8 2 3 . · · ·· • . . .. ... .. 
4 .. . . •. ... . • . .. 42.0 23.3 17. 7 14 ............ .. 40.l 21.7 15.6 2 4 . . ...• . . . . . .. . 
5 .. . .•• . ... •. .. 40.l 23.2 17-4 15 ............ .. 40.l 21.5 15.2 25 . ... . . . .. .. . .. 

6 . .• ... .. . .. . . . 41.0 23.1 17.2 16 ............ . . 41.0 21.3 15.0 26 .••. .. . . . . . . .. 
7 •. . . .......• . • 40.1 23.0 17.0 17 . ........... •. 40.l 21.l 14.8 2 7 .. . . . . .. . . ... . 
8 . . .. •. ..• . .••. 61.5 22.9 16.8 18 . ... . . ...... . . 32.5 20.9 14.6 28 .••. ••• •.• .•• • 
9 .... . . . . • .. . . . 4Q.T 22.7 16.6 19 ........ .. .. . 32.5 20.7 14.4 29 .•.. .. .. . . . .. . 

l 0 . .. .. ... . . .. . . 42.0 22.5 16.4 20 ... . ........ . 32.5 20.5 14.2 30 . . . . . . ... . . . . . 
31. ... . ... . . . ... 

Ice conditions October 22 to December 31. Total 

Mean 

A ere-feet 

Daily Discharge• in Cubic Feet p e r Second for the Year 1968 

Day Jan. Feb. March April May June July 

l. ........... 11.8 8.0 7.1 7.1 12.4 212E 152 
2 ............ IT:b TI IT TI T3.5 230E 139 
3 ........... . 11.4 7.8 7.1 7.1 14.5 205 E 133 
4 ..•...•.... . 11.2 7.7 7 .1 7.2 16.0 185 E 114 
5 ............ 11.0 7.7 7.1 7.2 17.5 181 198 

6 ..•.....•... 10.9 7.6 7 .1 7.2 19.5 185 E 548 
7 ............ 10.8 7.5 7 .I 7.2 22.0 190E ~ 
8 ........... . 10.7 7.4 7 .I 7.3 27.0 204 E 211 
9 ............ 10.6 7.4 7. I 7.3 32.0E 220E 178 

10 ............ 10.4 7.4 7 .1 7.3 35.8 250E 168 

11. .•....•. . .. 10.3 7.4 7.1 7.3 44.0E 236E 159 
12 ............ l 0.2 7.3 7.1 7.4 52.DE 228 E 140 
13 ............ 10.0 7.3 7 .1 7.4 60.0E 213 170 
14 .•......•... 9.8 7.2 7 .1 7.5 64.DE 201 ISO 
15 ...•.....•.. 9.7 7.2 7 .1 7.6 68.0E 190E 160 

16 ...•...•.. :. 9.6 7.2 7.1 7.7 70.0E 210E 150 
17 •••.•.•.••.. 9.5 7.2 7 .1 7.8 74.6 220E 150 
18 •.•••...••.. 9.4 7.1 7.1 7.9 , 52.0 24DE 176 
19 ••• . ••..•••• 9.2 7.1 7.1 8.0 220 E 260E 166 
20 ....•....••• 9.0 7.1 7.1 8.2 270 E 295E 160 

21. •..•..••••• 8.9 7.1 7.1 8.5 330 E 302 140 
22 ••..•.•••••. 8.8 7.1 7.1 8.8 390 E n4 129 
23 •••••.•••••• 8.7 7.1 7.1 9.0 440 236 131 
24 •...•. ·-···· 8.6 7.1 7.1 9.2 J4lf 22DE 114 
25 •••.••...•.• 8.5 7.1 7.1 9.5 300 E 206E 114 

26 ••.•••••.•.• 8.5 7.1 7.1 10.0 280 E 200E 106 
27 •••.••.••••• 8.4 7.0 7.1 10.s 260 E 194E 98.5 
28 •••••.••..•• 8.3 r.o 7.1 11.0 230 E 185 E 98.S 
29 •..•...•.... B.2 7.0 7.1 11.5 215 E 178 84.4 
30 ......•.•.•. 8.1 - 7.1 11.9 210 E 160E '9TI 
31. •••.•.....• IT - 7 .I - 205 E --- 114 

Total 300.2 212.l 220.l 248.7 4,392.8 . 6,510 5,014.8 

Mean 9.7 7.3 7.1 8.3 142 217 162 

Acre-feet 595 421 437 493 8, 710 12,900 9,950 . 
For the Year 1968 .. .. . • Maximum daily diacharge, 548 cfs on July 6 

Minimum daily diocharge, 7.0 ch, February 27 to 29 
Mean diacharge, 83,3 cfa 
Total diacharge, 60,400 ac-ft 

Aug. 

261 
316 
316 
351 
23b 

170 E 
133 
115 
106 
97.0 

88 .0"E 
84.0E 
83.0 
80.6 
78.2 

84.0E 
90.0 E 
96.0 E 

100 E 
108 

106 
105 

97.0 
148 
148 

158 
168 
168 
168 
180 E 
198 E 

4,63 6.8 

150 

9,ZOO 

Ice conditions January l to May 8 and October S to December 31. E - Eatimated. 

SOURCE: Water Survey of Canada 

Sept. 

218 
280 
m 
253 
241 

218 
174 
196 
210 E 
220 E 

234 
227 
211 
198 
181 

202 
200 
200 
198 
183 

168 
168 
160 
156 
148 

146 
139 
142 
131 
122 - --

5,753 

192 

11,400 

1967 

Oct. 

30.7 
27.1 
26.8 
26.5 
26.0 

25. 7 
25.4 
25.1 
24.8 
24.5 
24.0 

1,152.2 

37.2 

2,290 

Oct . 

115 
TIT 

90 .0 
70.0 
57.0 

54.0 
53.0 
47.1 
46.0 
45.0 

44.0 
43.0 
42.0 
42.0 
42.0 

42.0 
42.0 
41.0 
41.0 
40.0 

39.S 
39.0 
38.5 
38.0 
38.0 

38.0 
38.0 
37.S 
37.0 
~ 
37.0 

1,524. 6 

49.Z 

3,0ZO 

Nov. Dec. 

20.3 14.0 
20.1 13.8 
19.9 13.6 
19. 7 13.4 
19.5 13.l 

19.3 13.0 
19. l 12.9 
18.9 12.8 
T8.9 12.6 
18.9 12.3 

12.0 

640.4 468.6 

21.3 15.1 

1,270 929 

Nov. Dec. 

36.5 28.0 
n:T. Tl.7 
35. 7 27.4 
35.3 27.0 
35.0 26.5 

34.7 26.2 
34.4 25.9 
34.1 25.6 
33.8 25.3 
33.8 25.0 

33.6" 24.6 
33.4 24.2 
33.0 23.8 
32.8 23.4 
32.5 23.0 

32.3 22.2 
32.1 22.4 
31.9 22.1 
31.7 21.8 
31 . 5 21.5 

31.2 21.l 
30.9 20.7 
30.6 20.3 
30.3 19.9 
30.0 19.5 

29.3 19.0 
29.2 18.5 
29.l 18.0 
28.8 17.S 
28.5 17.0 

- 16.5 

972.1 701.6 

32.4 ZZ.6 

1,930 1,390 

lt-E 

· 1 

..J 



' 

DAY 

1 
2 
3 • 5 

6 
7 • 9 

10 

11 
12 
13 
1• 
15 

16 
17 
1B 
19 
20 

21 
22 
23 
2• 
25 

26 
27 
28 
29 
30 
31 

TOTAL 

KEAJI 
AC-FT 
ILU 
Kiii 

JAJI 

16. 5 
15.8 
15. 1 
u . • 
13. 7 

13. 3 
12 . 9 
12.5 
12.0 
11. 5 

11.2 
10.9 
10.6 
10.2 
9.8 

9.6 
9.4 
9.2 
9. 0 II 
8.7 

8.7 
8.6 
8.4 
8.2 
8.0 

7.9 
7.8 
7.7 
7.6 
7.6 
7.6 

32•.• 

10 . 5 
6q] 

16 . 5 
7.6 

FEB 

7 . 6 II 
7.6 II 
7 . 6 8 
7 . 6 II 
7 . 6 11 

7.6 
7 . 6 
7 . 6 
7 . 6 
7.6 

7 . 6 
7.6 
7.6 
7.6 
7.6 

7.6 
7 . 6 
7.6 II 
7 . 6 II 
7.6 B 

7.6 B 
7 . 6 B 
7.6 II 
7.6 B 
7.6 II 

7. 6 II 
7 . 6 B 
7. 6 II 

212.8 

7.6 
'22 

7.6 
7.6 

KAR 

7. 6 II 
7.S 11 
7. S II 
7. S II 
7.S 

7.5 
7.S 
7.5 
7.S 
7. 5 

7.• 
1.• 
7.• 
7.• 1.• 
7 .•• 
7 •• 
7.• 
?.• 
1.• 
7.3 
7.3 
7.3 
7. J 
7.3 

7.3 
7.3 
7. J II 
7.3 B 
7. J II 
7.• B 

229.5 

7.• 
•55 

7. 6 
7 . J 

ROSE CREEK BELOW FARO CREE~ - STATION NO. 09BC003 

DAILY DISCHARGE IN CUBIC FEET PER SECOND FOR 1969 

APR 

1.• 
7.• 
1.• 
7. q 
7.• 

7.• 
7_q 
7.5 
7.6 
7.6 

7.6 
7.7 
7.8 
7.9 
8.0 

8.2 
8.q 
8. 6 II 
8.7 B 
8.8 B 

9. 1 II 
9.3 8 
9.6 B 

10.0 B 
10. 5 II 

11. 0 B 
11. 7 B 
12. q II 
13.1 B 
13.8 B 

266.7 

8.9 
529 

13. 8 
7.• 

KAY 

U. J B 
15.0 8 
15.7 B 
16.5 B 
17. J 11 

19 . q 8 
19.J B 
21. 0 8 
23.0 B 
27.6 

38 . 5 
q6 . 6 
•9.J 
58 . J 
65 . 0 

95 . 6 
105 
109 
98.5 

105 

iqq 
196 
277 
305 
328 

158 
81. 8 
56.5 
61.0 

102 
139 

2808 . 2 

90.6 
5 570 

328 
1q. J 

JUN 

117 8•.• 
75 . 8 

127 
160 

179 
216 
200 
239 
J5q 

277 
213 
202 
193 
17' 

16• 
HD 
127 
139 
111 

90.0 
77. 0 
39 .• 
53.8 
50.2 

47.5 
•5 . 7 
U.9 
• 1.2 
•2. 1 

qo2J.o 

13• 
7980 

354 
39.• 

JUL 

•2.1 
•5.7 
'9 .3 
52.0 
63.0 

103 
122 
122 
90.0 
72.2 

72.2 
179 
198 
139 
102 

9• . 2 
8•.• 
98 . 5 
81. 8 
73 . • 

68.0 
66.0 
71 . 0 
69 . 0 
90.0 

12• 
103 
90.0 
81.8 
76. 0 I! 
7q .o I! 

2796.6 

90.2 
5550 

198 
•2. 1 

AUG SEP 

SUMMARY FOR THE MONTHS JAN TO JUL 

KEAN DISCHARGE, 50.J CFS 
TOTAL DISCHARGE, 21100 AC-FT 
MAXIMUM DAILY DISCHARGE, 35q CFS ON JUN 10 
MINIMUM DAILY DISCHARGE, 7.3 CFS ON KAR 21 

TYPE OF GAUGE - MANUAL 
LOCATION - LAT 62 20 30 Ii 

LONG 133 2q JO 11 

ROSS RIVER AT ROSS RIVER - STATION NO. 09BA001 

DAILY DISCHARGE IN CUBIC FEET PER SECOND FOR 1969 

DAY 

1 
2 
3 • 5 

6 
7 • 9 

10 

11 
12 
13 ,. 
15 

16 
17 
18 
19 
20 

21 
22 
23 
2' 
25 

26 
27 
28 
29 
30 
31 

TOTAL 

MEAN 
AC-FT 
ILU 
MIN 

JAN 

312 
3oq 
296 
288 
278 

270 
262 
25• 
2•6 
2qo 

2H 
228 
222 
216 
212 

210 
206 
202 
198 
196 

19• 
192 8 
190 8 
189 8 
188 8 

188 II 
187 B 
186 II 
185 8 
185 II 
19q B 

69•2 

22q 
13800 

312 
18• 

FEB 

18Q B 
18q B 
18Q 8 
19q 8 
18Q 8 

18Q B 
19q D 
184 8 
19q B 
184 8 

1U B 
18q 8 
184 B 
184 B 
184 B 

183 B 
183 B 
183 D 
18J B 
183 8 

183 8 
183 B 
183 B 
183 B 
182 B 

181 B 
181 B 
180 B 

5131 

183 
10200 

1e• 
180 

KAR 

181 B 
182 B 
182 8 
181 B 
181 B 

180 B 
180 B 
180 B 
180 B 
179 8 

179 B 
179 B 
178 B 
178 B 
178 B 

178 B 
178 B 
178 B 
178 B 
178 B 

178 B 
177 B 
177 B 
178 B 
178 B 

178 B 
179 B 
179 B 
179 B 
180 B 
180 B 

5551 

179 
11000 

182 
177 

APR 

182 B 
18q B 
186 B 
189 B 
191 B 

195 B 
198 B 
200 B 
205 B 
212 B 

216 B 
222 B 
228 B 
235 B 
2qJ B 

251 B 
261 B 
27q B 
289 B 
305 B 

320 B 
JJ7 B 
J55 B 
375 B 
391 B 

420 B 
q5o e 
Q88 B 
530 B 
588 B 

8720 

291 
17JOO 

588 
182 

KAY 

630 B 
680 B 
740 B 
820 B 
920 B 

1010 B 
1110 B 
127 0 B 
1450 B 
1650 B 

1810 
2060 
2500 
J280 
J870 

q150 
q270 
qiqo 
5oqo 
5190 

5 250 
5160 
5100 
5470 
6350 

7170 
7390 
7070 
6790 
6280 
6010 

1152JO 

3720 
229000 

7390 
630 

SUMMARY TOR THE YEAR 1969 

SOURCE: 

KEAN DISCHARGE, 2130 CFS 
TOTAL DISCHARGE, 1540000 AC-FT 
MAXIMUM DAILY DISCHARGE, 11600 crs ON JUL 15 
MINIMUM DAILY DISCHARGE, 177 CFS ON KAR 22 

Water Survey of Canada 

JUN 

5810 
5570 
55qo 
5740 
5910 

6320 
7390 
7930 
8J60 
8900 

8980 A 
8480 E 
7700 E 
6950 E 
6380 E 

5900 E 
5200 E 
q6SO E 
4200 E 
3900 E 

J570 E 
JHO E 
J100 E 
2850 E 
2650 E 

2Q50 E 
2250 E 
2150 E 
2010 E 
19qo E 

156120 

5200 
J10000 

8980 
1940 

JUL 

1910 E 
2100 E 
2300 E 
2500 E 
2750 E 

2930 E 
3050 E 
J3qo E 
3700 E 
4150 E 

5000 E 
6J50 E 
8JOO E 

10QOO E 
11600 A 

95qo 
7570 
6J50 
5370 
•680 

'120 
J710 
3380 
J180 
JOJO 

3000 
3150 
3"00 
3690 
3710 
)6JD 

141890 

~580 
281000 

11600 
1910 

AUG 

3660 
4010 
•180 
Q090 
3820 

3560 
3380 
J250 
2700 
2880 

3000 
31 3 0 
3300 
3300 
3980 

•210 
qq70 
q550 
q620 
•500 

q560 
q950 
5q70 
56qo 
5qJO 

5070 
q7qo 
4590 
q530 
q360 
4120 

128150 

4130 
254000 

5640 
2700 

SEP 

3890 
37QO 
J710 
4070 
4500 

q?qO 
4740 
q650 
q5oo 
qqqo 

q520 
q8oo 
5J70 
6q90 
68 6 0 

6590 
6080 
55qo 
5100 
4710 

4380 
Q090 
39qo 
3660 
3Q80 

33 5 0 
J2 l 0 
J030 
2850 
2750 

133800 

Qq60 
265 0 00 

6 8 60 
2750 

TYPE OF GAUGE - RECORDING 
LOCATION - LAT 61 59 40 N 

LONG 132 22 •o 11 
DRAINAGE AREA 2800 SQ KILES 

OCT 

OCT 

2650 
2550 
2450 
2qoo 
23qO 

2270 
2230 
2230 
2250 
2JOO 

2320 
2270 
22JO 
2190 
2090 

1920 
1770 
1830 
1830 
1710 

1690 
1350 

908 
654 
524 

37 2 
290 A 
288 B 
290 B 
295 B 
JOO B 

50791 

16QO 
101000 

2650 
288 

NOV DEC 

B-ICE CONDITIONS 
E-ESTIKATED 

DAY 

1 
2 
J • 5 

6 
7 
8 
9 

10 

11 
12 
1) ,. 
15 

16 
17 
18 
19 
20 

21 
22 
23 
H 
25 

26 
27 
28 
29 
30 
31 

TOTAL 

HEAN 
AC-FT 
MAX 
HIN 

REGULATED 

NOV 

320 B 
350 B 
qoo e 
q3o B 
4qo B 

q35 B 
426 B 
'15 B 
qo7 B 
400 B 

410 B 
Q30 B 
qJO B 
q2Q B 
J8D B 

365 B 
360 B 
J75 B 
q15 B 
q50 B 

500 B 
520 B 
560 B 
550 B 
560 B 

580 B 
580 B 
580 B 
600 B 
590 B 

13688 

q56 
27200 

600 
320 

DEC DAY 

600 1 
600 2 
59q 3 
570 • 
550 5 

520 6 
q9o 7 
q 70 8 
q50 9 
q5o 10 

Q50 11 
4 q 5 12 
440 13 
Q30 iq 
4 25 15 

420 16 
395 B 17 
380 18 
J 7 0 19 
350 20 

3 35 21 
320 22 
310 23 
305 2q 
JOO 25 

300 26 
2 9 8 27 
2 9 8 28 
2 9 8 29 
300 30 
300 31 

12773 TOTAL 

'12 
25300 

600 
298 

HEAJI 
AC-FT 
MAX 
MIN 

A-MANUAL GAUGE 
B-ICE CONDITIONS 
E-ESTIKATED 

NATURAL f'LON 



ROSE CREEK BELOH FARO CREEll - STATION NO. D9!1CDD) 

MONTHLY AND ANNU1'L HEAN DISCHARGES IN CUBIC FEET PER SECOND FOR THE PERIOD OF RECORD 

YEAR JAN FEB KAR APR KAY JUN JUL AUG SEP OCT NOV DEC HEAN YEAR 

1966 )7. 2 1966 
1967 •DB 1D6 62.8 67.5 )7. 2 21.J 15. 1 1967 
1968 !I . 7 7 . 3 7. 1 8.3 U2 217 162 15D 192 •9.2 32.• 22.6 83. J 1968 
196!1 lD.5 7.6 7 • • 8.9 9D.6 13• 90.2 1969 

KEAN lD.1 7.5 7.J 8.6 116 253 119 1D6 98.9 •3.2 26.9 18.9 83.3 HE1'N 

LOCATION - LAT 62 2D JD N 
LONG 133 24 JO H REGULATED 

ROSE CREEK BELOW FARO CREEK - STATION NO. D9BCDD3 

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

YEAR HAXIHUH INSTANTANEOUS DISCHARGE KAXIKUK DAILY DISCHARGE KINIHUK DAILY DISCHARGE TOTAL DISCHARGE YEAll 

1966 1!166 
1!167 1150 CFS ON HAY 31 • 6. 1 CFS ON HAR 10 • 1!167 
1968 548 CFS ON JUL 6 7.D CFS ON FEB 27 6D•DD AC-FT "" 190 35• CFS ON JUN 10 7.3 CFS ON KAR 21 1969 

EXTREME RECORDED FOR THE PERIOD OF RECORD 6D•DD AC-FT KEAJI 

SOURCE: Water Survey of Canada 

--11£--
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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. YE:AR 

59-73 ca 11: 

I 
! 

Teir.'.uer a--ures in d ~g_ree : Cel~ ius I 

Sr owfa 111 in ten ti hetre s ' 
I 

R::infal 11 and tot a l pre1 'ipitc: ti on in m~ llimE lt:res 

l I 

I 
TEMPERATl lES I 

: 

I 

Mean Dailv -26.7 15.4 -9.7 0.3 7.8 13.6 15.4 12.7 7.0 -1.9 -15. ~ -20. -2.8 

Mean Daily ~fax 21.2 -9.4 -3.2 6.2 14.3 19.8 21. 6 18. 3 13.2 2.1 -11.l -16. 2.8 

Mean Daily Min ...... 32.1 21.4 16.2 -5.7 1.5 7.3 9.1 7.2 0.8 -5.9 -19. f -24.' - 8.3 

Extreme Max 7.2 11.1• 12. 8 21.1 26.7 35.0 35.0 32.2 26.7 18.3 12.8 4.4 35.0 

DATE/YEAR 

No· of Years 

. Extreme Min -56.7 >-53.9 -42. 8 28.9 12.2 -3.9 -1.1 -3.9 -12.2 28.9 42.8 -51. -56. 

Date/Year -, - . .. ' 
No of years -

I 
Precipitation .. 

Mean Rainfall TR TR 0.8 0.8 9.3 35.] 40 -~ 34.5 32.3 11.4 1.3 TR 
I 

176. 01 
1 

Mean Snowfall 30.5 16.5 17.8 8.1 6.4 NIL NIL NIL 2.5 15.2 24. 19. 140. ~ 

Hean Ttl Pcpn 30.5 16.5 18.5 S.9 25.7 35.1 40.6 34.5 l34. s tJ6. 7 25.4 19.3 
. I 

316. s, 

No days with 
.. I I 

Measurable PCP?: I 
I I 
I I I 

.. I 
1i 
' 

- "' . -. . - I l I ,, 
l II 



.. 63-2210 
ANVIL YUKON Lat. 62°22 'N Lon~. 133°23 'W Elevation lSO 0 

59-73 calc. 

- - "TA r-11re 

Mean Daily / 

Mean Max. 
j 

Mean Min. 

Extreme Max. 

Date/Year 

fl Years record 

-~'-:r. 

Extreme Min. 

Date/Year 

I vrs. record 

Precipitation 

Mean Rainfall 

Mean Snowfall 

Mean Precipita 

t days Msrbl p , 

-
. 

JAN. FEB. MA"· APRIL MAY JUNE JULY AUG. SEPT. OCT. NOV. DEC. YEAR 

Tenpera ure n de~ rees CelsL1s 

Pr1 cioif atior in rr illim eters exce :it sn rwfal which is in CE 'ntime ers • 

... 20.8 

•15. 9 

•25. 9 

1. 7 

6 

-
•46.1 

25 
71 

6 

Nil 

27.9 

.27.9 

on 9 

-

.. 
. 

-14 • -11. -3.9 3.6 10.6 tn.1 9.6 

8.4 -5.6 1.8 9.1 17.2 16.9 14.7 

20.3 -17. -8. f -1.S 4.2 ~.9 2.8 

9.4 5.0 11.1 20.0 29.4 25.0 26.1 
27 1 18 9 13 27 1 
68 68 70 72 69 71 71 

-· 

3.9 -3.l 

8.6 1. 7 

-0.7 -7. ~ 

20.0 14.4 
3 14 n 69 

-12 •. 

-7.7 

-17 •. 

11. 
2 

70 

:...17 .. -3.7 

-12.1 1. 7 

-22. -9.2 

3.3 29.4 
24 
7 

6 6 6 5 5 5 5 5 5 6 5 

. . 
43.3 41.1 25. 6- 11.7 -2. 8- -2.8 ..... 6. 7 ... 13.3 23.3-39.4-43.9 "-46.1 ., 

3 8 1 16 7 l 12 23 25 30 12 
~ 76 - 7~ 

--
68 72 72 69 70 69 72 71 70 71 

6 6 6 5 5 5 5 5 5 6 5 

- . 

Nil Nil 1.0 9.7 43.2 56.6 50.3 34.5 3.1 TR Nil 198. 

21.1 24.1 11.9 22.4 2.5 ~il 4.1 8.1 32. l 36. I 19. 211. 

21.1 24.1 13.0 32.0 45.7 " 56.6 :S4.4 42.7 35.8 
: ; 
3u~·6 19.8 11409. 11 

8 9 7 9 8 17 14 13 12 14 11 II 131 

I 
I 
I 

I II 
I i I 
I I 



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 

1+380 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 2+530 

2+890 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 

~--~Organics a Debris 

[]:TI Organic Silt 

~~Boulders 6 Cobbles 

Golder Associates 

~Till or 
~ Colluvium 

Bedrock 



(iv) SAMPLE TYPE - CS - chunk sample 

DO - driven open 

TO - shelby tube 

(v) SAMPLE NUMBER - Consecutive numbering of all samples whether 

recovered or not. 

(vi) 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). 

(vii) WATER CONTENT PERCENT - The weight of water in the soil expressed as 

a percentage of dry soil weight. 

(viii) PIEZOMETER OR STANDPIPE INSTALLATION - All details pertinent to 

groundwater are recorded. 

(ix) 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 ~nd 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. to 41 incl. 
46 to 52 incl. 

Golder Associates 



l.f) 
2320-85 N ; 122 ·32 E 
LOCATION (See Figure 3 ) 

RECORD OF BOREHOLE 79-/ 

BORING DATE Ju/9 ?7, 1979 

~l BOREHOLE TYPE RoforCd BOREHOLE DIAMETER !2'0mm 
t:\J1 

~: SAMPLER HAMMER WEIGHT l'.03.5 kg. DROP 7~ . 2crn DATUM 6round Surl'oce 
g:-: 1-~~~~~~~~~~~~~~~~~-.----.~--.---.~~.-~~~~~~~~~~~.-~~~~~~-t 

ELEV. 
DEPTH 

(m) 

!049 ·3S 

10 38·/0 
/J.Z.8 

/032·92 

SO IL PROFILE 

... 
0 
J a: 
IL Ill 

m 
> :I! 
J: ~ 

DESCRIPTION IL z 
"" a: 
" Ill 
j: J 

"" 
IL 

a: Ji ... "" Ill Ill 

Ft"// Surface 

8rown fo grey .f!ine soniy~· 
.5/LT 1 occ. pebb/e5,./ow ~:·.::· ·:_"'7 
plaslict"f':::f (1///-/!ke :::: .. .............__ 
composit /on . ... 
5moofh dn'/lin9, very ~-~ 
-Pew pebbles ~-

~: . ...__ 

~~ 
I\;'>;;.\:: 

I& . ..f{, ~5hof fered D9:i rock _,,,,. 

103/·54- ~drN-/.- (/111'¥"/...- .~h/lir) 

~, ,1 
'-,,.I 
I/_~ I 
r-. , .... 

.... / 

t7.8+ End of Borehole 

Ill 
J 

"" 
' . . . Ill ..... u 

IL 0 
.,, 

> 0 ... IL z 
WATER CONTENT PERCENT 

Wp W WL 
I 0 I 

0 
' j: Ill 

J Ill 

"" IL ~ > 
Ji 0 Ill 
C( J J 

VI m Ill 

" ~o 

.. Zf3 

· lZ 

VERTICAL SCALE 
I: 125 Golder Associates 8.1-/. 79-/ 

PIEZOMETER 
OR 

STANDPIPE 

INSTALLATION 

ADDITIONAL 

LAB. TESTING 

Fill 
sur-race? 

I/ ~ 

WL . \7 v 
27 !3ept79 · v ~ 

v 
v ~ 
v ~ 
v ~ 

Cemenf "'~ 
benfont"fe "' ~ 

t "'~ g rou ____,... 1, ~ 
v 

v ~ 
!9mm PJIC. "' ~ 

• I/ ~ 

pipe 7 v ~ 
I/ ~ 

II ~ 

v 
v ~ 
v ~ 
II ~ 

v ~ 
I/ LI 

PeHonife LILI 

seal "'2.-- ~ 
5/ofted ~-. ~ 
?5mrn PV.C. i; : 
pipe? --~: · 

~ . 
coa,.-se _,,.... : ·. 
sandpack/ p:,Y 

DY 
~ Cove -in ~ 

mafen'af "'2.--1' ;>< 

~ 

DRAWN __&/2_ 
CHECKED .;;:n£:_ 



ci 
z 

-u 
Cl> ·o .... 
ll. 

RECORD OF BOREHOLE 79- 'Z 
2377·04 N; 74o·06E 
LOCATION (See Fi9ure 3 ) 

BOREHOLE TYPE !Zofarb' with arr 

SAMPLER HAMMER WEIGHT 05./ kg. DROP J(p.Z Cm 

ELEV. 
DEPTH 

fn) 

//28·63 
0 ·00 

1124.97 

SOIL PROFILE 

~ 
0 
..J 
IL 

>-
l: 

DESCRIPTION IL 
c 
a: 
" ~ c 
a: 
~ 
Ill 

C/eorPd &Vrfocio 
--w > Wp ...... I~ 

Brown fo brown _grey I~ 
fine sond9 5/L/TILL, I~ 
very scoffered bc:vloe/.5 1-~ . .::.·.::. 
W< Wp I~~ 

~ :: 
: ~ · .. 

i 
I ~ 
~ 
...... r;. 

1fi:J.~7 5chisfy BEORCXK 1' 

3.9u, End ol Borehole 

a: 
w 
m ILi ~ 

2: IL 0 
;:, >- 0 
z ~ ... 

..... 
ILi l&I 
..J ..J Ill 
IL IL ~ 
:E :Ii 0 
Cl c ..J 
Ill Ill m 

w 
..J 
Cl 
u 
Ill 

z 
0 
~ 
c 
> 

WATER CONTENT PERCENT ADDITIONAL 
Wp W WL LAB. TESTING 

w ....... 
..J 
w 

DRAWN Rtv. 
CHECKED -:VG Golder Associates VERTICAL SCALE 

I.· 5Q 8H 79-2 



-u 
.!'.. 
0 ... 
Cl. 

RECORD OF BOREHOLE 79-3 

1132·74 
0.0 

C/eora.::i Surface 

Brown qrey line 
sandy Silt nLL 

VERTICAL SCALE 
I: 50 -

' ' ' I 

WATER CONTENT PERCENT ADDITIONAL 
Wp W WL LAB. TESTING 

I () I 

Golder Associates B H. 79 -3 
DRAWN _fi_Q_ 
CHECKED ~ 

• 



RECORD OF BOREHOLE ~9-4 

Z418·3bN; 833·67£ 
"' LOCATION (See Fi9ure 3 ) BORING DATE July 28 > 1979 
NI 
C>1 BOREHOLE TYPE Roloro wirh air BOREHOLE DIAMETER I zo mm 
C\J1 -:;7 

I I M E WE T 0 LB 30 DATUM Approx. 0. 3 r77 below 
~: 1--~s_A_M_P_L_E_R~_H_A~M~R~~l_G_H~-'4~~-·~D-RTO_P-.~.'N_. -.-~----..~~~n~a~~r.v.~n~a=-<-/__..o=.ri.~o==U.~'!7~o'==----r.5~U.~'r_,_t0""""'r.~'e,__~----1 
l'-1 

u 
.!,. 
0 .... 

Q.. 
ELEV. 
DEPTH 

(m) 

!140·3!:'> 
o.o 

1134-.5&:. 

5.7:.9 

SOIL PROFILE 

I-
0 
..J 
D.. 

>-
:I: 

DESCRIPTION D.. 

"' a: 
~ 

~ 
C( 
a: 

Svrf'oce I-Cleared VI 

I '' 
S::;h1sf bedrock . -0 ~ 
Ori/ kng 15 eosier ond <." 
cuf hngs ore plos:l-/c ~ '~ 
af obour dep/-h 7.9m ,_:_, 

\I\ 
v­_,, 
I\ ' - ' '-'/, ,_ 

1_ I 

I I',. 
'I 

... , / 
' 1131·2.I .......... ' 

9·/Q End of BorPholP 

l&J 

a: ..J 

l&J "' m l&J I- u 
:I! D.. 0 "' 
::> > 0 
z: I- LL z 

. ' . ' 

0 ..... 
~ w l&J 

..J ..J 
.,, 

"' D.. D.. ll: > 
:IE :I! 0 l&J 
C( C( ..J ..J 

"' VI m w 

WATER CONTENT PERCENT 
Wp W WL 

I 0 I 

VERTICAL SCALE 
/.·:50 Golder Associates B.11. 79-4 

PIEZOMETER 
OR 

STANDPIPE 

INSTALLATION 

ADDITIONAL 

LAB. TESTING 

DRAWN R.D. 
CHECKED --11£. 



RECORD OF BOREHOLE 79-5 
2439·05 N; !4l6b £ 
LOCATION (See Fiour~ 3 ) BORING DATE Ju/l;;J. 28, /979 

1./\1 
l\li BOREHOLE TYPE Roton J wilh mud 
~I :7 
":-l1 

BOREHOLE DIAMETER 114 mm 
DATUM Ground Surf'oce ~I SAMPLER HAMMER WEIGHT U>3.5 kg. DROP 7C::,.Zcm 

~I L-~~~~~~~~~~~~~~~~~~~~--.,----~...,....-~~~~~~~~~~-.-~~~~~~-1 

1 
SOIL PROFILE 

0 z 

-u 
QI 

~ ELEV. 
DEPTH 

(m) 

1077·:37 
0.0 

1074.:32 
"3.05 

!Ob6·17 
rZ.'Z 

..... 
0 
...J a: 
IL w 

m w ..... 
>- 2 IL 0 
:I: :> >- 0 

DESCRIPTION IL z: ..... LL 

"' a: ..... 

" w w 
i= ...J ...J Ill 

"' IL IL ~ 
a: :E :I! 0 
..... "' C( ...J 
Ill I/) I/) m 

Ground Surf'oce 

~ Sandy silt /ILL 
and broken rock: ~~ 5/rn1 ~~D.a 2/ 

~ft 2- " :>IW 
Froz e n s andy silf TILL ~ 
and broken rcx:k) .50me 

1
~::3: .. >100 

CCXJrse sand and . . . 
9r0.vel pock-ef.s . . ~: -, . 
Ea s ier dr!l//ng in v1cin1fy ·.: :: · ~ 
of 5. 2 m deprh. ~ 

~-

End ol Borehole 

NO TE 
&rehole hod ro be 
obondon<Sd due ro 
c onh'nuo u s caving 
of bore h ole wall 

~ 

I ~: 

w 
...J 

"' u 
Ill 

z: 
0 
i= 

"' > w 
...J 
w 

PIEZOMETER 
OR 

' ' ' I 

STANDPIPE 

INSTALLATION 

WATER CONTENT PERCENT ADDITIONAL 

Wp W WL LAB. TESTING 
I Q I 

Q =3c. No 
6=.~l insiallafi"ons 

'M+C=- d 

VERTICAL SCALE 

I :/25 Golder Associates 13.H 79;. 5 DRAWN __g,_e_ 
CHECKED M._ 



/ ' 

G.B . 102 

1924-93 N; - 2b·74 E 
LOCATION (See Figure 3 ) 

BOREHOLE TYPE 

I - I I . 

PROJECT No 79Z-2CJZ5 . ------------ .. 

RECORD OF BOREHOLE 79 -0 

BORING DATE J u /9 ?9, 1979 DATUM G r ound S urfa c e 

Rofory wifh mud BOREHOLE DIAMETER 120 mm 

SAMPLER HAMMER WEIGHT t;;5.5 kg. DROP 7~ . 2 cm. PEN. TEST HAMMER WEIGHT - LB. DROP - INCHES 

ELEVN. 

DEPTH 

(m) 

SOIL PROFILE 

DESCRIPTION 

I-
~ 
ii: 
I-
<t 
a: 
I-
(/) 

SAMPLES I 

_, I ti ..... 
UJ ' UJ 

a:> Cl. C/) 

:f >- :J 
~ I- 5 z al 

10£o.o I Ground Surfcce 
0.0 !Grovel, col:?J:J/e5 ·:;;.: ... · 

ond ooulder5 sa :</. 
v048.3 SOnd (o//u//1'um) :·/~~: 51111111 
· ;c.o ,;, . .. ... I 00123 
i ·co v'Onable : :·'<:>.: · · 

to?!J.91 

o! luviurn :::.·;..:. 

Oxicl1zed sondy f /,W " I 10 
and S1!f9 9mve0:x::: 
compocf' :.:: :~ 

:','.\12 .J .. lpu51 
/~/: 

Ox10'/zecf si!fy ~- :_'.:{.tA:j " 130 
f me iv med1u,rn ·:.-·o 
:50nd and grvv. :<:> 
compact .::·::,:.t~j " I ?.7 

w:r. 
Li/~w .. 130 

Boulder b:) c 
.· ..... 

.. o: :: 
1.-..... : .. 

:::9'. 
(;;J::.zj " IZ2 
::· ::c;_: 

~{f::, 
... 

~{.: 
-::::: 
.. ·· .. 

I.:. .. 
I'!" >:·: 
b'.'.;-:': 

~/~ 
.. 

< .:;~.' 

-~::/: ......... 
ZOJZ . :·1.: ::I 

/OllZ3 

I Boulder 
I 
I 

Grey silf!::J 
med1u177 fo 
coar.5€ 50nd, 
very dense 
( olluvlum) 

32.8 D::lrk qrey 'O~ 
·silt fo sandy sil: 
TILL, !Ominofed, 
low plosf/clf y, 
hard. 

- o ccas ional 
j cobbles 

I 

IOLD·CJ1 
399-f lcnd oP fureho!e 

., 
VERTICAL SCALE 

I : 125 

,·,. , .. 
~ · .. · 
.• ... 

_: .: ·,} 8 -ikl'.s: 
r; :· 

.. 
, _.··'.·. 

1{(; 
.. ··· ' 

:'. ::.- :~: 
:, .... 
:~.~:·:'. 

t:: .. . · .. , · .. 
··:' :• 

:~·.: to-i51mlf 
~' <)-.2....l o.o.1>1CO! 

.. 
;• ··. 
; . ~ ... . 
... ·:.-..... ; 

--;· ·.:.":::1 
. : .. · 

;': .:~~:: 
',r:::-·. 
! .. : ~- .. 

~~ ·:· ~ ~.-: 

w I _J 

~ 
~ 
I-

~ 
w 
...J 
w 

' ff4 

DYNAMIC PENETRATION RESISTANCE I 
BLOWS/FT. ---------_ 

. I 

SHEAR STRENGTH Cu, LB. /SQ. FT. 

0 

is-O-s Percent axial strain at failure 
10 

Golder Associates 

COEFFICIENT OF PERMEABILITY k, 

CM./ SEC. 

WATER CONTENT, PERCENT 
Wp w 
• 0 

,13.H 79-0 

WL 
I 

G -55 
5-3 0 

M -1-C-
- IS 

G- .5 
Is' 7d 
f'V1 ,..c 

21 

~ 
...J z 
<­z l­o (/) 
- w 
I- l-
o . 
0 al 
<t < 

...J 

PIEZOMETER 
OR 

STANDP IPE 

INSTALLATION 

Ground 
surfaceJ 

\) 
WL. ~ 

?..75epf 79 
v 
v 
v 
v 
v 

r 
I/ 

I/ 

r 
v 
v 
v 
I/ 

v 
v 
v 

ii 

ii 

ii 

ii 

ii 

ii 

ii 

ii 

ii 

LI 

ii 

ii 

Cernenf- .ii 

f?enfonife 1 v 
g r out Ir 

ii 

r 
/9 mm. ~J 
PVC pipe~· 

r 
r 
I-< 

5ondz.-t: 

Pel fonde 
seal 

S::md,cnd:: 2 .. J: 

5/offed 
?5mm . 
Pl/C .ot;oe-f. 

Coved-in 
moferiol 

v 

v 

" 

Permeabi!dy: 
4-5)< 10· 7 to 
2·3X ;o-6 

e- rn/ S 

DRAWN R.0. ----------·----
CHECKED __ lJG.: _____ _ 

-, 

,J 

~ 
.... /. J ....o 



G.B . 102 

2081·44 N ; - 4 3· S5 E 
LOCATION (See F1oure 3 ) 

PROJECT No . :J..'[.g-:_?q:{?_ __ _ 

RECORD OF BOREHOLE 79 - 7 

BORING DATE Ju,Y 31) !979 DATUM Ground Surface 

BOREHOLE TYPE Rofory 0dh Mud BOREHOl.E DIAMETER I ZO mm 

SAMPLER HAMMER WEIGHT G3.:5kg. DROP 10.2 cm PEN. TEST HAMMER WEIGHT - LB. DROP INCHES 

ELEVN. 

DEPTH 

{m) 

SOIL PROFILE 

DESCRIPTION 

I-
0 
__J 

ll. 

..... 
<t 
a: 
I-
VI 

SAMPLES I 

..._: 

a: ~ 

I.LI w ' CD a.. Ill 
::E >- ~ 
:::> ..... g z 

CD 

11048·:4.Cleored surface 
o.o 1 Alluv/vrn : .:o.::: 

OX-1(/;"zed l ine /o .:;\:.'. 
coarse 5AN.O r ::.'::\·l--ri5' 
Gl?AVcL, ver~ '.::~il~o.;'r~? 
dense (frozen .~ :::;.:·. I 
J boulder £ \;{,:' 

!¥:!'.'.'. 
:.\\tz:j .. I &,O 
.~· ... ,. (: 

~l~ Jj 
5.79 :.:,:'. 

Alluvium, /} 
.. •>30 

compact · ·· ·. 

~·:}\~ .. 1'4 Brown 9rvvel/9 
coor.:;e .50nd ,.b.TTI · F\6~ 

Ox1d/zeo' c~r.5€' 1\~t~ ·· IZ3 
50n::f Ond f'1ne fo .:::,:: . · ;:i -~ 

J lo5ing .5ome 
1036·!4. c/rcu lot/on C 

medium grovel. ~:-.~:: _ 
113 

. 

12.2 
Brown ox1d1zed :: ·. 

~ 
.. 124 

grove/!9 fi"ne fo ):~ 
c°'?'rse SAND, ~.:·,t~ . 14<,, 
I tft/e .silf. ·::::• 

compact . ."~-:-
f:J:~ . l1B 
/t.::: 

] cobble C 
several 
cobbles f 
boulders 

J\;'tK1 . 130 
':il~{ 
~\-~ 

tr~ 
/027-6 ( )t IZ • IG,G, 
~0.73 ·.)~:. 

Grey sandy ·:=;:::·:·. 
s i I f TILL ~:;.:: : 

) .... • 
very den::e , .·.\·. 
non p losh'c f o :::.:~··: 
low p losf/cify : ~::: 

"".:·-;;·. 

:~:\J 13 I .. l>KX> 
;\:~~ 

.OZ.Z.431 IP:.:.:: 
25.9/ I End oP Borehole 

VERTICAL SCALE 

I: IZ5 

w 
_J 

~ 
~ 
..... 
~ 
w 
_J 
w 

.... 

DYNAMIC PENETRATION RESISTANCE 
BLOWS/ FT. _________ _ 

SHEAR STRENGTH Cu, LB. /SQ. FT . 

ir<rs Perc•nt axial strain ot failure 
to 

Golder Associates 

COEFFICIENT OF PERMEABILITY k, 
CM. / SEC. 

C) 
_J z 
<[ -z ..... 
0 Ill 
-W 
.......... 

PIEZOMETER 
OR 

STANDPIPE 

INSTALLATION 
WATER CONTENT, PERCENT 

Wp W WL 
t 0 I 

10 20 30 40 

0 

~ 

BH 79- 1 

0 . 
0 CD 
<[ <[ 

_J 

-~~ 
:,,,t , . 

--

Ground 
surfac$? 

W.L. ~ 
27 5epf 79 

Cemenl­
benfonile 
grout 

19mm 

I~ 

~ 

v. ~ 

f 

l/. v 

_J'~4j. , PVC.pipe 

~rC 
' ' 

R31fonde 
sea/ ---

C<XJrse 
:;,andpock__... · 

-b ; ./ 

~ J;' 5/oftecf ~.,.c Z5mrn ~ 
- 17 PVC. pipe . 

flzrmeabilify 
/69 X 10- 5 lo 
3·17X 10-5 

Crn / 5 

DRAWN f?O ----------·----
CHECK ED __ ;i2~- ---- _ 



• 

RECORD OF BOREHOLE 79 -8 
!8o{r/8N ; - 92·7/ E 
LO CAT ION (Stt Figur~ 3 ) BORING DATE Aug. 2' , I 979 

k11 
~: BOREHOLE TYPE l?ofory wifh air BOREHOLE DIAMETER l?O mm 

*1 SAMPLER HAMMER WEIGHT ~3.5 tg. DROP 7~ . 2 cm DATUM Ground .'3urlace 
~, 1o--~~~~~~~~~~~~~~~~---r-----,.-----r----r~~.,--~~~~~~~~~~---.-~~~~~~--1 

SOIL PROFILE 
ci 
z 

-u 
GI 

0 
~ ELEV. DESCRIPTION 

DEPTH 

(m) 

1078-80 Cleo1ed 5urf ace 
o.o 't<...5ome boulders / 

/06 2·6S 

Fro:?en greenish grey 
sandy silt TILL no 
visible ice ' 

J boulder [ 

J cot:>ble /boulder [ 
- ] cobble [ 

!~. lj End ot Borehole 

VERTICAL SCALE 
I: I 25 

..... 
0 "' ..J II: ..J 
IL "' 

Cl 
m "' ..... u 

>- :I! Q. 0 Ill 

:i:: :::. >- 0 
Q. z ..... IL z c 0 a: ' j:: ~ "' l&I 
j: _J ..J Ill Cl 
c IL r.. 3: > 

:E 0 "' a: ::I! ..J ..... <[ c ..J 
Ill Ill Ill m "' 

PIEZOMETER 
OR 

STANDPIPE 

' I INSTALLATION 

WATER CONTENT PERCENT ADDITIONAL 
Wp w 

' 0 
10 20 

0 

0 

0 ~ 

0 

.() 

0 

30 
I 

WL LAB. TESTING 
I 

40 

Ci -20 
S-34 
M-3u 
C-/0 

Cleared /1 
surTace·r 

c;-20 
s- .30 Sand 
M 34 f, . 
c-- re;; f:x;clc ill z-~: 

c:;- 12 ?5 .. 
5-33 '- mm . . 
M-35 PVC pipe-1-'r:' : 
C-20 

k;;"-37 
l5"- .34 
M-24-
c- 5 

Caved-/n 
mo-fena/2, 

Golder Associates DRAWN R-0. 
CHECKED :;;p_£_ 8 .H. 79-8 



RECORD OF BOREHOLE 79-9 
6'51 e 

LOCATION (See Fiour! 3 ) BORING DATE Aug. Z, 1979 
~ 
~ BOREHOLE TYPE f?ofor':J wtfh air BOREHOLE DIAMETER !14 mm 
'1 Cleared 0.3 17} below 
~ SAMPLER HAMMER WEIGHT 03.5/:J;. DROP 70.?cm DATUM nofurol orovnd surface 
~ 1--~~~~~~~~~~~~~~~~~~.--~~.--~-.-~~~'-'"-""'-=-:.........;"i;TJ--'=.:.-=----=:;"'-'r-.:..=.=::::~~~~--.. 

0 
;z: 

u 
.!!. 
0 .... 

0.. 

SOIL PROFILE 

ELEV. 
DESCRIPTION 

DEPTH 

(m) 

1141·82 Cleared Surface 
0.0 

1137-55 
4.27 

!/3b·64 

Olt"ve brown ro 
grey s:Jndy fo 
claf::Jef::J sift TILL 

Sch/Bf BEDROCK 

5.18 End of !3oreho/e 

VERTICAL SCALE 
I :50 

.... w 0 
_J a: _J 

IL w Cl 
ID w .... u 

> :IE IL 0 "' x ::> > 0 
IL z .... I&. z 
Cl 0 a: ..... 

~ I!> w w 
;: _J _J II) 

~ Cl IL IL 3r; 
:IE :IE 0 w a: _J .... C[ c _J .,, II) II) ID UJ 

. . . 
WATER CONTENT PERCENT 

Wp W WL 
I 0 I 

_,. 
!_ ,-:,J 
,, ,.., 

... \ . 
__ ... ,...:: 

,. ~ 

~ I 

Golder Associates 79-9 

PIEZOMETER 
OR 

STANDPIPE 

INSTALLATION 

ADDITIONAL 

LAB. TESTING 

No 
/n5fo/lof1on 

DRAWN R.o 
CHECKED ;::DG 



RECORD OF BOREHOLE 79 - 9A 
2394·b5 N; 913·28 E 

~I LOCATION (See Figure 3 ) BORING DATE Aug. Z, 1979 

~: BOREHOLE TYPE f?ofary wilh 01r BOREHOLE DIAMETER 

~: SAMPLER HAMMER WEIGHT U,3.5kg. DROP 76.2 C'/17 DATUM Cleared ground surface 
v·1 (removed' oroan/cs) r-; t-~~~~~~~~~~~~~~~~---.-~.----,---,~~-.-~~__.!...:....=.~~~--=::..:......:~.:...:.,::.~:..._~~~~--1 

SOIL PROFILE 

-u 
Cl> 

~ ELEV. 
DESCRIPTION 

DEPTH 

(m) 

1141 BZ Cleo red Sur/ace 
o.o 

1138-IG 

1187·?..5 

8rown grey clayey/ 
sandy 5i If TILL 
containing several 
pockel-s of sha!lered 
bedrock. 

5ch/st Bedrock 

4.57 Ene! of Borehole 

VERTICAL SCALE 

I: 50 

I-
0 
..J 
CL 

)-

l: 
CL 
c 
er 

" j: 
ct 
a: 
I-
Ill 

~ ~ 
~ 
~ 

er 
ILi 
m 
:IE 
:::> 
z 

ILi 
_J 

CL 
:E 
ct 
Ul 

ILi ..... 
CL 0 
)- 0 
I- i... 

.... 
ILi 
_J Ul 

CL 31: 
:E 0 
C( ..J 
VI m 

~ '~~ 
~ / PO. Z9 

~·-

I 
•• • ·. ":'I 

. · .. 2' " 2/ 
· . . i----.. 

ILi 
_J 

c 
u 
II) ' 
z 
0 WATER 
j:: Wp 
~ I ILi 
_J 

10 ILi 
I 

0 

0 

Golder Associates 

PIEZOMETER 
OR 

STANDPIPE 

' I ' INSTALLATION 

CONTENT PERCENT ADDITIONAL 
w 
0 

20 30 
I I 

WL LAB. 
I 

40 

c;- 51 
5-32 
'vf+c 11No 

TESTING 

lnsfo/lqfions 

t:b/- I 0 
c;- 51:5 
l5- 2tP 
M>'-C 1.5 

8.H. 79-9A DRAWN -1?Jd 
CHECKED ~ 



.... 
Cl> 

"O' 
'-

2378·12 N; 979·b2 E 
LOCATION (See Figure 3 ) 

RECORD OF BOREHOLE 79 -/0 

BORING DATE Aug. 2, 1979 

BOREHOLE TYPE Rofory wifh air BOREHOLE DIAMETER I 14 mm 

SAMPLER HAMMER WEIGHT <03.5 kg. DROP J(p.Zcm DATUM Cleared ground surface 

' ' ' 0.. __ ___, 

CONTENT PERCENT ADDITIONAL 

1142·82. 
o.o 

t.r42·22 
0,{o 

114o-69 
Z.13 

1138·25 

Cleared Surf'ace 
..... -

Or9onic 5i/f and debris ~ 
~ 

] cobble /Poulder [ 

8row17 sond'=f silt 
TILL with high 
proporf/on of 
dt'sf-vrbed schisf 

5ch/sf Bedrock:::. 

'--......_ 

~ 
~ ~~>Imm 
~I o.a 
K~ 

/l'-
1 I 

I '.::I' 
/ -
',,. 

4.57 End of 5oreho/e 

0 

W WL LAB. TESTING >---___,j0 I 

20 30 40 

~ - a;P 

s - 2' ~I? 

M+C-~ 
No 

In a fa! I a fion 5 

VERTICAL SCALE 
I :50 Golder Associates 8.H. 79 - 10 

DRAWN __g_{2_ 
CHECKED~ 



RECORD OF BOREHOLE 79-// 
2386-95N; /039·04 E 

~ 
LOCATION (See Figure 3 ) BORING DATE Aug. C , /979 

~I BOREHOLE TYPE l?orary wr'fh oir BOREHOLE DIAMETER 114 mm 
~: HT /_ 3 5 1J ..,/'. 2 DATUM Cleored sur-loce 0. e:, rn 
t\JI SAMPLER HAMMER WEIG LO . ~9- DROP /C.P· cm below nafuro/ (?round 5UrlocP 
<;)-.I 1--~~~~~~~~~~~~~~~~---.-~.---.----.r--~.---~~=-=:..:..____:....:.=.~-=.;-..:_;<-<-=f-.r....=:.........:~__,_,,""""-'...._-t 

"-1 

u ., 
~ ELEV. 

DEPTH 

(rJ 

1148·19 
o.o 

1145·75 

//43-62 

SOIL PROFILE 

I-
0 
_J 

IL 

> 
::c 

DESCRIPTION IL 
< ct: 
Ill 
~ 

"' a: ,_ .., 

~ 
Brown sandy s ilf /ILL I 
with /7i9h proportion ~ 
of pedroc~ sch/sf · ·· .· 

Weof hered schisf 
BEOROCK 

(dry) 

. ·::,-;· 
::-\. 
~. ·:.: 

~: ... 
J', , ; ,_ 
I_ , 
~ \ f .... 

~ ,-1, 
~1: ' 
..... '1 
/,/ 
\­,, ,, 
I_ 
-; I 
;...') 
,. ' 
-1-
1 ,-

7 -

4.57 End of Borehole 

.., 

I I ' 

a: _J .., c 
Ill 

.., I- u 
:E IL 0 "' 
::> >- 0 
z I- IL z 

WATER CONTENT PERCENT 
Wp W WL 

I 0 I 

0 ..... 
~ Ill Ill 

_J _J "' < 
IL IL ~ > 
:E ::E 0 Ill 

_J _J 

"' c Ill 

"' 
.., Ill 

VERTICAL SCALE 
I :50 Golder Associates B.H. 79- 11 

PIEZOMETER 
OR 

STANDPIPE 

INSTALLATION 

ADDITIONAL 

LAB. TESTING 

No 
I ne ta I !of ions 

DRAWN _Bd2_ 
CHECKED 2Lf:Z_ 



0 
z 

ti 
cu 

RECORD OF BOREHOLE 79-12 
229o-54 tJ; 12b7B5E 
LOCATION (Stt Figure 3 ) 

Rofon::1 wifh 

.... 
0 
_J a: 
II.. .., 

m 
> 

Ill I-
II.. 0 

BORING DATE Aug. Z, 1979 

PIEZOMETER 
OR .., 

STANDPIPE _J 

c 
1-----'----'----'-' _ _,_• ___ _. INST A LL AT I 0 N 

u 
Ill ' :I! x :::J > 0 

DESCRIPTION II.. z .... IL z 
0 n_ ELEV. 

DEPTH 

(m) 

1161·91 
o.o 

115039 
/.52 

1149-17 
2.74 

114-7·95 
3.9<o 

c a: 
Ill 
.... 
< 
°' .... 
Ill 

C/eored Surface 

Brown s_ond9 silf . ~ 
TILL) h19h propor lion ~ 
of t>edrock :;chisf ~ 

m 

5chisf- f3EDR'OC-k' 

End of fforehole 

Ill 
_J 

II.. 
:E 
< 
Ill 

0 

' i= Ill 
_J Ill 

~ II.. ~ 
:I! 0 Ill 

< _J _J 

m Ill 
Ill 

WATER CONTENT PERCENT ADDITIONAL 
Wp 

I 
W WL LAB. TESTING 

'------<0 I 

10 
I 

0 

20 30 40 

k7- 4-2 
5-33 
'M-20 

c- .5 No 
lnsfollaftons 

DRAWN R.O, 
CHECKED ::DG · Golder Associates BH 79 -1z VERTICAL SCALE 

/:50 



2284-47 N; 1372·13 E 
LOCATION (See Figure 3 ) 

RECORD OF BOREHOLE 79 -/3 

BORING DATE Aug. 2, /979 
~I 
~: BOREHOLE TYPE wirh air BOREHOLE DIAMETER 114 m/77 
, 1 Cleared surf'oce 0. 4{p m · 
~: t---s_A_M_P_L_E_R _ _ HA_M_M_E_R_W_E_l_G_H_T_~_3_._5_k<_q_. D_R~O-P--,--7.....,~~- 2~c~m_D_A..,..T_u_M_ .... h~P./.C!:o:Lw!-·_,n~o.L.· ft""'-v."--'r..:::0:.;,.1__.o.'2.'--ro::::_;::.u/?,'--'l~d_,S~V.~1 _r_;To=.i,,,C,_.,P.___. 
"-1 

0 
z 

-u 
Cl> 

SOIL PROFILE 

I-
0 
_J II: 
D.. w 

CD 
> 2 

w 
_J 

"' Ill I- u 
D.. 0 Ill 

:i: :::> > 0 
D.. z I- IL z 
"' 

"O" 
Q:. ELEV. 

DESCRIPTION 
DEPTH 

(m) 

1157·36 
0.0 

C !eared Svrlace 

Brown lo dork 9rey 
sandy /clayey sil f 
TILL 

0 
II: .... 

j::: " w w 
j::: _J _J Ill :; 
"' 

a. D.. ~ 
II: :IE :IE 0 w 
I- <( "' 

_J _J 

Ill Ill Ill CD Ill 

I 
~ 
~~~~ ~ 5/mrr, 

~ I aa J9 

~-
"""{ 1-=S"-'4'-'·o=.1....f-' -]-c_o_b_b_l_y_d_~_i/-/ ,_·n-9--[----1.>;~=:•~~·· _2---1 " f~ saf 

335 > ~ 
. I' 

Grey becoming brown "~ I 
5Chisf- BEDROCK '.-:"; 

- l' ,,. 

' \~ .... 
/, / 
I ' I 1152·79 

4.57 End of Borehole 

' 
WATER 

Wp 
I 

10 
I 

c 

PIEZOMETER 
OR 

STANDPIPE 

' ' ' INSTALLATION 

CONTENT PERCENT ADDITIONAL 
w 
0 

20 30 
I I 

WL LAB. TESTING 

40 
I 

No 
c;; - 39 I nsfo!!afions 
S-3~ 

M-1.9 
c- tP 

VERTICAL SCALE 

I: 50 Golder Associates s.H. 79-13 
DRAWN .....&f2...-
CHECKED ~ 



L 

223 7- 3/ N > 1249·75 E. 
LOCATION (See Fioure 3 ) 

RECORD OF BOREHOLE 79 - 14 

BORING DATE Aug. 2, 1979 
~I 
c;::il BOREHOLE TYPE f?ofory wlfh o/r BOREHOLE DIAMETER I 14 mm 
~·,' SAMPLER HAMMER WEIGHT &7~7 k.9. DROP 7&::,.2cm DATUM Cleared surface /. z m 

'../ ~/ow nofurol oround 5<.lrf'oce ~ t-~~~~~~~~~~~~~~~~..---r-----.-~-.--~-r-~-"""~~------'c...:.=...:....::....;_..;;_~~..:r='-'-'-'==--==-'--'-=..:,=-=--i 

SOIL PROFILE 

-u 
.!!.. 
0 .... 
a.. ELEV. 

DEPTH 

(m) 

1144-76 
0.0 

1142·63 
Z./3 

1!4D·l9 

DESCRIPTION 

Cleared 5urfoce 

Brown gret.; 
vondy / clo'dey 
sr"Jf /ILL 

Gre<.J sch1.sf 
BEDROC~ 

(dry) 

4.57 End of !3orehole 

VERTICAL SCALE 
I: 50 ' 

. . . . 
WATER CONTENT PERCENT 

Wp W WL 
I Q I 

I-

"' 0 ...J ...J a: c IL "' m "' ~ u 
> 2 IL 0 Ill 

:r ::. > 0 
IL z I- ... z c .... 0 a: i= " w "' I- ...J ...J ell ~ C[ IL IL 3t 
a: " 2 0 "' ...J 
I- C[ c ...J w .,, ell Ill m 

~ 

I 
~ 
~ I I 
\--I 
I , _, 

'I' - -
I/\ "1 
'/--, -, , .... _ 

1...! ;- ,,,., 
!._,I 

"'~' I I' 
'- I ,,,_ 

I- _, 

'/ ' 
-\/ 

~I;-

Golder Associates BH. 79-14 

PIEZOMETER 
OR 

STANDPIPE 

INSTALLATION 

ADDITIONAL 

LAB. TESTING 

No 
lnsfol/afions 

DRAWN R.P 
CHECKED _.:D.§:_ 
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/ 
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G.B . 102 

' [ --- r l--· ' L · . l _ l I . . - -

"""' ., 
PROJECT No79..?:_?_q?~-- ,. ~ 

. :\;\ . \. 
\ . 

RECORd OF BOREHOLE 79 - 15 

' 80R1NG DATE 
?.374-IZN; 57·74E 
LvC..ATION ;::-,e .. i-1 11 ··"' ..3 ' Aug. 7) 1979 DATUM 

BORErlOl E TY PE f?o f or9 wdh mud BOREHOLE DIAMETER 

6round Sur/lace 

114 mm 

SAMPLER HAMMER WEIGHT G3.5 Kg. DROP 7~ - 2 071 PEN . TE ST HAMMER WEIGHT - LB. DROP INCHES 

SOI L PROF ILE 

ELE VN. 

DEPTH 
{m) 

DESCRIPTION 

SAMPLES 

t- I . 0 ~ 
...J ex: i u.. 
u. w w " 
~ 00 Cl r./) 

<t ~>-:t 
a: .::> ~ 0 

~ z I I CX: 

w 

~ 
~ 
I-

~ 
w 
...J 
w 

DYNAMIC PENETRATION RESISTANCE 
BLOWS I FT. _________ _ 

COEFFICIENT OF PERMEABILITY k , 
CM . I SEC. 

\!) 
..J z 
< -­z l-o V) 
- w 
I- l-

o . 
0 ID • • • 

SHEAR STRENGTH Cu, LB /SQ. FT WATER CONTENT, PERCENT 
Wp W WL 
• 0 I 

10 20 3 0 40 
...J 

PIEZOMETER 

OR 
STANDPIPE 

INSTALLATION 

105B1cj,Grvu(J_q' Surface .· . _l I I I I ·t-t-t-+-t t-t- / 
1 1 

1

Groynd f) I o.o I :: .. · .. , ··· 1 __ __ ·- . . . , sur 1ace t:J I . 
1 ()x1d;-~d .50nd<:; :?/~ I I ' I/ 

v 
· 9ro vel and f~:/.' 
cobble5 :·;:;::::'. 1 5i,.,.r+. 

·~:··::.. Do. 
'-;i-'=;-=;:::::l-=-----.....,-J~'·:~::. 

Brown coor5e · / .. ::·. 

!04B-94 
7.J(o 

S<?!7d wif h 5ome ::(ftz=1 " I 12 
fJ ne fo med/u :r:>.' 
I /Hie line ro .;:~\~ 
medium qrvvd, ::(/-t i:J . I 1fo 

compocf-. ==:::.:: 
:::::: ( 
·o ·· 
·\:)t__1__1 .. I Zw 
;<.::~: .· .. ·· 

"'--- cobble ~ ~/:,::_.~ 
b'::·t.2_ 

G':"e9 5andy ro 'c/~ 
s1/fy 11// or . V./· 
co /luVJum, h 19h f :·:<:-t~ 
j}raporfiori of ::_·:-) :i 
bedrock schisf, ·::_::.:·.: 
red ox1daf/on \~l_L 
moH!tng /n '/.:.:) 

. l:::i;).• 
sch15f, cornpa ._;'b·J--;;­
fo den5C?. ,:._ ..... ~ 

] black or9anic[ ~f:;p! 
5 ·/t . ···'Jt--;:, 

I /):!i_2_ 

'• 139 

,, 1?.7 

" I Z(o 

• 1 04 

" I c;,r 

I harder dn/l/nq 1:))~ 
.<:>-:-:: 

:/ti} /0 I " 

J cobb le fuulderff /) 
-~:::.:: 

Oc.co51.ona I 
claye y s/lf 
pockets 

:.-::o 

k/~ .. 1>1ro 
%~~ 
:;.:;:·, 

~-/l:i 
~-':\; 
. ~//W .. I 4<o · ........ · ~ ': 

k?.:.':( 
t>;>··~ · 

0 

c 

• 
b 

~
-3(£. 

-5 I 

+ C 
-1.3 

v 

v 
I/ 

v 

v 
v 

l/ 

l/ 

V' 

I/ 

I/ 

l/ 

v 
I/ 

v 

v 
v 

I WL .sz. n~J 
12 7 .5epf 79 ti I/ 

J k,~ I . r:v ~- ,g v 

V1 
vt y 

V1 

·y 

I/ 

Cemenf/ v 
benfonife v 
grout____,,, v 

I/ 

v 

II 

v 

I mm. 9 ~
' ~. 

Pil {'. p;pq I ~ 

~~~ Pe/fon4"fe ~.; I seal 
. I" 

\ ;-.;., 
\ 

I 

~'fcJ 

"· 
( 

1° 1 1 .. 

..J/0:32-.32 

~
·58, 

"-... 

' 
' \ 

'\ \::. 
\ . 

'23?8 rdre9 5i I fy fine -::-_:_::·~ 
j.50nd w1fh some :·>\ULI " I // 
pebble5, loo5e fo ~.:_:? 
compact .~::.:;~ 
E xfens/ve loss ::\':~ 
of' 6rculofion /:~.~-
below. e4.4m ot?d :· .. -.~.\ 
confinu/nq fo 32m ::\:\.JJij ,, 120 

102744 ,0rpni _c fine 5':l. _:/\ 
. 51/f wtfh i?/e5 .... 

1 Gr~y sil ty :Sand :}fr 
ond grove I -:~~'·: 
(a!luv/urn) ~<: 1 

i/OZ5· very den5e , ()\:l:Z:~j .. ll' llX; 
'3 . /0 

Green1".5h 9re9 
1oec ormng 
qrey SC-f/r5/-
8EDROCK 

[ ..... ' ·-
' I- ,-

1, I 

-/ ,_' ,-, ,_ 
'I,.. 
I I I 

;--~~/~ I " 
' \ 

I \ /1 " , , 

/>(ct> 

b 

0 

G 5 ,.. lz. 77 

-29 
I .,.c, 

-/31 

i 510Hed 
; ZSmm 

t~,%af-' 1c 1 j P\/C. pipe?l 
r4nt , "" 1 c::-r . / o I . 

I 
: COQrs e 

:50 nd ;::;ock-- 1 • • 2 . . 

.. 
. ~ 

! -~ ~- . . 

. lcOved-m ~ 
iui t·'1'-1I 1 -·,~ 1 I I I I I I I I I I I I I I I I mofer.O/~ 
3811 IEnd or Bore hole I I I I I I I I I --+~--r---t---·---J----+---+------1-----~ 

f
' / _: 
~sJ!Lj q I -

' \ 

\., 

I 
I 

I 

i 
l 
I 

i 
j 
l 

0 . 
ir¢-s Percent axial strain o f - failure 

10 

_/ 

i'..r; 

Ferm eabil!fy 
7- 4 9 x;o -6 to 
!-61x10 -5 

cm / s· 

t-~~ ..... ~~~~~~~~~~L-......IL.---4~-'"~-L~~~L-~~~~~~~~~~~~~~~~~~~~~-L~~~.J...~~~J....~~.....Jl.-~~-L~~~..L~~~~~~~~~~~-1/ 

I 

Golder Associates 8 .H 79-15 
VERTICA L SCALE 

I: 125 
DRAWN /?.D. --·--------- ---
CHECKED '"J) G--- -- ---- --- - 1 

,• ... 
-~ 

:;l ./ _,., ... ,j 
·' 

1 
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G. B. 102 

PROJECT No79Z-2025 ------------

RECORD OF BOREHOLE 79-15 
2374-/ZN; 57·74E 
lvCA f lO N '.;:;ee r1\) c.rE 3 DATUM B ORI NG DATE Aug. 7, 1979 

BOREHOLE TYPE f?ofor<::J wdh mud BOREHOLE DIAMETER 

6round Surl'ace 

114 mm 

SAMPLER HAMMER WEIGHT (o'3.5h). DROP 7t, Z C/71 PEN . TEST HAMMER WEIGHT - LB. OROP INCHES 

ELEVN. 

DEPTH 
(m) 

SOIL PROFILE 

DESCR IPT ION 

r--_. -IGmund Surface 
o.o 

/{)4Eq4 

Ox id; -u::d scmdt; 
gravel ond 
cobb"es 

Brown coor5e 
S0/7d w1f h 5ome 
fine fo med/u. 
I/Hie lrne /-o 
med/um qrav~ 
compocf-. 

7. l<P I "'--cobble ../ 

Gref:J 5 andy ro 
silfy till or 

I co!luvium, high 
1Proporlion o f 
bedroc k 5chlsf, 
red ox1daf/on 
mofflt'ng 1n 
schi5f-, co,mpoi 
to den51? . 

1032-32. 

•Jo!ack oT9anic[ 
5i ff 

harder drr///nq 

1 cobble lx>i.Jlder[ 

Occ o s1·anal 
c/oye 9 s i lt 
pockets 

'23.78 1 Grey 5 i I fy -:Pine 
15Clnd w1fh s ome 
pebble5, loose fo 
compac t 
Extens/ve los s 
o.P Circulofion 
below e4.4m Orr/ 
confinuinq fo 32m 

1027-44 !0rpni~ f/ne :xJ, 
~-9t1f wdh po/b/e5 

1 Gre9 5 ilf9 sand 
a n d g rove l 

SAMPLES 

61 I I I-
er_ 5 wl ~ 
I- CD CL l/l 
<t 2 >- ~ 
a:: ::::> I- 0 
I- z ...I 
</) CD 

I l5J,,. 
O.a 

~j" 
J2 

3 . I (p 

4 .. ztp 

5 " 39 

(., . 'Z. 7 

7 .. Z.&i 

8 " ii4 

9 .. G, I 

10 .. -

JI I .. l>IOJ 

IZ I " 14<o 

1'3 I " I JI 

14 I ,, I ZO 

(alluvium) 
ltoZS·cQ vend d en :;,e I ~ .. l;.J, 

'3 /. /0 

/0/7-9 

jGre en15h 9re 4 
· o ecorr11ng 
qre y sch 1'sf' 
BEDROCK 

3811 I E n d or Boreho le 

VERTI CAL SC AL E 

/ : 125 

1q, I " I//~ 

I - · ·-·-

DOWN HOLE GEOPHYSICAL LOGGING 
PIEZOMETER 

OR 

GAMMA/ GAMMA 

Golder Associates 

STANDPIPE 

\NSTALLAT ION 

RESIST/V!TV G r o L)nc/ 
sur face / 

8H 79 - 15 

10?0 

104.0 

W L. 
2 7 Sept 79 

Cemenf/ 
b enfonife 
I 9rouf 

I 
Pelfon ,'fe 
seal 

1030 - is10Hed 
-- - i c5 mm 

I P.VC. p ipe 

I Coars e 
50nc1 ;:::?:?ck--

1020 I 
---------1 

I d. Cove. -1n 
mo fer a l 

Perme abllify 
7- 49 xio -6 fo 
/-6/ x 10 -5 

DRAWN __ _ fU;?: _______ _ 
CHE Cl< ED __ _ "J)_G ___ __ _ 

J 

J , . 

{_ 



G.B. 102 

2 2 50 · I 2 Ni 5· I 2 E 
LOCATION (See FiQure 3 

BOREHOLE TYPE 

PROJECT No. /9Z -2o25 -- ---------· 

RECORD OF BOREHOLE 79-f{p 

BORING DATE Aug. 9, 1979 DATUM Grour1d 5urfoce 

Roror!::::J wdh mud BOREHOLE DIAMETER 114 mm 

SAMPLER HAMMER WEIGHT 03. 5 kq DROP 70 z C/77 PEN TEST HAMMER WEIGHT - LB. DROP INCHES 

ELEVN. 

DEPTH 
(rn) 

SOIL PROFILE 

DESCRIPTION 

1043·26 I Fil I Surf oce 
o.o I G 1042-34 rove/ Ail 
0.9/ IMv..skeg Ond 

organ ic- debr'ls 
,Fro~en fo / 83m. 

I04o·51 

• '~ 1 Med/um fo 
coarse 5ANO 
and GRAVEL, 
COmf70Cf 

I-
0 
_J 

Cl. 

I-
<( 
a:: 
I-
I.fl 

SAMPLES 

a:: 
I.LI 
a> 
~ 
~ 
z 

I-
LL 

I.LI ..... 
Cl. (/) 

>- ~ 
I- 0 

_J 
C!l 

7""'T I) 0.0. 

Z I .. l /3 

3 I .. 114 

'03b·b5 I I 4 I " l i8 r w. 4o lcom,COCf qr-ecj 

1034-·7/ 
8.54 

medium fo cco!JI? 
sond some 

Coor5e 5ond 
and line gravel 

'Jwo5e to [ 
cornpocf 

Lo sin9 some 
1024·041 c 1rculoficn 
/9.Z/ 

!019·47 

Grey medium fo 
coors~ . sandy 
s//f, high 
proportion oP 
brcken tx:drock 
den.5e 

23.78 1 /:en5e 9rey 
dfy fine> fo Coo('5e 

5AN D' I /ff le grovd 

!OZ·7b 

Ven:::J hord 
scni'sf BEDRo:::k 

Relof1vel9 
so.Pf scf)l·s-r 
BEDROCK 

3o.491Etd of Barehole 

VERTICAL SCALE 

I: 125 

5 I •• I Zo 

c., I • I jO 

71 • 15"7 

8 I " 138 

9 I · 130 

10 40 

II I ·· I /0 

IZ I 12' 7 

13 1 1%> 

/4 I .. 138 

roo 

~ 

CtJWN HOLE GEOP/-IYSICAL LOGGING 

GAMMA1 / GAMMA RE515TIV!TY 

El 1040 

PIEZOMETER 

OR 
STANDPIPE 

INSTALLATION 

F1 /J 
surface / 7 

2 7 5ept 79r.:. 
~1/ l 

#J 

rm1s rori: 
#z 

·:.11 . 

#3 

±r4 

!?mm 
pvc pipe ,, 

'1 

-· - - --- 1030_, l.:ff.j 

Golder Associates f3.H. 79- 10 

I 

-e/ton/fe 
5ea/ 

""" 

1 ' ·'l h 

I 
JOZQ_..I 

I I ..... 
5andpacl.<. l::l j·: c-+ . 
5 /olled 
?.5m_m PVC i."~i: 

pipe -

DRAWN /?.O. --- -- ... ---------
CHECKED ':J> G . - -----------
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G. B. 102 

PROJECT No J 92-2o25 ----------- -
,I 

RECORD OF BOREHOLE 79 - I {p 
2.Z Sb· I 2 Ni 5 -12 E I •' 

LOCATION (See Figure 3 ) BORING DATE Aug 9' 1979 DATUM G r ound Sur face 
' • 

BOREHOLE TYPE f?o f o n::J w dh rnud BOREHOLE DIAMETER 114mm 

SAMPLER HAMMER WEIGHT 03.5 k:g DROP 

SOIL PROFILE SAMPLES I 

ELEVN. 

DEPTH 
(m) 

DESCRIPTION 

I04b·25IF/ll Surfoce 
u.o Grovel F;J/ 

/04-r.34 

I-
0 
....J 
a. 
I-
cf 
a: 
I-
Vl 

....,: 
14. a:: 

w w " CD a. (f) 

~ >- J; 
=> I- 0 
z ....J 

al 

0 .9/ Mu.s ke9 Ond . 
1

c,
11
,, 

or9on1i:' debns. I D.o.1 13 
Frozen fo I !33177 --10.: .=:.s1 · 

·14 Medium lo t/\_r_I " 113 
coarse 5ANO ::'.:t;i".: 
ond GRAVEL, ~?~· 
compac t '.)~~rr l " I 14 

~%~~ 
101 1-t5 :/'. 4 I " 11B 
0.4o Compact grelj ".\·.,.::_:. 

m Ed1um f o ccof.5€' :). f ;'. 
sond 3 ome ::)(:t2=1 ,, I Zo 

IC3'1·7/ o n O r 7tC :·:·.::': 

8.54 Compact }).~ 
/17/erloyered .)?.J:E::i .. I 3o 
sond ond .:::·:.:.' 
~ _.,. ,_.. , .· ·o · 

l '-::f/~l,.L , \ " ' ;.f:;-j 
(l".o / 'uf/1urn 1 \:~w ~ I 57 I ...... 

I / \ } 
. :f tz1 .. 138 

coa,-5e 50rd :i!-t~1 ' 130 
and line g ravel :~ ;;::; 

JI.Dose f6 [ //.0£1 .. 140 
compocf ·~:~: 

::::~:.~ 
:+;:r~~I .. l /O 
.Ji f I L o s ing .some j(:;~~J~I .. IZ7 

JQ!9'C4 c 1rcu!of;cn ·.-:.·::. 
t·-~-.'(·."· -· /9.2/ . 

!urey med1.um fo i.#J:::2j .. I.% 

/C-2447 

l

coorse _sandy ::>-: .. 
si/r, high ::i:; 
proportion of' )k 
brc k e n t;edroe.I:: :.:-:: .. c . . 
den.:;e :-:-:·: 

25.78 f::en5e grey >:/: 
jl /y fin t' fo Ce<7r:>e :} }:f-:-:;-15111oJ!i 

:5AN D , grovei ~:" : :oJ.,.2.._j t?.o 1>100 
/0 2/. .. ·._, 
Z5. (pl I_. 

\ -
l/erl:J hord ;...: 
scht5f BEDRCCK /;, 

1020-Zr:;. 

Z B.o.7 1 f?elofive/9 
soff scf)l 5f" 
BEDP.oCk 

101nb 
30.49 1Ehd Of Bare/wle 

'; ..... 
.... , 
/j-.. , 
/ .... _, 

\ ~~ 
\ / 

J / ' 
" ' I ,,, 
,~1 
...... \' ' 

VERTICAL SCALE 

I: 125 

w 
....J 

~ 
~ 
I-
<[ 

> w 
....J 
w 

~ 

70.2 c m PEN . TEST HAMMER WEIGHT - LB. DROP - INCHES 

0 

DYNAMIC PENETRATION RESISTANCE 

BLOWS/FT----------

SHEAR STRENGTH Cu, LB. /SQ. FT 
I 

l 
I 

I 

l 
I 
I I I l 

1s-¢-s Percent axial strain at failure 
10 

Golder Associates 

TEMPERATURE 
oc, 6 

-0-5 0 f-0 -5 +1- o 

WATER CONTENT, PERCENT 
Wp w WL 
I 0 I 

10 20 30 40 

Orglon ic <f onterf f /~ . 31% 
~ 

\ 
\ 

\ 
\ 

& 
\ 
\ 
\ 
\ 
\ 
& 

\ 

\ 
\ 
\ 

.Sepf: j.?7, 19~9~b 

B -H. 79 - 10 

I!> 
....J z 
<[ -
z l­o (f) 
- w 
I- l-
o . 
0 CD 
<cf 

....J 

PIEZOMETER 

OR 
STANDPIPE 

INSTALLATION 

F i II 
sur face <7 y 

27 5epf 79 .:. ·. 
~)110.if W l ;-= : ··I 

tr 1 -. ~ l 
~.-"', . ~-.:~ Thermis for :: : I 

-7 #z . I 

~bl· ; 
6- .3',J 
S-51 
Lvt+ fl 

-91 

I · 

#3 1·1 

~~ 
±f 4 rJ 

~
l· t!J 

· G4 
\ ·23t 19 mm r1~ .... 

\ +c 'pvc pipe. . ' 5 I ' 

t
\ c:;;51 
'(5 ~ 

~~ I :t:t5 I .1 

~ ~ 
"I IA 

Pe/fon~fe · 

1 ~
- 70 15ea/ 
-21 -· 
- 7 

- 2 

~
-54-
3(4 _ ~~ l.5andpazA 

SIC?ffecl 
'25mm PVC 

pipe --...-l~ 

mrmea b 1//fy; 
5-89 X 10-~cn?,,fS 

DRAWN ___ ~/?_ ______ _ 

CHECKED -~ _J)_:G:_:. ____ _ 



RECORD OF BOREHOLE 79-/7 
2448·63 N i /09·94 E 

\[) LOCATION (See Figure .3) BORING DATE //Aug 1979 
N t 
0 I BOREHOLE TYPE Rofary with muci BOREHOLE DIAMETER 114 mm 
~I 

t~.d SAMPLER HAMMER WEIGHT 6~·5/.::.q DROP 76·?.crn DATUM Ground surface 
0'-1 --~~~~~~~~~~~~~~~~~~.--~~~~--.-~~~~~~~~~~---.-~~~~~~___. 
I'- I 

-u 
.!!, 
0 

SOIL PROFILE 

..... 
0 , 
...J 
ll 

> 

!:: l&I 

Ir 
...J 

l&I ~ 4l 
m l&I u 
~ ll II) 

8 :c :::> > 
DESCRIPTION ll z ..... <'{) z Q: ELEV. 

DEPTH 

(m) 

I076B."3 Ground .sur-foce 

oro t unrroJen t 
5andy 5/LT TILL 

(fro3en) 

J Boulder 

I072·5b 

4l 
Ir 

" j: 
ct 
Ir 
..... 
II) 

427 O//vf2 brow~ 51/ty fme . . 
5AND and rine sandy 

1071-34 SILT 

l&I l&I 
...J ...J 
ll ll 
:E ~ 
C[ C[ 
II) II) 

5·49 °' c;obb/y dril!inq ..?" -~';, : .. 
Fme GRAVEL ond ~d~:...___llbmr. 

0 ..... 
j: 

II) C[ :c > 
0 l&I 
...J ...J 
m l&I 

C arse SAND mo.s i /y· ·:·: .. :. . 1 0.0. ~ 
~01en, some' broken .}/~ ,______ /i4-:>mm 
roe-7<. genes . Covinq of' {:/]; 

/Ob5Bt::. 

f"ro3en qrov121 fenC/s to 9/;\ 
mos-A cuttmqs . /ZeT"er fo -: :·:::·: 
8H.79 -20 ror more :R·::.' 
occurofe G. f rot1qraphy ~ -: : :· :· ~ ,__s1m1 1 

. -:~·.":' 2 00 :>"/O:. 
>::::;:.;.-

/~~~: 
·.:·- ~~ ·: 

/0·97 Grey brown fine sandy 
ta5>4·64 5/LT TILL 

12·19 End of Borehole 

' 

WATER CONTENT PERCENT 
Wp W WL 

I () I 

VERTICAL SCALE 
I: 12.8 Golder Associates /31-1.79-17 

PIEZOMETER 
OR 

STANDPIPE 

JNSTA LL ATJ ON 

ADDITIONAL 

LAB. TESTING 

DRAWN K_K_ 
CHECKED :l>G-
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(.( 
·1 

A 
' 

/ 

G.8 . 102 
\ 

\ 

1 · 

RECORD OF BOREHOLE 
2138· 4 1 N ~ 44-98 E 
LOCATION iSee F1Qure 3 ) BORING DATE ;0 AUC) 1979 

I -

i 
\ 

79 - /8 

DATUM 

PROJECT No. 792-2025 .... __________ _ 

BOREHOLE TYPE 8otory wiih rnud BOREHOLE DIAMETER 

Fi II surface. 

114 11tm 
• 

SAMPLER HAMMER WEIGHT 63·Skq DROP /b· 2 cm PEN. TEST HAMMER WEIGHT DROP 

SOIL PROFILE SAMPLES 

~ f- -
0 
_ J Cl:: <.) 

ELEVN. ll. UJ LU Q 
ll. ~ -- OESCR1Pf\ON I- al >-DEPTH < ~ 

a: :::> I- ~ 
(m) I- z 

I l/) -S2 
l.'Q -

~9·2?j Fill __ !ii! r_ ra~~--L ,·''''.'.'_J ,. 
(J.c;O ,. ::.,:·::::::J 

/04 / 71 G~:ve I FILL ~i[~ 
!·52 ~ 

Fro3en blocK . .:::ii;::: 
or9anic 5/LT, · =- ~ . r d - .:-;t---,-f ~mm pieces o woo . ~J co.1>1cx: 
!/ ice crysfols --=--
to 12 mm d1·a. =-=.: 

= 
1043-131 ••. .: 6- ld -··- ·-------- :::-.:;. z 

Fro3en, brown <\.:,· 
to 9rey layered r;:;.::.;. 7? 

f!i7e i.fo medium !·::·. :.:.J=~--z 
5AND.S_, Some I::·.: .-.: 
frne. qrovel/y !·:_·,:, .· 

" '"f00 

.. l..>100 

" l> /OC. 
/aye rs [.)\:°F 

/038·§) . 1':·.:-_:,, 

1 6 Layered.qreK 4 -11 ·:~.-:<L- , 
brown f;ne AND 

1
/:-::,:· ~:..i..." // 

If- coarse SAND I:·::>::··. 
)o (/ne GF.'AVEL, ::·:.::Q. 
ltrace organics t.:··.<t-7-
rr-larglna l!y j':·,~:::.:~1 

" 

f03b·/2 CC>f?J.{!_OCf _,:.::9 
/'2.. 

: /3·/ / 

· · Lavered qrey ~ 11 'tz::I " I 13 

-· ftne to med/um ... . , 

i;i!~,~ ;~l~ ~ .···'ff1bn ·· 12e: 
j.50!77e organic , ' 

I compact 
~JLIJ=2=1 .. I /3 

I 
I 

·., I I 11 111GQ-1 " 115 

UJ 
__J 

~ 
~ 
I-
< > 
UJ 
__J 

UJ 

.. 

DYNAMIC PENETRATION RESISTANCE 

BLOWS/FT. ----------

SHEAR STRENGTH Cu , LB. /SQ. FT 

L'cta sol!q-a fion, 
Gsl ,?. 61& 1 

Tesi 

TEMPERATURE , oc 
6 

- o -5 0 f-0·5 +IO 

WATER CONTENT, PERCENT 
Wp w WL 

0 • 10 20 30 

orgaf1c gc1renr 4--b% 
I 
I 
I 
I 

6 
\ 
\ 
\ 

I 
40 

\.!) 
_J z 

· PIEZOMETER < -z I-
0 I,/) OR -UJ 
..... I- STANDPIPE 
0 
0 ai INSTALLATION 
<..s: 

..J 

Fill 
5ur0ce7 

WL. _sz_ ~· 
27.Sept 79 

~--ilThermisfor1 ·j 
M-2:1 1f 1 ... 
c-3 

- 5G # 2 ... 
-3$ ,,.. 

I IO 3A 
<;-41] '. 
z,-~~? 38~. 

h 
I 
I 

. I 

{ 
~ 

\ 
\ 

..SJ-pr 2 y, /5' 7YJ2_,,)\ 

\ 
' 

0 

\ 
b 

M,.C 
- 3 

Cl - 4 
S - 84 
M-t-C 
-;z 

-4 # 3 

c-21 c; -4) SA S - G5 S - 5 7 5c . . 
M-rc IL-1-rC I· 

- &;; - I I 

- .?. 
- 7~ 

~c 

T 

5 - 2 
jM--8~ 
'C- / I 

#5 U·I· •• 
I:· 

, ,_, 

I 

~ lllllbd" l2c ---......_ riv 

!9mm ·.1 

Pvc pipe .... J~ 
I Scattered 
i ·•·. ~-, ... :.~ 

pebbles r 16:1 . 122 

1024--B~ 

24-38 

·"'/-

--------4\-lu.J.I 

Grey 5ondy 
G f.,AVEL., < !€'115€'. 

I I 
b Boulder 

l!0/72 ?:> 
~·: 32·m !Grey fine to 

coarse S A.ND, 1:< :~: 
little medium f.:.<•..= 

.. ! 0( 

gra v~/1 very b·:<;·.~ 
/015-c91 dense 1:::.:·-:::i .. i~1 

" 
/ 

79 
, , 3414! Poss ibly 

1014-IBj frac tured -.-~1\ BEDROCK -

t
i, \ 

' ' 
·~ : DarA qrey schi"s :~· 

~ tr '.'. ,_ 
1':_ i 
I ' 

' .... \ / 

--...,... 

\. 

/ 

::--, 

~ I' 

I BEDROC K /' I 
, \ 

I /I .:: 
.... -
' \ I 
, I 

'I ~ 
I"-: \~ / 

' ' I.- I 
I ' 

!WB-L:d I ; I ' 

4f.15 1End or &>reholc. 

V ERTI CAL SCALE 

I 125 

0 

ir-<rs Percent axial strain at failure 
10 

Golder Associates 8 H. 79 - 18 

p 

/-·· 

- u 1..: 

&
-/ -4 

. c;4 
- 18 ·-

1Pe!fonlfe 

~~~j·c·eal _ 11 
,)vf.;-c.. 

- _9 

1 

Pe-tur--~· 
pneumafic I : ··~· 
loiepmefer · _,_,. 

' ~b/:2 ...._ 
4 - 2 
5 - 6~ 

h,_,r.,,. c 
9 15andpoc /<: 

c: .. _...,.. 

,, 

~ 

~-·--· 

·--..._, i I ,_ 
I - • cave - 1n 
maferiaI.? 

DRAWN J?.f<' -- -------- · ----
CHECKED __ _;JI~ _ _: __ _ 

-~ 

, / .. 

.....-\ 

,_ 



........ 

G.8. 102 

2.138· 41 N; 44·98 E 
LOCATION (See F19ure 3 l 

RECORD OF BOREHOLE 
BORING DATE I 3 Aug /97') 

1 · 1· 

PROJECT No.?_?.?_-_?.'?_?:_~_ 

79 - 18 
DATUM F1 II surface 

BOREH OL E TYP E Rcfory with rnud BOREHOLE DIAMETER I 14 mm 
PEN . TEST HAMMER WEIGHT SAMPLER HAMMER WEIGHT 6 3 .S kq DROP 7b· 2 cm DROP 

SOIL PROFILE 

ELEVN. 

DEPTH 
DESCRIPT ION 

(m) 

1043·13 
6-/1 

Fro3en, brown 
to qrey layered 
f!ne. to medium 
SAND.5, some 
f/ne qrave!ly 

layer.s 
, I 

/038-87 
10 '3fJ Loye red. qre.y lf 

brown (me SAND 
I/ coarse 5AND 
to (ine GRAVEL , 
trace. organics 
marqma71y 

10%·!2.I comoac:.f 
13· // 

1024-8 

24-38 

1/0112~ 

Layered qrey 
fine. to medium 
=AND If non -
jplosftc SILT'. 
J50rlle orgamc , 
I compact 

Scattered 
pebbles 

Grey sandy 
GRAVEL, d ense 

J Boulder 

32-CD !Grey fine ro 
'coarse 54 ND, 
i/iftle mediun? 
igrav~/1 very 

/0/5-o91 d ense 
3414i Poss! bly 

/Ol4·1Bj fractured 35·01\ BEDROCJ< 

/wB-

: Dark qrey sch1s 
BEDRcx:.K 

4f.1!31End or fureho!t. 

VERTICAL SCALE 

/: 125 

SAMPLES 

f- ~ 
0 ~ _J er 
Cl. w w \) 

CD Cl. 
f- >- ~ <t ~ 
cr::>f-vi 

~I " I I ~ 
ta 

l l
;t;m, 
CC.I:>-

I I "" I 

s I " I II 

-6 I " I/?.. 

7 I" I ;3 

ITT .. l2o 

9 I " I 13 

10 I" 115 

II I ·• 12L-

, '.?_ I • I /I/I 

ta1 .. IS! 

141" 138 

15]" 179 

OOWN HOL E GEOPHYSICAL LOGGING 

j_Q_gQ_ 

-· ---- 1030 _. 

102.0 

I-- --·--- --··-·-· ------------------ . --·· - ----- .. 1010 

Golder Associates BH. 79 - 18 

I!> 

PIEZOMETER 

OR 

...J z 
< -z l­o V'l 
- w 
t- 1-1 STANDPIPE 
§ m INSTALLATION 
~ -<:{ ' 

...J 

WL . .2!... I II 

27.5ept 79' 

Thermisfor­
tf- 1 

:ti 2 

# 3 

' ·ll.1 

#4 

#5 

!9 mm 

" ' 
•lj' 

Pvc pipe ~,. 

Pe!ton/fe 
seal 

Perur~­

pneumafic 
iepmefer 

5andpock 
c 

leave -/n 
ima ferio /7 
; C:-

DRAWN RI<' ________ __ .. ___ _ 

CHECKED :DG" - --- ------- -



,.... 

" 

G.B.,102 

PROJECT No 792.-2025 . _.,.. __________ _ 

RECORD OF BOREHOLE 79 -/9 
22/6·S6 N; 73·73 E 
L < ; t it'.. iON (.See F1g :He 3 ) BORING DATE !.S Auq 197t] DATUM F/11 :5Urfacc? 

' 
BOREHOL t TYPE /{ofary wdh rnud 

S,'\MPc. ff; HAlAMEP. WE '..:i~! 63-:S ,k..q DROP 7b ·2 cm 

BOREHOLE DIAMETER // .//. rnm 

PEN . TEST HAMMER WEIGHT DROP 

---- . 
SOIL · PROFILE SAMPLES 

l 
f LE. ".n; ; 

DES CR: PllON 
Of: P T'-1 1 

~. I ~ 
'.:J 0:: E: 

.. I ~ 1 ~ ~ 
<: 2 >- ~ 

/ r/m\ ! 
• , I 

t I ~ l ~ ~ " z ~ 
I' D ........ 

I 
-,/OW·~FJ/I ~ur(C!_~~----:.«$£-:'t':.'I 

O·t:"Di Grave I i?'§.8 
1 FILL 1"'·'<'.,r. · 
l t;~~J 

I lr!/f/ .?A • ~"':r• 
~- --- --- ---- .~ 

;.sz :---: 
1r qan1c 5 /LT 

:J ebrls , /o c'se 
lo compact 

t=-_ 

~ 
~ 

~ 

~~: 
ei~. 1 76 milri tfil-Li 00 114 

tf~} !042·1.f 
6·/0 --- . 

j riiJ · 
j F:::} I ..... 

! 

~L· 
. ,,.. /~ T.ILL + J... t :·:· 
.::;, I I y w I ' I I ( )\ 

,./ 

'\ 

ti.. 

~ h1qh p ropor11on ~'."·~:; · 
F sc h ist r--.:'.:·:· 
BEDROC.I< tJ'.gf 

~)m 
~; 
ii\~:~ 

. \E~ 
poss1 bly {:·r~·, 
allul/1ur17 k.~ :· 

:t;~{W 
! .=.=;:;:,.. 
I :.o.··· · 
I :.:::: ~8·, 

/028-75 1 - - - u .i·:·:-;:.:: 
19-51 Grove /Iv .SAND. ·:::?::. 

- / , $ .... 
I 5cme loss r.f 1. :.:-: :·~ 
'c;rcu!af ;on /~ ·~? 

;·:.: 
JOZ.b·3/ ---- - -~ 
2/·95 Sch1s-t BEDRot: f:. , f ;, ... . I f -...... 1 '/ /tqht y .50 ie'!I 11 ,< 

do llin g b e low j~ ~, 
22 ·86 m ... -

1 I~ 
•I \ 1023-BB 

2438IEnd or fure e 

.-

VERTICAL SCALE 

I ·· 126 

UJ 
...J 

~ 
DYNAMIC PENETRATION RESISTANCE 

BLOWS/FT.---------_ 
\!) 

...J z 
~ f:: 

~ 
0 (/) 

.,._~~ ......... --~~_..~~~....o...~~~""-~~ ......... --~~-+~~~ ..... ~~~""-~~__. ...... ~~-o.~~~~ - UJ 

PIEZOMETER 

OR 
STANDPIPE 

INSTALLATION 
SHEAR STRENGTH Cu, LB. /SQ. FT I-

~ 
UJ 
_J 

UJ 

WATER CONTENT, PERCENT 

10 

Wp 'II WL 
t 0 I 

20 30 40 

0 

!G- ss 
~a-/a2b Jt9/m'ls - a 

('(I· 3 3 
C· "T 

NOTE I 5tr,1fiqrt ny I bas1d orf 1nt4 rpre r.af101 o,f 4;-u i-f 11 qs 
and d r il! i q a~f;on and I ther <f'fc.,re may! var-~ from 
t ha she vn. 

0 I 

"-<)' Percent axial strain at failure 
10 

Golder Associates BH. 79- /9 

--

I- I-
0 
0 ID 
<( <( 

...J 

Fill 
surface 

Vo l d ··,;.. 7i'" 

i91 i'7:TJ 0
1
1Q 

Pl/c pipe ,,~ I I 

Peltonderl­sea/ -z_. 
.. . 

5and{'Qck,~·--J .. :. 

5/ofted 
'25mm PVC 
pipe .....-c-..¥ 

Caue-in 
maierial --

I 

lfErmeabillfy : 
8· 11x10-5 

crn. / s 

DRAWN K"t:: ---------------
CHECKED __ l)G . 

""" 

·' 



G.B. 102 

2216·56 N; 73·73 E 
LOCATION (See Figure 3 ) 

RECORD OF BOREHOLE 

BORING DATE !5 Auq 1979 

PROJECT No 792-Z025 ··----------- -

79 -/9 

DATUM F/11 .5urfoce 

BOREHOLE TYPE Rofary wdh mu,-:J 

SAMPLER HAMMER WEIGHT 63-S /<.q DROP 7b·2 c..m 

BOREHOLE DIAMETER 114 mm 

PEN. TEST HAMMER WEIGHT DROP 

ELEVN 

DEPTH 

(m) 

SOIL PROFILE 

DESCRIPTION 

t-
0 
....J 
a.. 
~-
<( 
a:: 
t-
(f) 

SAMPLES 

t: 
El a:: 

w w ~ en ll. 

~ >-
~ ::::> ..... 

z Cl 
-..J 

~ 

toW·2b lF1 II surface , 
----o:ror Grave I 

Fill 
/{)4b-7. 

f.52 
I . 
Orqan1c SILT 4 

ldebr/s, loose I to compact 

I 
• 

1012-1.6' 
6 · /0 

/D?B-75 

j51/ry 7 ILL WI rr11 
h1qn p ropor1 ion loF sc.h!Sf 

BEDROCK 

- posst~ly 
ct/luv1um 

/9-5/ !Grave fly SAND,, 
I 50me loss of 
circulaf /on 

/Ol.b·3 / 

2195 1sch15f B EDRocK, 
liq htly xd-ter 

dnllin g b e /cw 
'22·8 6 m 

1023· 
24-381End of Borehole 

VERTICAL SCALE 

f: 126 

lbm. . 
1 I oof 14 

DOWN HOL6 GEOPHYSIC4L LOGGING 

GAMMA I GAMMA RESISTIVITV 

1040 

1030 

Golder Associates BH. 79 - I 9 

I.!> 
_J z 
<[ -z ..... 
0 (/) 
- L&J .......... 
0 . 
0 Ill 
<[ <[ 

_J 

PIEZOMETER 

OR 
STANDPIPE 

INSTALLATION 

void ~z 

9 mm J1 u 
PVC pipe 

Peltomfe 
5ea/ 

5ondr:-ac.K-

5foft~d 
1

. 

?5mm PVC . 
pipe --c.. 

Cave-In 
ma-feriol"" 

&rmeabi ldy : 
8· I I x 10 - 5 

DRAWN '/?~ _____ .., __ ,.. _____ .. 

CHECKED :DG ----------- -



2447-49 N; 114·36 E 
troCATION (See F11~ure 3 ) 

K~vUKU u~ ~UK~HUL~ 

BORING DATE /6 Aug 1979 

//-LU 

DATUM c7round =;ur-Toce 

BOREHOLE TYPE F?c far>; VI// fh '///" BOREHOLE DIAMETER / +" 9' /77 /Tl 

SAMPLER ~!1. a.f,.C£R W£11,HT /,,.-;. ~ ~ r: .:'..:.._ .' ~- Q r i.:~ 

SO IL PROFILE SAMPLES 

ELEVN. 

DEPTH 

~ 
0 
...J 
Cl. w l ~ 0:: 

w 
a.. "" CD ~ 

~ -:-_ ~ <[ 
0:: :::J 

DESCRIPTION 

~ z 
<Jl (m) 

O·GO j 

:3rown fine 
(Sondy SILT 
I 

107375 ~ 
.3-os 1,arown SI lty G!1:'Al--'a. ~}i-Z...' .. 

l!07Z-84;caarse 5(JND _.·.:~·~I 
396, . . 

!Brown fii?e 
l§andy .SILT 

··rrl .. 
I 

101009 i • ·- 6-7/1__ ______ - -... ~.... I 
I Grev hne 5andy ~<~ 
s1Li nLL 50me ~AD2.:1 • , . .., . ·' 

"ico1-9b lfine g~avel ·.';:-};. 
B-84Lt:>arse 5AND ¢fin ~:,·;,·t--7-
tGb7·0~GRJ:i.V'E l -;-;:·')-J::2_ I ., 

r-='- ... ----- -

9· 75 Fro3en grey_ =::>~~ 
fine sanci,v 31L7' ~:-\-=r 

!TILL low ·- ~'1---L-1 .. 

l
pfas'tit:it y . c cc ::,~~ 
ice cu ti mq:.:. to -:;;," 
12 m.rtJ... d ra. ··)h 

fCX.O·b9 i ---- - ·~~~ I .. .... ' J 
13-11 :orey fme S:...71·-Uy .\< 

... •SILT TILL ) .">." me ~ :-. -l •I 

-cc. •(1~01nin.J h1':Jb ~ ··°' I 
?rO.[ ·e>r t 1r n ,,,.. r · ·-.~; 

rr.::. "' :ytzQ 
I '·· ' · I J I " "k.> :• --

'.O. ~: 

' I 
I . 
•
1
r 1LL becommq 

:.: .... 
.... ~:-
~·~--- a--,;­
.-:~::: i--Li- - ' " .. .. '\ 

·.'- .'I; 

\

much /Jarder -
4 dr;"er 

g.:;,tc · ' .::;J=ztj· ~ -~ ::: . !'2... .. 

/9· 2D1 "'"'-C.:... ~-:~ .. I 
r:. I( 'Wr7 e:: , 9rey - ..,. 

I 
I 
I 
I 

Grey 5/LT, neon -
plasf/c fr h 
lplasficdy 
i {rock (/cur) 

-becoming, 
c /aye¥, I.;w 
p/a5 , icJty 

,,..,.,,,04~,~.54...,......(c:}_f::~ ~x~ D 
29-?kJ 

,,...... 

1039-b/ 

Grey sch1sfv 
BED!ZOC!·< , 

3N91End o( &>rehole 

VERTICAL SCALE 

I : 125 

ITT· .. 

t::&1 .. 

~,. 

I /6 I" 

ta::· .. 

·.·::-:·l /8 1 .. 

1- , 
" -~ ~ 

/ 

I ~ ,- b2:: \I :. I I • 
- 1- f 

/ -
/: 1 

. ~ ' 1---:.= 
;,,/~-' II 

~
- ..-, 1 ,­
/, 

,'__/_fil1 " 
'/: 
"'. , I 

\ / .+'::;-:;-
11..:~~l tf 

\ I -- / 
',~ 
' I 
...::r; 
. ' 

(J 
-...J 
\":Q 

w 
...J 

~ 
~ 
I-
<( 
> w 
...J 
w 

" I 

,r .- r : ' PEN . TEST HAMMER WEIGHT DROP 

DYNAMIC PENETRATION RESISTANCE 
BLOWS I FT. _ _ ________ 

SHEAR STRENGTH Cu, LB. /SQ . FT. 

0 

I I I I I I 

TEMPERATURE oc 
I.!> 6 , 

_J z 
PIEZOMETER <( -

-c·S c; -t-{)·5 +/·O z I-
0 Ill OR - w 
I- I- STANDPIPE WATER CONTENT, PERCENT 
0 /NSTALLAT ION Wp w WL 0 ai 

I 0 I <( <[ 

...J 
IP 2,0 3,0 40 

Ground 
su r7ace Q I Hr 

,,__.....,.Ti_./1erm~f~ ~ . · 11 :111 

+ '2·9 ! .. . ..I, 
_ -1s · 513 # 3 : . i i . 

-- - - 3 ·1 
- - \A +C . ·' 

- - 10 • I 
6 - #/ ·1 I 

) _5 -pf. 27,1 79 1 "J.· l "; - / . , I, 
I - 5cJ 

I 1 · 4- 1· 11 I ,.. _ g . 

~ 
0 

I #4 ~~ 
l . " 0 l . '[ 

01 I ·. 
I . . 
I , _. , j 

o I . . 
I . ! :l 

#6 1 .. ~ : 
I 

1...\ 
0 
l 
l 

O I 
\ ~- /G(I Pe!tonife 1·.1 fl 

<b 
I 
I 

5"/ I ...- ; _- • ~c sea '- - ~~ 
-33 ,... ·· '11: 

d 
I 
I 
u 
\ 
\ 

0 
I 
I 
\o 
\ 
\ q.,_ 1-H 
L-

\ 
p\ 

\ 

01 
\ 
\ 
\ 
\ 
\ 

p ' 

45= 2. 77 

I' 

\ 
~ 

\ 
\ 
I 
I 
\ 
\ 

' \ 
I 

I 
~·281 3 2 

f - ,,_::; 
.... l ... > 

r-4 
·t;8 

- 28 

~· 

#6 

I • • 

. 11. 
·1 1·· . ' 
·i 
' . J,. 

- i 
=#J ~ r h 

~ l 'h 
J ·, 
i ' ' . I 

,1 . 

~ 
... I 

- 3 !9mm ;~PV( p/pe / 
- 24 

• I 
I 

":>"' 

I 
.. ~ 

·I 
I 

. J 

. j! 
Pneumatic 1 · 1~1· 1 

~ _ G.~27 ~, 79 szir . 3 #8 1 1 1 . / I· r 1· 
Pef ur --- : , ~ 
poeurnatic ., 
CieJ0m12f er 

(x;ndpackz.. 

Ip/offed 1: 
Z5 mm Pvc. 

\ 
I 
I 
I 

#9\ 
\ 

./\ 

NoTFI Pn e'uma11'c. 11eg, ·1e.fe1id The rmlis to r 
- not . lfunc teoal. Pri sum b!y lfhe se we n; 

desft{ayed duri g 1n fa/ la ion 

f-"/.1act;' h 9, t98o 
l-f"her 15 fer be9an 

pipe .--· 7 
L__- 1,... 

#9 1 ·1:1· 

0 

tr~s Percent axial strain at failure 
10 

ro TU c f-/ 0. 

" Golder Associates BH. 79·_ 20 

!?3rmeab1 lity · 
13-64x 10·6 lo 

. ~?/. .JB x IO-s 
c::. rn / 5 

DRAWN J?/:: 
CHECKE-6 ~ ~JJ_G _____ --

-------



2447-49 N; 114 ·36 E 
LOCATION (See Fi11ure 3 ) 

RECORD OF BOREHOLE 

BORING DATE .10 ..J.uq /979 

79-20 

DATUM (.5rounc7 surf'ace 

BOREHOLE TYPE Rcfar> 1 wdh nr 

SAMPLER HAMMER WEIGHT 63·6 i<q.oROP 1~:·2 crn 

BOREHOLE DIAMETER /417' 177 m 

PEN. TEST HAMMER WEIGHT DROP 

ELEVfo.I. 

DEPTH 

(m) 

SOIL PROFILE 

DE SCRIPT ION 

I07b-Bo lGround surfac 
·CV 

}()7009 
671 

3rown fme 
SOndy S!L7 TILL 

/ILL becoming 
much harder 
'1 clt -, e,. ,-

Grey 5/LT, non­
plashc f o hw 
pl a sf ic ify 
(roe k Oou r) 

-becoming, 
c!ayev., bw 
p/a5'tici1y 

I j} Gravel ly 
m"~ zA 'Coarse SAND 

1039'6/ 

Grey sc/-usfy 
BEDP:OCI< 

37-191End of Borehole 

VERTICAL SCALE 

I: 125 · 

I-
0 
_J 
Q.. 

I-
< 
Q: 
I-
I./) 

SAMPLES 

~ Q: 
w w 
Ill Q.. 

:E >- ~ ~ I-
z 3 

\:() 

DOWN HOLE 

NATURAL GAMMA 

GEOPHY5!CAL 

GAMMA/GAMMA 

·- -

LOGGING 
PIEZOMETER 

OR 
STANDPIPE 

INSTALLATION 

RE515TIVITV I Ground 
surrace 

1070 

. 000 -l 

1050 

)7erm~t~1 J l1 

#3 I ~ ii 
#J 

#4 

-:11 
·I ,·, 
. ti .. 

#5 

#6 

#7 

r.·1r 
I 

/9rnm Ji·· 
PVC pipe,,,,- , ! I 

· J 
-·---- ---------- I 

104() 

neumanc 

Petur--.i 
pneumatic 

'l°eJOmtder 

ndpack 

pipe -- z 

.·1r: 

#9 1·., . 

mrmeob1 lity : 
3·64 X 10-6 lo 
4 ·1Bx 10- 5 

Golder Associates BH. 79..: 20 
DRAWN 1?/:: 
CHE CKE-~ -=:DG." -·. -- -. 

--- --- -- ----

-- . - ------- · -- - -- - - ,, ---- ---~ ---

... 



1974·58 N ; - 119·73 E 
KtGUKU U~ BUKtHULt /l/ - ~I 

LGI.. A 1 lvN , ~, ee " ' <Jure 3 ) BORING DATE / {:,, ~ uq /9/9 DATUM c: !eared q rc'u nr/ sur-fac::e. 

BORnWLE TYPE Re far y WI ih rnu( i BOREHOLE DIAMETER 114- mm 
SAMPLER rl~~MC:R >;;f. ;GHf 655 /,,

1 
:::.ROP 

SOIL PROFILE SAMPLES 

ELEV N. 

DEPTH 

(m) 

DESCRIPTION 

I-
0 
_J a: a._ I.LI 
I- ID 
<( ~ 
Cl: :::> 
I- z 
(fl 

10£o.01jC!eaced ~urface 
1 I j 

0-00 J1;.j 
COBBLES Et :··. 

BoULDER.S 

l,/Q17rt41 - - - - - - d':''· 

~ 

~ UJ 
a.. 
>-

~ I-
() 
--.1 
\l:J 

2 ·13 Grey fine sandv 
S!Lr Till or ' -176"'rt> 
COlLUVIUM, !cw I oa 

.Q4b·~~ 1 p/ast1ci ty, . .J~~e ... 
3-9(;; 8rown, ox1di:jed ~::.-" 

A LLUVIUM, r·:=::.·f(rl " IZ.7 
11nclud1pq coors .~:·:·:· 
SAND 1( fie ::ot 
gr avel 11 s i f ty :·:·.":"-.·:. 
qrave/ , ccmpacif·:<({I1 ·· f?'W 

t043·a:l 'To q~nse · 1.-: .-.: 

~ I I I I l!A=1 ,, 138 
Coarse SANO 

J f ine ~RAVEL [ 

axerecl qrev 
fl b ro wnb .silty I 

t,Lne SA N 4 
tine s a n dy SILT; l 

'ense 
' I .. 

rn cs1 -
:1 7~'1' 53 

D.c 

"tI:J ·· l4s 

1!03453. ---· - - - -~" l>to.'.J 
/554 ......... 

·~~ ~·:{: :.~~: 

~t:t 
:.:::,.:jt q I II I>(('('; 

._'1/t.:y /c_Jyc ,.·~ c/ 

SAND 4 uRAvEL 
ALLUVIUM; 

• 1/ery dense 

U,f.~ 

ffiN1 
~·~:·:·De= 

:~~ 10 

I~<~ ! ;~~ 

" '.>ICC 

1025·691 ~· .. :-:-:·. 
24-.881] L.av~r~d- - -[ ~~::Di. 11 __ 1 ~ 

I med SAND ~ 
4 TILL . ..~"-\ 

l>/OIJ 

-·~· 

~~~~ .. . 
... ·:·-:-> Grey sandy 

Sil T TILL , very 
dens e 

i:-.:)-; > 

!~~{: 
' ··· .... '.9 

*~;: 
i:i' . 

~;!~ 
M.~ 
~~'·-· 

;~ 
'IOIS·9~ · · · · 
?4·1 

1013-49 

Grey schis-t 
BEDIZOC..k 

36-58.End o{ Bore hole 

VERTICAL SCALE 

/. /2'3 

" •>;m. 

I.LI 
_J 

~ 
~ 
I-
ct 
> 
I.LI 
_J 

UJ 

, ' 
' t.~ - ( • PEN TE:ST HAMMER WEIGHT DROP 

DYNAMIC PENETRATION RESISTANCE COEFFICIENT OF PERMEABILITY k, I BLOWS/ FT. _____ ____ _ 

I ' ' 

I SHEAR STRENGTH Cu, LB. /SQ. FT 

CM. I SEC. 
\!) 

_J z 
~~ 
0 Vl L~~~~~~-UJ I- l-
o 
0 ID 
ct <( 

WATER CONTENT, PERCENT 
Wp W WL 
t 0 I 

PIEZOMETER 
OR 

STANDPIPE 

INSTALLATION 

10 2p 3.0 40 

0 

1r<rs Percent axial strain at failure 
10 

p 

I 

0 

c 

c 

Golder Associates BH. 79-21 

0 

0 

. 

--. 

_J 

C leared , 
surf'oce /, 

/' 

w L. .$l1 
Z7.Sept 79 

1.::; - .c-" j> 

:5 - I~ 
v:+c: 

- 5~ 

' - :5 1> Is. 3& 
k1' -1 c 

- .9 

~
: 3 !7 

- / "!: 
M -3_)? 

c- / tf 

15 -/2 
Iv? - B i 
C- :;; 

t9mm d!'o . 
Pl/C pipe. .......-'*"' 

I. 

· 1 ., 
·1 

ft!ltond'; ~ I 
sea/ <--··, 

- ~ndwc2J 
rs -,5<; 
fl,.. - I; 
-- 3 

5/of1ed 
2-5mm PVC 1: 

pipe .-- · 1'": 
............_ 

~rmeabil,-fy: 
6-3 3X 10 - 6 

c.rn / 5 
I 

DRAWN Rf< 
CHE CKE-~ - • 15c;-- --- -

-------- ----



RECORD OF BOREHOLE 79-21 
1974-58 N ; - 119 ·73 E 

LOCATION (See Fi11ure _3 ) BORING DATE l b /\uq 1979 DATUM Cleared aroun d sur face 
../ 

BOREHOLE TYPE Rofar y w ith mud 

SAMPLER HAMMER WEIGHT 6.3·6 kq DROP 76 ·2 cm 

ELEYN 

DEPTH 

(m) 

SOIL PROFILE 

DESCRIPTION 

Co8BLES Ef 
EoULDERS 

Z· t3 1arey fine 5and 
StLr n u r::>r 
COLLUV/UM low 

I04b·ll 1Plastlciiy, j~~ 

I-
0 
_J 

Cl. 

I-
~ 
a:: 
I-
(/) 

3·9b 8rown. oxidi:jt~d 
ALLUVIU M , 
tncludi}?q coon :. 
SANO trr1e 
qravel If s1 !ty 
qrave/, compac 

/043·99 'to . cj_ens r;= 1 
701 

I 
I 

Coarse SAND 

J fine fsRAVEL [ 

Lay,ereci q rey , I {/ b rownb silf y I 
1fine SA N 4 1 

t ine sandy S ILT; i 
dense 

SAMPLES 

~ 
~ I a:: 

~ 
~ 

a:> Cl. 

~ 2 >-
:::> I- ~ z (J 

~ 

2- I •· 12..7 

3 I " I;>, 

4 l" 138 

7 I " 145 

/034.53 
!5·54i 

-+---1 8 I '' l>ro 

1015·93 
34· 1· 

101349 

;Grey /avered 
iSAND d GRAVEL 

ALLUVIUM/ 
v'ery dense 

Grey sandy 
5/L T TILL, very 

dense 

Grey schis-t 
BEDIZOC~ 

36-59.End o( &reho!e 

q 

{0 I " I>. 

[ fl 100 

/'Z I " 

DOWN HOLE 

GAMMA/ GAMMA 

BOREHOLE DIAMETER I 1-1- mrn 

PEN . TEST HAMMER WEIGHT 

GEOPHYSICAL LOGGING 

IZE5/STIVITY 

1040 

/030 

!OZO 
·-- -~~~-·~~--~~ 

VERTICAL SCALE 

1-12'3 
Golder Associates B H. 79 - 21 

DROP 

<,!) 
..J z "" -z l-o (/) - ~ 
I- l-
o . 
0 al ""c ..J 

PIEZOMETER 

OR 
STANDPIPE 

INSTALLATION 

Cleared _ 
sur-face / / 

WL ~ 
2.7.5ept 79 

19mm d;o . 
IPVC pipe_ ..-

·I 
. I 

If 

R:!tonife 1·-ll : 
seal -- -;; 

<- -

5ondpock 

5/of-/ed 
2-~mm PVC 

pipe ---- : ,. 

Perrnea bi l/ry : 
633X 10 - 6 

DRAWN RI< ---- -----------
CHECK ED __ :p_~-- ____ _ 



RECORD OF BOREHOLE 79-22 
1869-83 N; -198·86 E 

\./\ LOCATION (See Figure 3 ) BORING DATE /9 Au9 /979 
NI 
~: BOREHOLE TYPE Rotary wiih mud BOREHOLE DIAMETER 114-mm 

N: SAMPLER HAMMER WEIGHT 63-5 kCJ DROP 76·2cm DATUM Cleared ground surface 
°'' ~~~~~~~~~~~~~~--=-~-.---....~..---.-~-.-~~~~~~~~~~,--~~~~~---1 

I' 
1 

SOIL PROFILE 
0 ~~~..--~~~~~~~~~~~..---~ z t: 
u 
.!!.. 

.... 
0 
..J 
IL 

> 

a: t: 
llJ 
ID llJ 
:E IL ~ :r :::> > 

IL z .... 
C[ DESCRIPTION 

0 
Q: ELEV. 

DEPTH a: ' ~ llJ II.I 

i= ..J ..J C/I 
IL IL 31: C[ 
:E :E 0 a: .... < < ..J .,, .,, .,, ID 

(m) 

1079·'2..o Cleared around 6urface 
D·{X) ~ 

I 
Fro3en olive brown fo I~ 
qrey fine sandy S ILT ~~ 
/ILL, occ. coarse sand 1~1 ~2.~100 
and gravel pockefs 1~""-'- · 

/070·0b 

9·14 End or 8oreho!e 

~ 
~ 17 .. >m 

~ 

NDT£: Borehole abandoned c. 'ue -h~ loss 
of pit seal. Four boreholes were 
aifef?' pfed with mud in ihit. ar-e1D', 
but a/l had to be abandone,f. 
Boref ole 79-22A was dri /led ..-iifh cr;ir 

II.I 
..J 
c 
u 
Ill I 

z 
0 WATER 
i= Wp c 
> 
llJ I 
..J 
llJ 

I I ' 

CONTENT PERCENT 
w 
0 

WL 
I 

ia-;5_;tl 

S-ZG• 

IA-1+C. 
-15 

PJEZOMETER 
OR 

STANDPIPE 

INSTALLATION 

ADDITIONAL 

LAB. TESTING 

No 
/ns fa //af 1on.s 

VERTICAL SCALE 
1: /25 Golder Associates BH. 79-22 

DRAWN 1?f::.. 
CHECKED ~G 



-u 
.!!_ 
0 .... 
n. 

RECORD OF BOREHOLE 79- 22A 
184.084 N; - 185·90 E 

SOIL PROFILE 

.... 
0 
...J 
IL 

>-
ELEV. ::c 

DESCRIPTION IL 

DEPTH c 
a: 
~ 
j:: 

(m) C[ 
a: .... 
Ill 

108/.90 Cleared qround surface 
O.DO Fro3en olt-erncrtin9 ~ 

bro wn .ff q_lt!J!. rine ~~ 
:sandy Sll:.T T IL L 1 non- ~~ 
plasiic to .foVI( plas-ficity,,r;;,_~-·~ ._. : 
occ. organic layers ~"\ 

m9·~ ~ -

easier dri111ng 

/Obb·6b 
!5·24 =I organic 

1063·6/ 

Dark grey .5/LTJ non -
p /asi1c., bee.. cob6 /e 

o r pebble 

18·29 End of Borehole 

c 

~ w 
~ ...J a: 

w c 
m w B 

u 
:I! IL Ill 

:::> >-
z .... ti\ z 

' 
0 
j:: w w 

...J ...J C/) § IL IL ~ 
:Ii :Ii 0 w 
C[ < ...J ...J 

"' Ill m w 

I W.S 

-o·,5 <? -t0:5 + ~D 
STANDPIPE 

INSTALLATION 

WATER CONTENT PERCENT ADDITIONAL 
Wp W WL LAB. TESTING 

I 0 I 

Cleare d 
surfoceJ 

19mm dia. . 
PVC p/pe ..-1-? 

#4 I 

S:::!ndpacz . 

#5 lJ . 
Cave-in [;.C 
materi~~ 

VERTICAL SCALE 
/: 1'2-8 

DRAWN _JjJ{__ 
CHECKED :PG-Golder Associates 8H. 79-2ZA 



RECORD OF BOREHOLE 79-23 
1910·41 N ; -387· 72 E 

I.fl LOCATION (See Figure 3 ) BORING DATE 2..2 Aug /979 
(): BOREHOLE TYPE Rofary with mud to 2-2mj BOREHOLE DIAMETER 114 mm 
N1 air to 18-29 m 
Nl SAMPLER HAMMER WEIGHT 6 3·5 kq DROP 76·2c.rn DATUM Cuf qround sur-face RI 1--~~~~~~-------~~-..---..-~~...---..----~~~~~---..-~~~~~--1 

0 
z 

.. 
u 

.~ 
0 .... 

Q. 

SOIL PROFILE 

ELEV. 
DESCRIPTION 

DEPTH 

(m) 

1083·17 Cut round sur-face 
O·DO 

1074.03 

J Ice seams to 12. mm 
th/cAness 

Fro3en brown to grey 
fme sandy .5/LT TILL , 
6ome visible ice 
near surface 

:J orqanic 

9·14 "]Orqanic bloc!<. ine to 
coCfrse SAIJD 'El GRAVEL 

(appear s to be unf"ro3en) 

1070· 
/3·/ I 

cobble 

SAND l/ GRA VEL 

Gre.y Tine sandy 5/L T 
TILL 

J Boulder 

End o f Bor e ho le 

... 
0 
...J IX 
IL llJ 

m 
>- 2 x ::> 
IL z 
c( 
IC 
I.!) llJ 
j: ..J 
c( Q. 

IC :ir; ... <[ 

Ill Ill 

NOTE: Borehole. aba ndon e d dc e. o 
roft/n of permofros i I/ cctv. ng 
Hole i3e crf surface ~ o·7m d. . 

t: II.I 

~ ..J 
c 

llJ a u 
IL C/I 

>-... z 
0 .... 
j: II.I 

..J Ill c( 

IL !&: > 
:ir; 0 II.I 

c ..J ..J 

Cl) m II.I 

" >(CO 

" 90 

PIEZOMETER 
OR 

STANDPIPE 

INSTALLATION 

WATER CONTENT PERCENT ADDITIONAL 

LAB. TESTING Wp W WL 
1---~01---...J 

0 30 4 

Ground 
surface 1J-

/9 mm d ta. ·. 
6 -35 PVC pipe ..--; 
S -JI 

Fkfur 
pneumatic 
pie3om e te __ r-'JC-__. 

1n 
rilled 

m Ea6f 

VERTICAL SCALE 
/: 125 Golder Associates BH. 79-23 

DRAWN ~ 
CHECKED :12£_ 



RECORD OF BOREHOLE 79- 2.5 
1050·57 N; 1432·59 E 

';:!\ , LOCATION (See Figure 3 ) BORING DATE 2.7 Auq 1979 

Gt BOREHOLE TYPE Rofary wifh air BOREHOLE DIAMETER 114 mm 
Nt 
N: DATUM C !eared ground surfac e SAMPLER HAMMER WEIGHT 63·Sk9 DROP 76-2cm 
CJ'I 1--~~~~~~~~~~~~~~~~-.--.---..~,-~--r-~~~~~~~~~~--r-~~~~~--t 

1'- I 

0 
z 

-u .. 
0 .. 

Q. 

SOIL PROFILE 

ELEV. 
DESCRIPTION 

DEPTH 

(m) 

/Cf,7-CO Cleared ground surface 
O·OD Organic SILT El debris 

108b·C9 

10£.9J.8 Sandy 5/LT TILL. 

l·SZ 

Fro3en SILT TILL and 
scnisfy TILL 

1082·73 
4-27 

5CH/5T 80ULDER 

/080·90 
6-10 .Sondv SILT TILL 
655 BEDROCK 1079·t:.A SCHIST 

7·32 

Re/a lively hard 
.SCHIST 13EDR.ocK 

!n76·?.d. 
IO·Sb 

Re!ahvely soff 
SCHIST l3EDRocf!, 

1074.P,f 

12·19 End of' Bore no le 

VERTICAL SCALE 
/: /00 

I-
0 
..J 
Cl 

,.. 
x 
Cl 
er 
a: 

" j:: 
er 
a: 
I-
II) 

,_---:: 
l::=-

= 
~ .... 

~ ~:. 

~ ~. 

~ 
~ 
~ 
>- 1-- \ 

/ j .... 

I' ;< .. 
1-- ,- , I - \ ...... 

- I 
I -

- \I 
/' ... , ,,,..' 
I ' I , -
, -• 

I 1 I 
..... -...; 

•'' 
/ I 
-...1 I 

...... ,, , 
\ / ' 
\ I , 

1;; 
'- .... \ 

• I -

a: 
llJ 
Ill llJ 
:IE Cl 
:;) >-
z I-

llJ llJ 
..J ..J 
Cl Cl 
:E 2! er er 
II) I/) 

t 
t 

~ 
' 
II) 

~ 
0 
..J 
m 

llJ 
..J 
er 
u 
I/) 

TEMPERATURE, 0 c 
6 

PIEZOMETER 
OR 

STANDPIPE 

INSTALLATION 

WATER CONTENT PERCENT ADDITIONAL 
Wp W WL LAB. TESTING 

I Q I 

6 
/ .. 

f S e, 
I 

1, 

~ 
I 
I 

~-I 
L~ 

~ 
\ 
\ 
h 
I 

I 
I 

lD 
\ 

h 

6 
/ / , 

/ 
[.; / 

~ 
bc.ZI V7.9 

GrOLJnd 
surface 7 

Thermistor 
1F 1 .• 

'27 .Sept 79 
W.L . 52.,_ 

:113~ ~ 

#4 I 
Pelfo nife 

1
: 

1
· 

seal _ ,,.... 

#5 .• 

~I 

#7 ·1 

#9 .• 
Pefur -

pneumof ic 
p!e3omef e.r 

Golder Associates BH. 79-2 5 
DRAWN PK.. 
CHECKED :J26:.._ 



RECORD OF BOREHOLE 79 - 26 
2':>79./3 N ; ;26-90£. 

I..{\ LOCATION (See Figure 3 ) BORING DATE 27 Aug /979 
NI 2: BOREHOLE TYPE Rofory wifh 01r BOREHOLE DIAMETER 114 mm 

~: SAMPLER HAMMER WEIGHT 63·.!5k9 DROP 7b-2c.m DATUM Ground .5urface 
Ft: J..-~-----~---------~~----.-~....--~~---~~~----~---~~---1 

SOIL PROFILE 
0 l-----~~~~---~~~-~~~~--1 z 

I-
0 
.J a: 
0.. l&J 

m l&J 
>- :I 0.. 

ELEV. ]; :> >-
DESCRIPTION 0.. z I-

DEPTH 
C( 
a: 

" l&J Ill 

I- .J .J 

{m) < 0.. 0.. 
a: ::E :I 
I- < C( 
Ill Ill .., 

!Db/99 Ground surrace 
0.0D oroanic SILT ¢ debris 
0·61 

Brown fine. sandy SILT 
105<i-8b Tl LL 

2.-13 ~i~fden;c5 ~ .;t,f1~'. 

Red brown fine fo ~~;~{~i 
eoarse SAND i GRAVEL '}[: 

ALLUVIUM \:::.'.;~ 

11& /054·98 
7·o/ End eir E3oreho/e 

~ l&J 

t .J 
C( 

~ 
u 
Ill 

z 
0 .... 
j:: 

Ill :; 31: 
0 Ill 
.J .J 
m l&J 

' 

WATER 
Wp 

' I I 

PIEZOMETER 
OR 

STANDPIPE 

INSTALLATION 

CONTENT PERCENT ADDITIONAL 

I 
W WL LAB. TESTING 

1-------4Q I 

10 30 40 

No 
insf a I la tion.s 
/3oreho/e 
bacl<{i!led 
with sond, 
Borehole dry 

VERTICAL SCALE 
/: 125 Golder Associates BH. 79-26 

DRAWN Ki;;_ 
CHECKED .12.k_ 



G.B . 102 

PROJECT No 79 z - 2o 25 . ------------ -

RECORD OF BOREHOLE 79-Z.4 
I 161· 40 N ; 1222·52 E 
LOCATION (See Fioure .3 ) BORING DATE 22 A u g 19 79 DATUM Cleared 9ro und sur-foce 

BOREHOLE TYPE Rof ary w1 f h mud 

SAMPLER HAMMER WEIGHT 6 3-S kq DROP 7b·'Z. cm 

BOREHOLE DIAMETER / / 4 mm 
PEN. TEST HAMMER WEIGHT DROP 

SOIL PROFILE SAMPLES I 

I-
~ 0 

..J 0::: w ~ 11. w 
I- ID 11. 

<t ~ )- "-... 
a:: ::> I- \I) 

I- z ~ 
(/) c:::i 

--J 
(m) 

DESCRIPTION 
ELEVN 

DEPTH 

~ 

J084Ml6rc LJnd 5urface 
0

·
001 

Olive brown ft'ne ;r~J~ 
sondv 5(LT TILL, ~: 
campacf to .... : ... _' ... 

. ·· :t-":-1 7bm~ 
dense ·.<~~ 00.1 29 

108Z35 ~ :): 
? 29 . 

fD75.,P,;i 
8-84 

11070.01 
14 63 

re y ft ne sandy 
'SILT TILL , /ow 
p/as f ic.i ty, 
fi's~ ured, compa 
to dense ( cold 
bu t not fro3en ) 

J sample seems 
-fro3en 

ti· 13/ 

~I" l>ra 

.... " ' '( ... ~ 

Grey clayey SILT~:-~~ .. }~ 
to sandy SILT :-·:-:..: 
TILL hard ::.:~-' . ...~'\ 

'···· ... .. ;~: 
I ::. · ' I 

:·~ 
~::o.-
· ~-s.· 
' ='C 
~·~ 

.~=, 
~:( 

~:~~f 
• :'-.!" 

·~ 

Blue sandy fo 
clayey SILT TILL ) ' 

/<%7-.%

1 

hard · 
lb7{:, 

1061-78 

Liqhf 9rey 
clayey 5/LT TILL, 
low to medium 
pla5f/cify, hard 

22-86 End of Borehole 

VERTICAL SCALE 

/ : !CO 

~~ 

w 
..J 

~ 
~ 
I-
Cl 
> w 
..J 
w 

.... 

DYNAMIC PENETRATION RESISTANCE 
BLOWS/ FT. __________ 

l l . 
SHEAR STRENGTH C11 , LB. /SQ. FT 

TEMPERATURE , oc 
6 

-o-5 0 -t0-5 +/·O 

WATER CONTENT, PERCENT 
Wp w WL 
t 0 I 

10 20 30 40 

I!) 
..J z 
Cl -z l­o (/) 
-W 
I- l-
o . 
0 ID 
Cl <I 

..J 

lcb1 6 

PIEZOMETER 
OR 

STANDPIPE 

INSTALLATION 

Ground 

1
surfoce t, Ii--. 

0 
~~ s;t 

ub;; ~ z 74-f M ~c W L . ~ v 
12' V5epf ~, -

6 
0 I 

I 
I 
I b 6 

0 

c 

C"'"oE'Po~· -;-e l ,rnpt -f"o~ted 
-ti-a s, m p le 2, 3, and -!Or 
S ir ~9 rn ~e.s ·n9 . ~ '= 33 ° 

0 

ir¢-1 Percent a xia I strain at failure 
10 

Golder Associates BH. 79- 24 

I 
I 
\') 
\Cf.sept. ~7 /79 
I 

6 

I 
I 
6 
I 
I 
I 
I 
\ 
I 
l 
I 
I 
\ 

6 

Therm1sfo r · 

~
. , 91 #=I I 
-24! 
· 4-G 
·J7 

c;, . 1:. 
5 - 5~ 

If.A . .?}' 
# 2_ I 1 c- 2 1 

_, 

~-~t 113 
1-.11-.1 

19mm d1'a. L 
PVC. pipe - -

:ff4- I 1 

.J. 
11. 

.') 

Pelto n de JI:· 
sea I -z "?'"1 I 

1 

:#5 I 1 

'PondpacA r· c ?t:' 

p1e3omefer 1;%~:ia11 

DRAWN f?f:: 
CHE CKE-~ - ·:nc; ··· ---. 

-- ----------



/9¢6.49 N 427. 73 E. 
LOCATION (See Figure .3 ) 

RECORD OF BOREHOLE 79-27 

BORING DATE Nov. 30, 1979 

BOREHOLE TYPE Cased Rotary with Air 
SAMPLER HAMMER WEIGHT 6 35 l<g- OROP 76 . 2 cm. 

DATUM Projecf 

BOREHOLE DIAMETER 149 mm 

PEN . TEST HAMMER WEIGHT DROP 

I
ELEVN. 

DEPTH 

SOIL PROF ILE 

DESCRIPTION 

SAMPLES 

~ ~ 
_J a:: IL. 
a..UJUJ'-
1- al a.. {/) 
q:~>-:J 
a:: :::> I- 0 
I- z ..J 
Vl CD 

UJ 
_J 

~ 
~ 
I-

~ 
UJ 
_J 

UJ 

DYNAMIC PENETRATION RESISTANCE 
BLOWS/ FT. _________ _ 

SHE,,{R STRENGTH Cu, LB. /SQ. FT 

COEFFICIENT OF PERMEABILITY k, 
CM./ SEC. 

WATER CONTENT, PERCENT 
Wp W WL 
~ 0 I 

I!> 
_J z 
<l -z l­o (/) 
- UJ 
I- I-
0 . 
O CD 
<l <l 

..J 

PIEZOMETER 
OR 

STANDPIPE 

INSTALLAT ION 

/066 .71 round surface ,..,• 
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Brown 9/fy fine 
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_,. 

@:1 .. 
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" 

,~· j; l·it:E=· " 
-i'i 

ll;t 

d~ 

~· · 
' Jtlli 
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l 
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1 
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I 
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'· 
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61 //5i:=-c · 

. ,h P. ~hro.x. I .3 9·.j°· rn ~ l ) 
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Golder Associates 8H 7 9 - 2 7 

v 1.-..f 
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Pl/C pipe 
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CHECKED- _J)G . --------
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G. 8 . 102 

RECORD OF BOREHOLE 79-28 
c:?t:?Sb._:!2 N 490. 48 E. 
LOCATION (See F1<Jure 3 ) BORING DATE Dec. I ' 1q79 

BOREHOLE TYPE Co5ec/ Rorary c.udh Air 

SAMPLER HAMMER WEIGHT 63.5 k'? DROP 7b -2 cn7 

DATUM Pro/ec.:f' 

BOREHOLE DIAMETER 149 ff1 rn. 

PEN. TEST HAMMER WEIGHT 

r~l 1L 

PROJECT No . • !J.2_ _2:_'?~_'? __ 

DROP 

SOIL PROFILE SAMPLES I w DYNAMIC PENETRATION RESISTANCE COEFFICIENT OF PERMEABILITY k, _J I.!> 

I-
0 
...J a: 
Cl. w w 

m Cl. ELEVN. 
I- >-<t 2 
a:: ::::> I-

DESCRIPTION 
DEPTH 

I- z 
(/) 

J;o65171 Ci>-ola1d Surface 
~ ) : 8Yown SAIVD'i/--
0·"30 ! CjRA.VEL tvi-f'f? _ 

1 some or9on1c.s 
10/,3.{,-S : .&owl? :5Ql?dy y,€;\V£L I ws 
/-52. i \ -n 

Brown silty 
5AND Q q,RA//£L 
.cover or qrey 
sqndy .stir at 
e/evqt/or; 1056 o 

I /l?efe;-5 

i 
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._:·{i -. 
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~-.; ¢' 

.. : o-.: 

":';- ~' " •,'· : .1--£._ 
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.'<;i/ ; 
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,· .~~ 
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2t ... 
· er 
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c:;reen1sl; 9rey 1 ~1 
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" 
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, ~1,, 

I 
I 
I 

IOZS 54 1 
M·'-3 : Erl</ of Borehole. 

VERTICAL SCALE 
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BLOWS/ FT. __ --- _____ CM. / SEC. 

SHEAR STRENGTH C11 , LB. /SQ. FT. WATER CONTENT, PERCENT 

PL/rt;p1n5 
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R,.+'pr-ox 
I 

Wp w 
I 0 

/Oo-r so 91. P· /7? 

( 6 1/4ec) 

, ~0cr1 ~ ~ 1/77 

P407p1/i9 4,fpro1. S 91·? 177. 

t7'03 1/ s .tc) 

0 

1r-<rs Percent axial strain at failure 
10 

Golder Associates B.H 7J'-Z.8 

WL 
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_J z 
PIEZOMETER < -z I-

0 CJ) OR 
- UJ 
I- I- STANDPIPE 
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_J 

t 
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G.B. 102 

PROJECT No. X~~-: ~-C: ?_~ _ 

RECORD OF BOREHOLE 79-29 
ccPS0.5b /V. 559- 17 E. 

LOCATION (See F1oure 3 ) BORING DATE Dec. 2, /979 

BOREHOLE TYPE Cased Ro-t-qry wi+h Air 

SAMPLER HAMMER WEIGHT b3 5 K9 DROP lb 2 cm 

DATUM Proje...cf 

BOREHOLE DIAMETER 149 m .m . 

PEN. TEST HAMMER WEIGHT 

SOIL PROFILE SAMPLES I LLJ DYNAMIC PENETRATION RESISTANCE TE /1.r1PERA:TL./R£ oc 
...J 
c( 

DROP 

I.!> BLOWS I FT. __________ 6 ...J z 
I- ~ c( - PIEZOMETER 

I- z I-0 -/o -0.5 0 0.5 
.....J a: LL 

~ 
0 Ill OR 

a.. LIJ ' - LL.I 
LL.I I- I- STANDPIPE CD a.. Ill I- WATER CONTENT, PERCENT I-

ELEVN. 
DESCRIPTION SHEAR STRENGTH Cu, LB. /SQ. FT >- ~ c( ~ c( 0 INSTALLATION a: :::> I- 0 > Wp w WL 0 ai DEPTH 

yr-a ve / pad 
1084 '15 .surface 
o.oo 

I-
(/) 

z ..J LLJ 
CD ...J 

LL.I • 0 I c( c( 

...J 

5ANo£/yRA.vEL Cu7t1n9s 

Bockfd! 
, FILL 

6_ - ti/ 
1081 90 - - ...... 9, / ao I 
.3 os 13rown medium ,. ......_ 
1oa1. ~o /o coarse SAND ._ -. 
3 .65 rroce 9r-qvel - -6 

l r \ ~mm. 
Brown 5ANP .,. :- .-. \ d/atrJefet 

I 4 <:?RAVEL /~;· \ PU pip~ 
I ·%~;~ " ' 
I " .:·~.:. I i \ . 

l:o . ' f\ 
,J, ~; - · . . · ·: T I ~3 i 
7 32- I ~ .-· ., .. 1 · 

I c:;r-ey silty 5/rN[) ~·:··. ·' l 1 Pe.'fon. tfe. 
onQ CjRAVEL TILL. ··.:- I seal 

I . " I I -. .z::;: · 5onc po . 
.. :·.' " \ filter __ 

I . ~ 

(073 % 

1/.59 

1067. St 
/7.07 

• ~-·· ... 1 

··~ .O .. ;··-}-;;-
:,:;;'~· " 

· ::\:~ : . 
4reenish grey re~ t :f::=1 " 
sch15f BEf?ROCk l' ~~ 

End of .Borehole 

< :~ "1:2£:1 " 
1, , 

I\ - \ 
, ' ,, 

/ ,, .... "t-.1/1 • 
·- ~ -

I 

', - t-;-;;-
, ,,,. ~· .# 

\-/ 

VERTICAL SCALE 
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LJr > dL.1r rn9 
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tr<rs Percent axial strain at failure 
10 

Golder Associates B . H 79-29 

c. 

~ 
I 
I 

I 
I 

I 
I 
I 
I 
I 
I 
I 
I 
I 
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W.1- - - . 
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sea l 

.5qndpac Ir 
10/fer .... 

#5 ~ :.ir: 
5/otred ·.· 
2s m.m _f··. 

//(' . . 
P. Pt~ , . ..... . 

Bore hole dry 
dt11·/n9 dri/lltUJ 
DeC2, 1'779 

DRAWN ___ /?_!;-'! __ , ••. . 
CHECKED -:DG - --- ---- ----



G. B . 102 

PROJECT No 792 2025 . ------------· 

RECORD OF BOREHOLE 79-30 
2138 . 07 /\I -521 03 E 
LOCATION (See Figure 3 ) BORING DATE Dec. 2 t/ 3, /977' DATUM Project 

BOREHOLE TYPE Co:sed Ro'fa>-y w11"h Air BOREHOLE DIAMETER 149 mm 

SAMPLER HAMMER WEIGHT b3 5 Kg DROP 7(;, . 2. Cn? PEN . TEST HAMMER WEIGHT DROP 

SAMPLES I w DYNAMIC PENETRATION RESISTANCE COEFFICIENT OF PERMEABILITY k, ...J \!) 
SOIL PROFILE 

ELEVN 

DEPTH 
DESCRIPTION 

~ 
0 
_j 

Cl. 

~ 
<( 

a: 
~ 
(/) 

a: 
w 
al 
~ 
:::> 
z 

~ 
BLOWS I FT. __________ 

f-
LL. 

~ w ' Cl. (/) f- SHEAR STRENGTH Cu, LB. /SQ. FT. >- ~ ct 
~ 0 > 

...J w 
al ...J 

w 

CM . / SEC. ...J z 
PIEZOMETER ct -z f-

0 (/) OR - w 
WATER CONTENT, PERCENT 

f- f- STANDPIPE 
Cl INSTALLATION Wp w WL c ai 

t 0 I ct ct 
...J 

CJeoi-ed cy-ound 1 
!Ob0.731 Surface ' Fj 
o.oo Broum ~;1 ;;-/ !{p_l I I I I I I I I I I I I I I I I 

SA. ND .some j1;1J 
grm1e1 rJtre:=' ws 

· :~l 
ff ·. 

~J;rJ !2=1 .. 
"1 I",. ,. I ~ti~ < 4.57 ":-'. 
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:?/ C?RA-1/EL OCC. 
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l,._7., : ? I' • 
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! CjRA.!JEL TILL 
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I 

.. ... 

:~ (t±=• " 
~~.c; 
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.. . ~.: : ·~ .. , :;:.9. · .. . .. : 

~\: · .. ·.~ . ·· -1--L-

~;>) 
'·;=:· 

'"dtt• ,, 
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., 

19 5 1 - , - \/ . 

c:;1-eer;1 sh cp-ey < 1'. 

5chist f3EDRDCK ~~-P:· ~ 
'1 I 

~ / \ 
- I _, 

; ­
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,..... I 
1031o :,4- I L, ;-~, " 

24391 Enc;/ o/ Bo;.e/;de 

VERTICAL SCALE 

I: 125 

I I l I I I 

PL.t;-bp//?91 R PP-to,K'. /f o 9·Pf77· 
( 5' I /. / .sdc) 

0 

Pvmp1n9 R~ro..x-
10. 3 

ir-¢-s Percent axial strain at failure 
10 

5'.;?~ 07 · 
/. /sb--c) 

I I 

I I 

Golder Associates B H 19- 30 

l I I 

19 rn.m. 
d1omekr 
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W.L . 

WL 
r;;ec. C,117'?-=-
I Dur-1('9 
dn'lli~ E/~<). 
1051. f1 m . 

Pdfontfe 
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,5andpoc.t' 1 • 
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slotred 
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I 

DRAWN f.?.t.LI. ----------·---· 
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G. B. 102 

PROJECT No. _J_<f!.?_-_<?_<,?_2.;:;'>_ 

RECORD OF BOREHOLE 79-31 
1796.72 N. -339./9£. 

LOCATION (See Figure 3 ) BORING DATE Dec 3 . 14, /979 

BOREHOLE TYPE C<lseq' f?oT'CJry wi+h /"ltf­

SAMPLER HAMMER WEIGHT 63 5 Kq DROP 76 2 c m 

DATUM Projecr 

BOREHOLE DIAMETER /49 n1 m 

PEN. TEST HAMMER WEIGHT DROP 

SOIL PROFILE SAMPLES 

ELEVN. 

DEPTH 
DESCRIPT ION 

Cleared ~rOLH?d 
I053.fo2. 5urface 
o.oo Brown s1/ ty SA.ND 
;on.71 tr-ace Clay 
0.9/ 

..... 
0 
-' 
CL 

~ 
<i 
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~ >-
:::> ~ 
z 

Brown 5/tND ws 
$ yRlilJEL 

/0SO.EJ8 
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<!f qRAV~L fn/Ce 
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// 
~--'---! 

/ 04-1:,.91 
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/045.08 

8.54 

1042.iA 

!0.98 
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1555 

~rey1.sl7 blavr 
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S/LT 

b::•" 

t4-, " 1·-

Grey clayey 51LT ~ 
TM c e Of'"90 t7 lc.s 

.5 • 
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Bt'own SAND 

¢ GRAVEL 

8>-c>1_,.;n/sh - red 

.s1 rty .S/tND 

occ. 9ral/e/ 

~· 

I .Brown1sh-l"ec/ 
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i C?RAf/£l. 

.~/p=,,. 

,~:EI:' \ 
1:·!>:>._ 7 I " 
t.·· 

! t . • 

·Ll= 
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· ~· "' 

~·:.<:>:~ 
... 

~~~\t==." 
. .... :-~ 
:· .. 

:·.\::·.\tli:· 'I 

:·::.\>:: 
·.··· 
<: 

D,~bj , 
;·.·.-:·; 

~ :::'.::~, .. 
: : .. ~: :~.: :; 

!(#bL, .. 
. /:~ 
li::::::t::z~=· " 
::q : 

k:~:I ~ir· · 
C,,..ey .SAN c> <!'{' 

~RAVEL .some 
::;i!f occ. :Si/ f 

q :sand /ayers 

/0/S.51 I 
38 II I 
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' I BEPROCI< 1~ a 
j 11// ltke me7TNX 

?\ J1. ,, 
:;-.:·c 

::.~~f---19 . •i 
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!::::· ~· 

~/~6G=· " 
o' 

::.·:··;:t~· " 
·:':"ii '. 

~·;:~;t~· ,, 
... 
.. ()'. .. 

. :~:~t~~· ;, 
. :.a . 
.. ·.· 

1iil,.' . 
::·:: 

~
.:~ .. ) -=£• .. ...... ""..: 

;k .. 
-~ 
:~> .. ~ 

:_v.._· 27 ,, . 

I :;;._:;,: I 
~'~[J; 

I 
,.-;· 
.'.\.: . 1~;·;; 1 ~ .. .. I 

_J /rz;-, ,, 
r1 ,' t....=.!-

I 

/ 

/OO<;;EJ4. 

4g.7e 

~ 1-eern sh 9 ;-ey 

sc.hisf 8£0ROCk 

End of Bore/lo/~ 

VERTICAL SCALE 
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DYNAMIC PENETRATION RESISTANCE 
BLOWS I FT. _________ _ 

COEFFICIENT OF PERMEABILITY k, 
CM. I SEC. 

. . I . . 
SHEAR STRENGTH Cu, LB. /SQ. FT . WATER CONTENT, PERCENT 

Wp W WL 
• 0 I 

/0 20 Jo 40 

Aid-? r/.ihc ~- s .S - I Z 
. 69 

~r9on1~ (Dali TO.B' c- /4 
,,,... 

./\/to P1ab-f1c 

P.ulrnp;f9 lf17,,o rdx . 

r'.ulmp1/?~ P,4.oro,x 

..2J:> - so I 9· ~ /7? 

( 1-3 · / / -fee ) . 

St?l 9 .Pr· 
( 3 / / s}?c ) 

/0/77p{n9 {1,,op, r.x . (3 r l/s<"',l-.) r-1-? Sf,.. 9r·/77 

- t</o1er so.tnple I rc,.tc-,P ~ ,1'7. ,;;> ,rr,, . 

P.Jr/77 p1~9 hf°Prof. .5ol ~· ,.0.1'7 · 
3o Xsec) 

-wold-- L:Sample .t'o...rc:-olo.1- .-:>4 "'7'/77. 

.PL.Yl'77p1r?_.f Rp,fro_x J /oo 5l P .r??. 

(b /{sec) 

- ?Votr'er- -101??p/t TqA-tn or l....?o ""t 

- Wc:711::-'r sompl("' lrotfeal QT 316 . b /7? 

P..dt/7?p1/i19 OJ?pro.x. I /So -1200 51'?·/77· 
~-/4 //sJec) 

6- /0 
.s- ,?~ 

jM- 5'b 
(- / 0 

11'-<:rs Percent axiol strain ot failure 
10 

Golder Associates BH. 79- 3 / 
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PIEZOMETER 

OR 
STANDPIPE 
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~· 
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ES mm 
PVcp1pe~ 

DRAWN ___ :~-~~ -----
CHEC'l<ED J>G . ------------

"'· 

·:.... •! 

,• 

j 



, _ 

G. 8. 102 

RECORD OF BOREHOLE 79-32 
/578. 76 /\,,/ ?.35. 4Z E 

LOCATION (See Figure 3 ) ' BORING DATE Dec . 4 , 1979 

BOREHOLE TYPE Cq:sect Rofqry 1AJifh Ao-

SAMPLER HAMMER WEIGHT 6 3 5 K9 DROP 76 2 Cr>? · 

DATUM P~ojec .. :t 

BOREHOLE DIAMETER 149 ,,.,.,,,., 

PEN. TEST HAMMER WEIGHT 

PROJECT No. __ 7_'7!_-?_ ~'?-<€.?_ 

OROP 

SOIL PROFILE SAMPLES I w DYNAMIC PENETRATION RESISTANCE COEFFICIENT OF PERMEABILITY k, ....J C> 

ELEVN 

DEPTH 
DESCRIPTION 

c:: / eqr-ed L;1roL..1nd 
l1oe5.37 I 5urfQCe 
o.oo 

Brown SA-N 9 ;ff' 
C?ravel TILL 

/082 1.5 ' , 

2.74 

/077. qq 

773 

Cireemsh q1-ey 
sc..l'l1'5>f BEPROC-1\ 
acc. s1 / ty h yer 

£nd of borehole 

VERTICAL SCALE 
I ·125 

I-
0 
_J a: a.. LU w a.. 
I- Ill 
<( ~ >-
a: :::::> I-
I- z 
(/) 

RY·.J 
:·~~-:~ 

~
~~~­
~p:jcs 
~ ~~· 

r-. •- I 
I ' .. , 
~-' ttl ws. 
I,, 

. /I 
I,-

\ '.... 

-, 
I--.,. / t:d::• H 

' -, ' 
' -

_:_~t::t:1 ,, 

i-: ~ 
~ 

~ ..... 
(/) I-
~ ~ 0 
....J w 
Ill ....J 

w 

..._ 

BLOWS/FT.---------_ 

SHEAR STRENGTH Cu, LB. /SQ. FT 

0 

te-(>-s Percent axial strain at failure 
10 

CM. I SEC. 

WATER CONTENT, PERCENT 
Wp w WL 
• 0 I 

Golder Associates B. H. 19 - 3 2 

....J z 
PIEZOMETER <( -z I-

0 (/) OR 
-W 
I- I- STANDPIPE 
0 
0 ai INSTALLATION 
<( <( 

....J 

Dry 

CRAWN----~-~~-----· 
CHECKED_~------_ 



' · 

G.8 . 102 

PROJECT No . •• !Ji! __ z_o_,;;_~- _ 

RECORD OF BOREHOLE 
/ 747. 61 N .30165 E 

79-33 
LOCATION (See F1c;iure 3 l BORING DATE Dec. 5 , ~ 9 7'9 DATUM Pro) ec..r 

BOREHOLE DIAMETER /49 rn.m . 

PEN. TEST HAMMER WEIGHT 

BOREHOLE TYPE Cased RohJry wdlt Air 

SAMPLER HAMMER WEIGHT 63 5 Kg DROP 7b. 2. c-n? DROP 

SOIL PROFILE SAMPLES 

ELEVN. 

DEPTH 
DESCRIPTION 

11054. o l!C/eq rec/ (jrow?d .5« r{aee 

I-
0 
...J 
Cl. 

I-
<( 
a:: 
I-
Vl 

o-oo j Fro3 er'! .:sandy 5 / LJ i· o ··. 
0·"3 0 \ /roce Cla y :· ::· 

. :.o::". 

a:: 
I.LI I.LI 
m 0... 
~ >-
::> I-
z 

Brow o S /tNP 
a n d ~RA UEL 

: ~/ t::z:::=1 t.) s 
·: · .. :. 

/ 05J 3' 
;?.74 

; ... ~.:.~ :·· 

~l •Jj,t!=:/ II 

<::;rey f ine :sondy 

SJLT trace day 111· t~ 
acc. g ra f./eJ -frace l >H~1 

" 

~-
() 
o~ 
l1) .... 
(/) 

:J 
0 
.J 
a:i 

or9q nics I r; upp~r 

portion 
·•- ~ · 1--::;-1 51,. M I Ph 

1..-±....J %).0. 

;041. z. 7 

12· 80 

/03'-."'/I 

Cfrey sil t y 

I 5AN l/ 0 !7d 

i C?RIWEL 

··' I 

t:;tj ws 

,.;p .. 

: t:fl~', 

r~ · •. 

,;J.11rr, ,, 
I 

:I t~-'ft0' 1 11-
"'.1. 

.- ·:: 

%~. · ..... ;;tz::j ws. 

~&t~ .. 
···-· 

I]. h8 ·::··.·. 
!3r-own S AND ;;'(': 

:-:•:.:•. /Z,. t H' 

and 0-R,fl/EL .. )<· 

I ~~k: 
/03'. 'IS I --- '.::!:;. ,, I • 

20.12 - ... 

1029 .07 

C,reemsh qrey 
scr,/sf S££JROCk 

2s.oo , Enc/ of Bore hole 

VERTICAL SCALE 

/;125 

1' 
, ' 
1 1~,, 
I '}.....::'..... -, 

I ' 
/ / 

l\~ 
./~1·1 
, 1 , 

/ 

' / . ... , 
I , ,,.,':.., 
.:.,~ 

I.LI 
.J 

~ 
~ 
I-

~ 
ILi 
.J 
I.LI 

'-

DYNAMIC PENETRATION RESISTANCE COEFFICIENT OF PERMEABILITY k, 
\!) BLOWS I FT. __________ CM. /SEC. .J z 

PIEZOMETER <-z I-
0 (/) OR 
- I.LI 

SHEAR STRENGTH Cu, LB. /SQ. FT WATER CONTENT, PERCENT 
I- I- STANDPIPE 
0 

Wp 
I 

/0 

Paarp1t?9 IR,.oprp,x. s r - ,,.0019,,0./77 
f .3-6 ~5~c) 

w WL 0 ai 
0 I < < 

.J 
20 30 40 

0 1 I I I:: : 
171. "'12 

C· 8 

Crt;?/c tqnTenT I/. 2 % 

c 

'rnon;Jcl'O,,,re1 r /./ % 1.s· / 8 

O I m· 71 
a J. , 

0 

INSTALLATION 

NOT£; 
5f,_/11,/oipe. 

i.-?l (on,"e,J ..,,. /.04.5 ~pie3omeler, fbvr , / . "' - / 3 
) /'7 PA .she m n ~e3ommr 0t1d 

c 10 
-fhenmst er .se/-

10 ... , 

c 
Ju'aTer lson?,P"J To!fe17 

were des+royeq 

duri/IJ //Jsfollohb;t 

/A:?C. s, /~ 79 

!dale;- level i /J 
j.1>or .eaol<f en c.oua -
ter-ed of- obouf 
el evat"!on / o.s1.02 

mders d unrzg 

d rt i///7j lJ.ec s, 1?71 
P.c.;m;f>i/79 f'p,or-qx-. .so t 100 9 .r 177 

.3 -~ .j/si:""c) 

P~r,j?p,,hy=1 RoT.1 /nc-"te"'Q'5N.j.J ,Frcv.., 

J o 7'-o so ;tl· ,.O·-'"· 

(/-31 /?~l==) 

ir.¢.s Pere ent oxia I strain o t fo i lure 
10 

tth fe,j.- 5<7n?,.P/(."' r..:J.lr-e/7 d? c>s.o /77. 

DRAWN f2w. Golder Associates B .H. 79-.33 ---------------
CHECKED __ J)~- -----

.., ... ~::.;; 



G. B . 102 

PROJECT No. __ ?_9_-'!_~q?_~-

RECORD OF BOREHOLE 79-34 
2177 44 N -2300 £ 
LOCATION (See Figure 3 ) BORING DATE Dec.. . 6 197? DATUM Pro/ ec:r 

BOREHOLE TYPE Cq5~d Ro"fory c,u1-fh At"...- BOREHOLE DIAMETER 149 m,.., 
PEN. TEST HAMMER WEIGHT SAMPLER HAMMER WEIGHT 

SOIL PROFILE SAMPLES 

ELEVN 

DEPTH 
DESCRIPTION 

..... 
0 
_J 

Cl. 

..... 
<( 

a: 
..... 
Vl 

a: 
UJ 
ID 
2 
=> z 

w 
Cl. 
>-
1-

/.::><??-o l Gr-ound Surface. 
0

-oo j ~rown s il ty ..5/WD ~I 
lo"?fl.oV'°rnP cloy, occ 9r4vel ·; 
0 -C// I •;' 

Reddish Pr-own f.:: -. t::z:j w.,. 

/03g_3 
JO lo] 

SAN/) !f" GR/t!JcL a .. 

:: <t--z-1 " ·· -~ 

~~'-k ... _ . .. 

:if:_\tt1,, 
~:< 

.~t~1 ~ I 
/1 

~ :S: • I Brown s1/ty 5AN/7~ 
occ. 9rave.I · . 

Cj>-e.y silty f ine 
ro med/um .5/l'NP 
"fr4ce 0171an /cs 

Drown silty 
-f 1 ne -to coor::. p 
SA-NO 

' '-l'[i~lll 
. /~ 

_....z_• " 
.:rf 

/-t> 36-S• g 1. 
12.50 

/'73/.9 
17 0 7 

Cfrey c la y ey 51 LT 
:sorne 5 ond 

Brown 51/ty 
I 

I-

~ I'' 
+-

\ \:, 
. Q • :t-;-;;--
:- : ·.: :~J ff 
··· ·.:; 

l/b2~~ f~~· . 
2.0 43 ; " .. 

:;~:-· {.: 

5A-IL!D d. 4RAVE.l 
l 

/Cl.Z,Z./7 
z.~.IS'~ 

Brown .SA-NP $ 
c:;;-ieAt/£L 

VERTICAL SCALE 

/.· 125 

iii:":·: ....... 

~· 
, .. . . J-;;-
··. · ·~·" ' Q-.. 
;/:·~~ 
•' .. , 

!: .. ~::.· 

~:-: _·.' : ....... :u," ... ~ .·.·.·· 

~ 
~ 

' (/'J 

~ 
0 
...J 
ID 

DROP 

w 
...J 

~ 
~ 
..... 
~ 
w 
...J 
w 

..._ 

DROP 

DYNAMIC PENETRATION RESISTANCE 

BLOWS/FT. ----------

COEFFICIENT OF PERMEABILITY k, 
CM. I SEC. 

C) 

...J z 
~~ 
0 (/'J 

1 _ __ -1.... ____ ....._ __ -'------'----'-----+----'-----....._---"-----~--""1- w I- ..... I-
SHEAR STRENGTH Cu, LB. /SQ. FT . WATER CONTENT, PERCENT 

0 

Wp W WL 
I 0 I 

?.607p/~ h7_rppr-a..t . 5 0J 9 ·P ·f'7· 
(3 /y.sec_.... 

Pula?p/if.9 ~,.oror· <:?oj 9 ·P r· f11 //.5ef:.J 
so 5:'·P-i· {'3 /./s<°"~) 

W ol f-er -$0"71?/f- TQlf"~a o 1 c:?/. ~/?'? (7{ - /ooj 9:r'·.+-) 
(5-'7 l //se~) 

Pu}np//by ht-opra>x . /oo- ,1so V-P..m 
6- 5' I //scic) 

1r~1 Percent axial strain at failure 
10 

0 
0 a> 
<< 

...J 

PIEZOMETER 

OR 
STANDPIPE 

INSTALLATION 

COS//79 
RC°/7?Q/i-'?J 

/r; 

.Borehole 

Golder Associates B H 79 - 34 
DRAWN Rw · -- - .. _ .. - --.. --- --. 
CHECK ED_ J2 G:, __ ____ _ 



0 
z 

-u 
Cl> 

0 .... 
Cl 

RECORD OF BOREHOLE B.H. BD-35 

.... 
0 
_J 

II. . 
>-

ELEV. ::c 
DESCRIPTION II. 

DEPTH ct 
Q: 

ifneh e5. 
C> 

.... 
< 
Q: 

.... .,, 

.,.._o_._o_--nBrown, orgoa /c S / L 0 ...5ome · : 
0. 5 \ .boulde rs r 

1053.38 

2-7 

.L)ythf ..LJwo . ..5/L.T, occ. o~o/c 
/oyers, C7,,,0p~cv-.s -Tt-03en 
JCobb/e 

t::;reen/ 517 b/-own, -.5RN o 
Q.rJd GR,c;l/EL TILL,. ...501??e 

..5/!t, ,r;onplost/c, 

occasional sond 
_poc;tets . 

r.o cfrey, fine, 9ro1R?/ly 
104 7.98 .SILT TILL 

8./ End or Borehole 

Nore: 
Ct..1 r///? _y s ..beco/7'7e 

werardeprh CJ'Tabou/ 
/. 5/77. .h'D/e hod '/D be 
/er/77/nored due io 
?Joler in /'/ow t-Vh/cl? 

be90/7 or o.boL/T 7b/77 

depT/?. 

Q: 

w 
m 
::E 
::> 
z 

w 
_J 

II. 
~ 
ct .,, 

w .... 
D.. 0 
>- 0 .... IL 

.... 
w 
_J 

.,, 
D.. 3:: 
::E 0 
ct _J .,, m 

w 
_J 

"' u .,, 
z 
0 
i'.= 
§ 
w 
_J 

w 

ebL • I 
4 =.57 
.5eZ5 
Nt:/4-
C= ..3 

' I . I 

WATER CONTENT PERCENT 
Wp W WL 

,,....__- ----<O I I 

/0 2o .30 4-o 

0 

VERTICAL SCALE 
_ /U.25 - -- -- Golder Associates sH. ao-Js 

PIEZOMETER 
OR 

STANDPIPE 

INSTALLATION 

ADDIT IONAL 

LAB. TESTING 

. •, ' · 

. . .. 
.Sona' C?/ld · · • ··.· 

91-Qv e / :" · 
bocA/'1llz_...~:·:: :: 
W.t.. sz. .,: : 

;;~:~g ~ 
..Slotl'ed 
..i?O.mm P//C 

Pioe Z,.- -"Y 

;Vctcer te¥eL £n 
op en hot!e o~c~/"" 
c:iriLb'ng co 
7.C,rn ac dep/-h 

...... /.5rn· 

DRAWN RW. 
CHECKED ~ 



0 z 

-u 
Cl> 

RECORD OF BOREHOLE_ BH. 80-36 __ _ 

177(,. 7 N Z50· q c 
LOCATION (See Figure 3 ) 
BOREHOLE TYPE /?o-J-ory w;fh o/J- /-o ..3 /Tl . 

Roror-y /AJ/Th n7L/d 
SAMPLER HAMMER WEIGHT 140 LB. DROP 30 IN. 

SOIL PROFILE 

..... 
0 
..J er 
IL l&J .... co w 

l&J 
..J 
Cl 
u 
C/) 

BORING DATE Feb. 20, /980 

BOREHOLE DIAMETER /OO.rn/77. 

DATUM Cleared 9round s~r.Toce 

PIEZOMETER 
OR 

STANDPIPE 

I I ' ' INSTALLATION > :i; D. 0 
:I: :> > 0 

DESCRIPTION IL z ..... ... z 
Cl 0 

~ ELEV. 
DEPTH 

tmelre.5) 

c?-0 
10.sz . 1.3 

0.6 

/o5o. o3 

/22. 

er .., 
j:: 
Cl 
er 
..... 
Ill 

:::~~ t~::~::;,) c/ry I~ 

firOW/7 SBNO C?.l'?cl 

6RRt/EL (a//C/V/C/177) 
sof-~rared. 

./be lf"er.s 0 r ,br04.J/'7 

Ji/ry -f/'r7e S.R/VD. 

E/7d or b'oreho/e 

·· ···: 

'~ill~ 

f i 

UJ w 
..J ..J 
D. D. 
2' :i; 
er < 
Cf) C/) 

..... WATER CONTENT PERCENT 
i='. Wp w WL Cf) Cl 

~ > 0 0 w I I 
..J ..J 

UJ 10 co .3o 4o co 

VERTICAL SCALE 
/ : /25 ' Golder Associates. s. H. Bo-..36 

ADDITIONAL 

LAB. TESTING 

,,Vo 
/ashl/or/on 

.Scol"Jd,01pe 1n 
caved hot e 
.snow.:; wac-e,,.­
Lcvd 1·3n? 
b.9 . .s. 
Mar.ch 8 /t!Jo 

DRAWN R.4-/. 

CHECKED ~ 



\/\I 

~· ~· I 
~· "'1 

0 
z 

-u 
.!!. 
0 ... 

Q. 

RECORD OF BOREHOLE 8 H 80-3 7 
171/. 7 N .:Joo. g c 

LOCATION (See Figure 3 ) 

BOREHOLE TYPE RoTcry w1fh O/r 

SAMPLER HAMMER WEIGHT 140 LB. DROP 30 IN. 

SOIL PROFILE 

. 
ELEV. 

DESCRIPTION 
DEPTH 

/mefre~ 

10.5.3.41 C/eored q,ro.uad .su.r.Toce 
o.o 
o . 3 

.P.7 

/045..3/ 

B -1 Er?d o/' ..Boreho/e 

Nore.· 
Encoun t"ered 

f/rsl" worer a/-deprh 
2 7 /77. 

I-
0 
....! 0: 
IL "' al "' I-

0 >- :::E IL 
x => >- 0 
IL z I- IJ,. 
Cl 
0: ' .,, llJ "' ~ ....! ....! Ill 

Cl IL IL 31: 
:::E 0 0: :::E 

I- Cl Cl ....! 
Ill II) .,, al 

"' ....! 
Cl 
u 
Ill 

z 
0 
~ 
~ 
"' ....! 

"' 

BORING DATE reb. 20,/980 

BOREHOLE DIAMETER /OD /77/71. 

DATUM C /eared 9;--ound s.urf'ace 

' ' 

WATER CONTENT PERCENT 
Wp w WL 

I 0 I 

10 t?o .Jo 4o 

Orqc.,,it; () 
concer?C = /.l"/o 

PIEZOMETER 
OR 

STANDPIPE 

INSTALLATION 

ADDITIONAL 

LAB. TESTING 

Benton/Te I 1-
..Se.a/ ~ . · . . 

...Saad oacl .. 
t:jrovel 
Boc.f hi I,;:--; ~ 

rrozen at: 
/.Zrn 
Morch 8/80 

VERTICAL SCALE 
/:125 

DRAWN RIA.). 
CHECKED ':DG Golder Associates B.H. 80-3 7 



. 4 

RECORD OF BOREHOLE B.H 80-.38 

1') ~2/5. 32 N. 4;.17 E . 
~ LOCATION (See Figure 3 ) BORING DATE Feb . 21 1 1980 
~.II ~ . ·~ BOREHOLE TYPE /rbrory Wi/17011- BOREHOLE DIAMETER /20/77/'n 
11 

~ SAMPLER HAMMER WEIGHT 140 LB. DROP 30 IN. DATUM Pond /c~ .surroce 
~ 1--~~~~~~~~~~~~~~~~~--.---..~~----.~~-y--~~~~~~~~~~-----,,--~~~~~~~ 

I 

0 
z 

-I.I 
G> 

0 ... 
Cl. ELEV. 

DEPTH 

(me/res 

/0411. B.5 

o.o 
/t?-47· Q"' 

SOIL PROFILE 

I-
0 

' ..J 
D.. 

>-
::c 

DESCRIPTION D.. 
< r:r 
~ 

i= 
< r:r 
I-
U) 

Pond /Ce ...sL1rroce 

....... 
Or9on1c d(?br/s ond ~ 

or9on1c ..s1Jf (rro3ea) ~ 
/046./5 ~ 

C.T 
.SR/1./.0 o!7d QRRL/EL 

E/?d or ..Borehole 

Nore.-
Wa/-er eacoL.//7/-ered 

/n svbsroor/o/ 
0!770U/lr.5 f ....... /00 /.j7.p.n7) 
o/- 0 de,,orh or /S /T7 

ond -/'/owed L/nder 
OrTes/o/7 _press Ure 
probob/y ave ro 
c--on ~/n e/'7?enl by 
..5L/r roC'e /ce 

On Morch .?/,,/9t!?o 

/A::Jreho/e A/as s/i// 
opea //p·ouph /Ce 
/r?d /ca /°//79 CO/? Tl/?u1/J9 
-J/Oh,.I U,P r/;e Ocv·e/?o/e . 

ILi 
..J 

Ir 
ILi 4l 
m ILi I- u 
:I: D.. 0 Ill 

::'.) >- 0 
z I- LL z 

' I ' 

0 ..... 
i= UJ IA! 

_J _J I/) 

~ D.. D.. ~ 
:E :E 0 ... 
< < _J ..J 

I/) U) m ... 

WATER CONTENT PERCENT 
Wp W WL 

I 0 I 

VERTICAL SCALE 
/."/25 Golder Associates .B/-/8o-3a 

PIEZOMETER 
OR 

STANDPIPE 

INSTALLATION 

ADDITIONAL 

LAB. TESTING 

/Vo 
/n.s /o//0~011_ 

DRAWN ~ 
CHECKED ~ 



0 z 

u 
Cll 
'O' ... 
a. 

RECORD OF BOREHOLE .BH. 80-seR 

.219€}. 99 N. -41· 94 E 
LOCATION (See Figure 3 ) 

BOREHOLE TYPE l?oTory w/rh Ql°r 

SAMPLER H
0

AMMER WEIGHT 140 LB. DROP 30 IN. 

ELEV. 
DEPTH 

(melrt"5,, 

/04£3. 9 
o.o 

/044. ,2 

-'?· 7 

10¢3.9 

SD 

I-
0 
...J 
D.. 

> 
:r 

DESCRIPTION D.. 
ct 
II: 
C> 

~ 
<[ 
II: 
I-
I/) 

/Cc, f5c-o5ono/) 
' , ~ 
//-03e/? or9on/c ..5//7' '( - -

\ Q'ebn$, s.m,_l/o/cca1c o..0. 

Pr-0006/y ..s;/r oad r/.i?e 
, SOl?d, L.l/?Tl"O.:f e/'J ,- ;; :::c; 
8/ocA- -5.R/V.0 0/70 qRPVEL ·::~'."( 

°' lLJ 
m II.I I-
:! D.. 0 
::> > 0 
z I- IL 

' II.I II.I 
...J ...J I/) 

D.. D.. 31: 

" :I! 0 
<[ ct ...J 
I/) Cl'l m 

o//uv/v/77/ -7race o/' ~~~/ 
or-90/?ics ·f:}- 7s,,rn 

,..,:-; .. I Pt?. 23 

£1'7d of' Bore /?o/e 

Nof-e: 

,/U4rer enroL./1'7/-ered 

Ii? .S LI P.5 t-on ·ho/ 
0/770L..//7-l-5 f""' /00 /.'9.,.0./7?) 

OT Q dep:l-h err /.5/7? 

C?/'Jd -;P/ot-Ved L/oder 

or?'e.5/on pressvre 
probably due ro 
coa-f/ne/??e/? r- by 
sur~oce. /Ce. 

O.n Morch 2/, /98D 

ice -SL/rToce tVoS 

c /osed over- .bore.hole 

l&I 
...J 
ct 
u 
Ill 

z: 
0 
j:: 

~ 
II.I 
...J 
II.I 

BORING DATE /'°e.b. 2/. /980 

BOREHOLE DIAMETER /20 rn/77 

DATUM Pond /ce ...Surroce 

PIEZOMETER 
OR 

STANDPIPE 

1----'-----'---'-----L'----1 JN ST A LL AT I 0 N 

WATER CONTENT PERCENT ADDITIONAL 
Wp W WL LAB. TESTING 

I 0 I 

NO 
/ 175 7o//of/C:H?.:. 

VERTICAL SCALE 
I /."/25 Golder Associates BH go-3a R 

DRAWN R.tu­
CHECKED ..12E_ 



-u 
Q) 

'O' .... 
a. 

RECORD OF BOREHOLE B .H Bo-39 

2153. 38 N. 21. 98 E 
LOCATION (See Figure 3 ) 
BOREHOLE TYPE ;?oto.ry W1fh o//-

SAMP LER HAMMER WEIGHT 140 LB. DROP 30 IN. 

ELEV. 
DEPTH 

1rme1re.s. 

DESCRIPTION 

.11.!ol'e: 

hht"er was 

encou/? Tered or 
depf-/? o.boL/ /- 6/77. 

I-
0 
..J 
0.. 

>-
:i:: 
0.. 
ct 
II: 
(!) 

I-
ct 
II: 
I-
Ill 

II: 
l&I 
m l&I I-

::E 0.. 0 
::> >- 0 
z I- IL 

' UJ l&I 
..J ..J Ill 
0.. 0.. ~ 
::E ::E 0 
< ct ..J 
Ill VI Ill 

l&I 
..J 
Cl 
u 
Ill 

z 
0 
~ 
< > 
l&I 
..J 
l&I 

BORING DATE Feb. 21, 1980 

BOREHOLE DIAMETER /20 /J?./l?. 

DATUM C/eored 9'/'"0L//7d ..sur-race 

' ' ' 

WATER CONTENT PERCENT 
Wp w WL 

I 0 I 

PIEZOMETER 
OR 

STANDPIPE 

INSTALLATION 

ADDITIONAL 

LAB. TESTING 

.?omm .P//C · · 
p /pe z--1--r : 

.Lbckf/11 
JA.1/-/h ..soad 

I- 9h7f/e/ 2--~· · 

Or>e.n hole 
waler /eve/ 
arde?rh 
/. 5 /77 . 

rro3 ea af dep) 
/ . .2 /77. 

/Ylqr-ch .9, / 980 

VERTICAL SCALE 

~-- .. / :.' /..?_5' 
Golder Associates_B-.H. 80 -3 9 _ 

DRAWN ~· 
CHECKED -;x,G 



ci 
z 
.... 
u 
QI 

0 .... 
c.. 

RECORD OF BOREHOLE ~H.B0-40 
i?./13. 5;../ 7-5e 
LOCATION (See Figure 3 ) 

BOREHOLE TYPE Ro/-ory w1rh O/;.-

SAMPLER HAMMER WEIGHT 140 LB. DROP 30 IN. 

ELEV. 
DEPTH 

(mdres) 

/04C...7/ 

SOIL PROFILE 

DESCRIPTION 

#ore.· 
t:vo.Ter ~<7.S 

G'l?("o~/?Tered or 
d~pr/l oro..Oou.T ...3/7?. 

"" 0 
_J 

D.. 

>-
:i:: 
D.. 
<[ 
11: 
C> 

"" ct 
11: 

"" "' 

Ir 
w 
m LLI ~ 

2i D.. 0 
~ >- 0 
z "" LL 

' w l&J 
_J _J "' D.. D.. ~ 
:E 2i 0 
<[ ct _J 

"' "' m 

w 
_J 

"' u 
II) 

z 
0 

~ 
ct 
> 
w 
_J 

w 

BORING DATE Feb. c?I, 17'80 

BOREHOLE DIAMETER /20nv,., To~~ n? 

/OOH?/>? To s.2 a? 

DATUM C/eared 9rouad .SL/rTC?C'e" 

PIEZOMETER 
OR 

STANDPIPE 

t--~-'--~----'~~-'-~---L'~-----1 INSTALLATION I ' 

WATER 
Wp 

I 

10 

CONTENT PERCENT ADDITIONAL 
w WL LAB. TESTING 
0 

.___ __ _,, 
Zo .30 

I 

4o 

ffOZt"I? a/:" /.517? 
Marci; 9/8o 

VERTICAL SCALE 
/:/25 Golder Associates s.r1ao-40 

DRAWN /??V. 
CHECKED ~ 



0 
z 

-u 
QI 

0 .... 
Q. 

RECORD OF BOREHOLE 8./7. ao-4/ 

LOCATION (See Figure °?> ) 

BOREHOLE TYPE Ro/ory /..AJ}fh oir 

SAMPLER HAMMER WEIGHT 140 LB. DROP 30 IN. 

ELEV. 
DEPTH 

(mt'b~ 

SOIL PROFILE 

. 
DESCRIPTION 

A/ore: 
Wa/er F-ncounTer--ed 
or o.boqT 2 n?­

cteprh. 

~ 
0 
..J 
IL 

>-
:c 
IL 
<[ 
ct: 
l!) 

j:: 
<[ 
ct: 
~ 
Ill 

ct: 
w 
m w ~ 

::E IL 0 
;:, >- 0 
z ~ ... 

..... 
w w 
..J ..J Ill 
IL IL 31: 
::E ::E 0 
<[ "' 

..J 
Ill Ill m 

w 
..J 
Cl 
u 
Ill 

z 
0 
j:: 
§ 
w 
..J 
w 

BORING DATE /e,,b . ..:::?/, /98 

BOREHOLE DIAMETER /..?D/'77/77 

DATUM C/ec7red 9,,..-0L//?o ...5L//-TC7Ce 

' 

WATER 
Wp 

' ' ' 

PIEZOMETER 
OR 

STANDPIPE 

INSTALLATION 

CONTENT PERCENT ADDITIONAL 

I 
W WL LAB. TESTING 

>--------<0 I 
/0 co .30 4-o 

VERTICAL SCALE 
_ ... /.·12s Golder Associates_--8/7· Bo-41 

DRAWN R.Ul. 
CHECKED J2G-



\/) 
l\j I 
~I 
I\! I 

~: 
~I I 

0 z 

-u .. 
0 ... 
n. 

RECORD OF BOREHOLE Bf-/. t!i'0-46 

1807. c;. N Jo..3. g e 
LOCATION (Stt Figure .3 ) 

BOREHOLE TYPE 1fbf"a;-y 0i th ff?Ud 

BORING DATE reb. 22,/980 

BOREHOLE DIAMETER /00/7?/77 

DATUM yroL//7d S ur-:Toce SAMPLER HAMMER WEIGHT 140 LB. 

ELEV. 
DEPTH 

fmefte~ 

o .o 
/o53 . ZI 

o . y 
/ 05Z. t;./ 

/5 

/04-'3.8/ 

1039. ~/ 

SOIL PROFILE 

• 

DESCRIPTION 

8ro.~~//7 .....5RA/.O $' 

y.Rfit/EL 

.Br-owrJ ..S///-y -f)oe 

...SRN 0 / n rer /oyer-ed 

wit-/? r1/?e -t-o 
/7?ed1°L.//77 .So/7d 

End or .8.oreho/e 

Nore.· 
Lo9 bosed 1/7 

port" on dn//ers 
o.bservo //o,r;5 

VERTICAL SCALE 
·/.'/2S 

DROP 30 IN. 

... 
0 
..J a: 
IL l&I 

m l&I ... 
> ::IE IL 0 
::c ::i > 0 
IL z ... "" c 
a: .... 
0 Ill Ill 
j:: ..J ..J II) 

er IL IL :ii: 
a: :IE ::IE 0 ... er c ..J 
II) II) II) m 

l1!~:: 75'f'1?m 

1'.%.~ _{_ /J.0. 88 

~):.'c 

WM 

·: ~ ... 

.. : ~· 
, I ~ 

: ·. . . ,____ 75n. t7? 
:; s /}.(), 49 

l&I 
..J 
c 
u 
Ill ' ' 
z 
0 
j:: 

~ 
Ill 

WATER CONTENT PERCENT 
Wp W WL 

I 0 I 
..J 
Ill 10 4-o 

Golder Associates __ fi./f. 80-46 

PIEZOMETER 
OR 

STANDPIPE 

INSTALLATION 

ADDITIONAL 

LAB. TESTING 

W..t.. . ,,;, . 
(Y?arch ltf8o'52.. :., ·. 

Sond4' 
9.rc7t/el 

- ... 

ooc ,f !'JI Z.,. ~: . 

~/foni;0 ·

1
.-. 
1
. 

..seal~ 

5/odcd 
?omm ,Pt/C 
,P/.,oe ~~ .. 

cove-rn 
17?0f'C!"Na/? .:;<. 

~" 

DRAWN ..&..&.· 
CHECKED ~ 



Conot Sta. ,c..,..370 
1c,oo. c IV ;c,,4. 8 e 

RECORD OF BOREHOLE &o-'97 

~ LOCATION (See Figure 3 ) BORING DATE rc.b e:?3/ /7'80 
"11 
IJ1 BOREHOLE TYPE Rorort/ w/rh O/j- BOREHOLE DIAMETER /OO/l'?rn 
~I / 

~ SAMPLER HAMMER WEIGHT 140 LB. DROP 30 IN. DATUM (/eo.r~d 9roL//"7d .svrhce 
~ J--~~~~~~~~~~~~~~---r--r--ir--,.-~-.-~~~~~~~~~.----~~~~---f 

SOIL PROFILE 
0 
z 

-u 
.!!.. 

• 

DESCRIPTION 
0 
(i. ELEV. 

DEPTH 

/m) 

o.o 
1090.otP 
CJ. £;. 

.bec:ot??/n9 dry 
1084. 5c,. 

6 -/ /:lrowo :ro t/ery I 19.t?/-
1083_3{, f}'rey ms TC/rb~d 
73 

\ L>EO.ROC;t; dry 

1079. 9c;, 

/t:}. 7 

..Scl?/..s /y .8E.t?Ra::;t 

41/r.I? L;rowa .s//r 
//? ;/'; j /; /-J.57 /r? _jO I/? r.:5 
or/ayers. 

End o:T Soreho/e 

VERTICAL SCALE 
/:/OO 

I- l&I 0 
...J Ir ...J 
a. w c 

m w I- u .,.. 
2 a. 0 "' J: ~ 

.,.. 0 
a. z I- '"' z 
ct 0 
Ir ..... 

j: C) w w 
j: ...J ...J Ill c 
<t a. a. ~ ;> 

Ir ~ :E 0 w 
I- <t <t ...J ...J 

Ill en Ill m w 

' ' ' 

PIEZOMETER 
OR 

STANDPIPE 

INSTALLATION 

WATER CONTENT PERCENT ADDITIONAL 
Wp W WL LAB. TESTING 

I 0 I 
YO ZO 30 qo 

I 

No ce.:;1. 1.'n9 

-

&cA-fll/ed 

w/rh 
CLIJ7717_9~ 

&a/0.17//'<:::" 
sea/ 

..5ot?d~ 
9'/-<7(/e/ 
,,OC?cf-,?::: 

5/o17ed 
idO""" /?V'C 
;°1//e 

.. 

· . 

-

..... . . 
. 
.. 
.. 
-

-- -l .. .. . 
i.:. . . , 
. . 
. , .. . 
' 

. . 

1--

.. 

.. 
' 

·• 

I 
.. 
~ 

· •. 
., .. 
. , 

~ 

; 

Drfl at lo. o m 
Morch g/6'o 

DRAWN RJW 
CHECKED ~ Golder Associates .8-/-/. eo-47 



l 

0 
z 

-u 
Cl> 

0 ..... 
Q. 

RECORD OF BOREHOLE .B.H. B0-48 
canaL .5ca. z+~oo 
15c.c3. 5N ZZ7. 7 e 
LOCATION (See Figure 3 ) 

BOREHOLE TYPE Roror-y w/f-h o/r-

SAMPLER HAMMER WEIGHT 140 LB. 

ELEV. 
DEPTH 

f/7efrq 0 

0-6 

10&.3. 79 

6./ 

SOIL PROFILE 

DESCRIPTION 

~ 

ho 3 ea, 9 rC("' /7 / s /7 -

..bro vv.n ..s "'7N .o 5 

Cj"RR//EL T/LL; ...50/??C' 

/cc<" //"? <.'L/ff/a9s 

DROP 30 

I-
0 
...J 0:: 
IL w 

m w ,.. 
~ IL 

:r ::J > 
IL z I-
< 
0:: 
Cl w w 
j:: ...J ...J 

< IL IL 
0:: ~ ~ 
I- q < 
V> V> V> 

1oaz.sg 
73 ,. / 

\ .... 

Orey', .5Ch/s ry,.8EPROCK ~--,: I 
t'/ t.!5. 
/ -r 
~,, - , 1080. 79 

9./ 
End or ..8or-e/7o/e 

IN. 

... 
...J 
< 

I- u 
0 Cll 

0 
LL z 

0 ...... 
j:: 

II) 

~ ~ 
0 ... 
...J ...J 
m w 

BORING DATE re.b. 23, /980 

BOREHOLE DIAMETER /00/77/?? 

DATUM C/eort"'d 9roL//7d ..SL/rmci> 

I I ' ' 

WATER CONTENT PERCENT 
Wp w WL 

"" /0 co ..30 40 

PIEZOMETER 
OR 

STANDPIPE 

INSTALLATION 

ADDITIONAL 

LAB. TESTING 

. .. 

.Be/?roal.Te .. . 

;;;~711 
ph:7ve./ . ~ ·; 
,,ooctf"" :?-=J ~- .·, 
Slo/'/ed ·:.~ ... 
d'Omm Pf/C' ··! .. 

,P/pe~~· !: 
:. • 

Dry ac 8.2 m 
Morch B/ Bo 

VERTICAL SCALE 
1.·100 

Golder Associates e.Ht!?o-48 
DRAWN R.W. 
CHECKED _;I2_G_ 



0 
z 

-u 
Cl> 

Cant:.?L .5Cz:r. Z+ zzo 
15c8. 8 IV Z99. Z c 

RECORD OF BOREHOLE 8 .H . &0-49 

LOCATION (See Figure 3 ) 

BOREHOLE TYPE ,k/oror-y ..cuirh 0//-

SAMPLER HAMMER WEIGHT 140 LB. DROP 30 IN. 

I-
0 
...J a: 
II. .., 

Ill 
.., I-

>- n. 0 

.., 

...J 
<[ 
u 
Cll 

BORING DATE ,,C:~L;?. E3.) /980 

BOREHOLE DIAMETER /D0/77/7? 

DATUM C/ecv-(""d 9roL/ad ...SL/rToce 

PIEZOMETER 
OR 

STANDPIPE 

I ' INSTALLATION 
::E 

l: ;:, >- 0 
n. z I- IL z DESCRIPTION 

·o 
fl. ELEV. 

DEPTH 

1079.73 

9.1 

1076. 13 

/0.7 

l/ery dry 
(po.s.s/b/y d/..STL/rbed 
.Oedroc,..f-) 

Gr-ey sch ls ry 
BEDROCK 

VERTICAL SCALE 
/. '/00 

<[ 0 WATER a: .... 
i= I!) .., .., 

Wp . i= ...J ...J (/) 

~ <[ II. n. :i: I 
::E ::E 0 .., 

IC ...J ...J 
I- <[ <[ / 0 
(/) (/) (/) Ill 

.., 

Golder Associates 

CONTENT PERCENT 
w WL 
0 I 

z~ 30 4o 

ADDITIONAL 

LAB. TESTING 

9'rav~/ ·· 

.boc,f"l/Z~ 

Dry .at:- 10. o m 
March CJ/Clo 

DRAWN ,Rh). 
B-H- B'o-49 CHECKED ])G 



~I 
l\l: 
~: 

- - ~: 

ci 
z 

-u 
Cl) 

·o-... 
0.. 

Co11al .St-a. Z+ 100 
RECORD OF BOREHOLE B.H go-so 

1475. C3 N 404. 4 e 
LOCATION (See Figure 3 ) 

BOREHOLE TYPE Rolcv·y w1T-h o/r-

SAMPLER HAMMER WEIGHT 140 LB. DROP 30 

SOIL PROFILE 

I-
0 . ..J 0: 
IL ILi 

m ILi 
>- :I! IL 

ELEV. J: ~ >-
DESCRIPTION IL z ..... 

DEPTH Cl 
0: 
I!> ILi ILi 
j: ..J ..J 

(mf'fre'~ 1 Cl IL IL 
0: :E :I! 
..... Cl < 
Ill Ill Ill 

IN. 

ILi 
..J 
Cl 

..... u 
0 Ill 
0 ... z 

0 
' j: 
Ill § ~ 
0 ILi 
..J ..J 
m ILi 

BORING DATE ;::eb.ruory 23, 1980 

BOREHOLE DIAMETER /00/??/77· 

DATUM [/ecv-~d 9rouad .SL/rroce 

I 

PIEZOMETER 
OR 

STANDPIPE 

INSTALLATION 

WATER CONTENT PERCENT ADDITIONAL 
Wp W WL LAB. TESTING 

I 0 I 
/O Zo · .30 4-o 

1085. C.(,, C/et?r~d or-ouod sor-kce 
J--~~-+-~~~~""--~~~~~~~----<->-)-1-----1-~-1----1-~~+--~-+-~---1~~+--~-+-~----<,__~~~~....--.--

o.o Fr-03e/7 ,br-o.?u/7 )J 

or-90/7/c ..5/LT •• 
IOB4.4C, •) 

/.Z 4ree/7/Sh .broh//7 58,,-Vfl~ 
/083. zt.. C7r?d 9/?/?VEL T/LL) ~"'),;,'.;,; / vnrrozen K~ 

1~8~ 7& ::::v;t:dr~~ I 
1077. 7c, 

79 

107t:,. St.. 

9. I 

4'rey .sill C7/7d ..sood 

CL../#/n9s, pr-obob/y 
a/.5-fz;;--,!/ed !3EOROC,,{:, 

//er-y dr-_YJ pro.bob/y 
1-1ppC7.b/e 

..5c/71s Ty .8£.0ROC k 

VERTICAL SCALE 
,__ /: /00 

~ 

Golder Associates fir/ ,go-so 

8e1?loa//e 

l.Seo / Z.--,- .. 

..5oac7 ~ 
9rC{'v~/ .. -: 

MC/fV~<· 
-5/o# ed ·. : 
dt? .'77/7/ r:"P"{' :-

,I?/ ,,be ~~ 
ory at- 8. om 
;vtorch 8/80. 

DRAWN Rh/. 
CHECKED .:l2G::.._ 



-u 
.!!.. 
0 ... 

Cl. 

RECORD OF BOREHOLE B.H Bo-51 

h-03e,n, .61-owo,, 
1088.3 &; 019001c .S/L-T 

12 

/o7CJ.84 

/0-7 

1075.tJ4-

;3.7 

41-eeolsh-91-ey, /ro_}'e/? 

5/TA/P qad qRfit/.EL 

7/Lt, ..b/T5 err /ce 
/a CL./TT/a9s 

,. 

7111 05 above 
bur .tu/ -1-17 .set/era/ 

..bot...11de~5 

Grey ..sc17isry 
BEOROC,1"" 

VERTICAL SCALE 
/.'/00 

-2 -I 0 

I 

+1 . 

PIEZOMETER 
OR 

STANDPIPE 

INSTALLATION 

WATER CONTENT PERCENT ADDITIONAL 
Wp W WL LAB. TESTING 

I 0 I 
/0 Zo .3CJ 4o 

I I 

I\ 

I '\ 
I \ 

\ 

I 
\ 
\ 

\ 

I \ 

68 ~ 
\ J 

I 

\ I 
I 

\ 
I 
I 
I 

\ I 

I 
\ , , , 

I 
I 

6 6 

Golder Associates BH go-s1 

C'L11?'1/?9's 
boc: ):f/l/z.. .,,.. .. 
Tl'lerm/ .5lOJ-

# / ·I .. 

&17roa/Te I i. 
..sea/ ;;J/"" · .. 

~ . I " .. 
..5017d (IT 
9rt:7v~/ 
.Pock~// 

l/,Rn::>.bo.P~ 
-/Jl//s . . 

' 
dlscool"loL/o.u.:;,, 

.. 
#4 -. .. 

: 

.. 
S/07/ed . . 

.zo nlni Ptl'C' ' 

p;_,o~~ ~ 

P5 ·:1 .. 
Ory at: 13. 4 I?? 
March B/1!30 

DRAWN ~ 
CHECKED ..221i_ 

.. 

.. 

.. 



-u 
GI ·g-
'-a.. 

Cl:J'1a/ .St-a . /+8.90 
1-'~9 . ~ N t:;.18 · 5 e 

RECORD OF BOREHOLE .B H . B0-5Z 

LOCATION (See Fi9ur~ 3 ) 

BOREHOLE TYPE Rorory wirh Q/r 

SAMPLER HAMMER WEIGHT 140 LB. DROP 30 IN. 

ELEV. 
DEPTH 

(me/re!J 

108.3. 31 

G. / 

q ./ 

, 

DESCRIPTION 

.A/ore: 

Lo9 .f?o.sed on 
dr/l/e.r-.5 o.bsert/oT/O/JS 

~ 
0 
...J a: 
CL Ill 

~ m Ill 
>- 2 CL 0 
:i: j >- 0 
G. z ~ IL 
c 
a: ' ~ Ill Ill 
j:: ...J ...J Ill 

c G. CL lit 
a: ~ 2 0 
~ ci: c ...J 
Ill Ill Ill m 

Ill 
...J 
c 
u 
Ill 

z 
0 
j:: 

~ 
Ill 
...J 
Ill 

BORING DATE Feb . .?3,, /980 

BOREHOLE DIAMETER /00/7?/T? 

DATUM C/eor-ed e7ro£.1/?d Sq.rrc::;rce 

. 
WATER 

Wp 

' . . 

PIEZOMETER 
OR 

STANDPIPE 

INSTALLATION 

CONTENT PERCENT ADDITIONAL 
W WL LAB. TESTING ,__ _ _,Q I I 

10 Zo Jo 4-o 

So/?d .fl , 
9.ro v e / :·: 
pock~~: 

5o/7d4 
'7r-ave/ ·~ · 

pqc.,,fb~.· 

.Slo/led · · 
..?0 mm P//C :· 

4 

ppe~~. 

IOrq at: 7· 8 m 
M orch 8/80 

VERTICAL SCALE 
· · - /: )oo Golder Associates 

DRAWN R. VU . 
8. 1-1_.__f?.0~2 CHECKED _;])£_ 



RECORD OF TEST PIT SHEETS 

Other Than Along Diversion Canal 

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

Golder Associates 



~ 
0 I 
N I 

I I 
NI 

~ I I 
0 z 

-u 
QI 
·o .... 
Q. 

D 

" 

Z4-/5, 7# 7Z5.C.c RECORD OF TEST PIT T.P 79-1 
j 

LOCATION ( See Fiourel DATE 27 July /979 DATUM GrOi.Jnd Jt/rre1c:e 

METHOD OF EXCAVATION D8 Cat E/ ripper PROJECT 001-V'N V;qt-t.e'f 

SOIL PROFILE 

b 
_J 
IL 

i ELEVN. DESCRIPTION 
DEPTH 

IL 
< 
It: .., 
j:: 

(m) < 
It: 
f-

"' 

//32-66 Ground surface 
O·OO Orqanic 51LT4 debris->~ 

113Z·?.8 ·I m volcanlc ash ::...LL 

O· ?G bro wn f/ne f-o med.I · 
sand !ense I . · 

w 
It: _J 

w < 
m u 
:::E w "' IL 
::I >-z f- z 

0 
w w j:: 
_J ir < 
IL > 
:::E :E w 
< < _J 

"' "' w 

.., 
_J ~ 
< f- GROUNDWATER 
z "' 0 w 
i=- f- CONDITIONS 
0 

WATER CONTENT, PERCENT 0 ai 
Wp w WL 

<[ < 
_J -

I) 2~ 30 4~ 5b 

0·38 f3rown qrev fine I 
113/.90 .SOn dy SILT T!Ll., occ . 

l+c.s Grev to brown g rey 
sanb'y 5 / LT TILL, 
Somht:; ?,ones or hiqh 
5C 151 corrte nt ~ 

~ 

b 

Cb/- I 
C(-48 
S-31 non- ploshc 
M-15 
c-5 

~ 
~ 2. - CS. 

1128·70 ~ 
) 

Cbl-5 
Cj -;?.; 
5-34 
M-28 
C-9 l-c=--=,------if--~~~~~~~~~-1'""'"'""-I 

5·96 8otfom of' Test Pif 

VERTICAL SCALE 

/:5D 

Sa177pLe Z a 'l"77bi 1Pe a' w1Ch l.forn1bte 
z J'"rol77 TP- 79- ( i:r /01' .s.freln9C;f7 
C:e..Jci.nt;; am~ c atnpalC.C.ic n. 

Golder Associates T.P. 79-1 
DRAWN 1?f:: 
CHECKED 'J)(; 



... 
0 
CP 

"i5' ... 
Q. 

_z3gg. zJ/ ,:;.8.9. ~e RECORD OF TEST PIT T.P 79- 2 
LOCATION ( See FIQure) DATE 28 Ju/y /979 

METHOD OF EXCAVATION DB Cai 4 ripper PROJECT 

DATUM Ground surface 
DOWN V4LLeY 

ELEVN . . DESCRIPTION 
DEPTH 

(m) 

1121-68 Ground surface 
O·OO Organic debri5 ¢ moss 
0·2.8 Wh/te volcanic ash 
0·43 

Brown qrev fine 
son<!:( SILT TILL, 
ur Wp, very 
sfiff to horCI 

VERTICAL SCALE 

/:ECJ 

b 
_J 
IL 

i 
IL 
c 
0:: 
C> 
j:: 
c 
0:: 
f.-
U'l 

-.-iX' . .... -· 

0:: 
UJ 
m 
:E 
:::> 
z 

UJ 
_J 
IL 
:E 
c 
U'l 

UJ 
_J 

c 
UJ 

u 
U'l 

IL 
>-
f.- z 

0 WATER CONTENT, PERCENT 
UJ j:: Wp w WL 
~ c 

> -
:E UJ 
c _J 

"' UJ 10 20 30 40 

C> 
_J !!: 
ct f--z Ill 
0 UJ 
j:: f--

Ci 
c ai 
ct ct 

_J 

~o 

Cb/-CP 
c;-38 

GROUNDWATER 

CONDITIONS 

5- 31 non- plast/ c 
M-24 

0 

C- I 

~/-0 

Ci-30 
S-31 
M-29 
c-10 

Sc/1 inp/e ~ CO/fl? bin °d. >' vit-h 0 '5<Q/77f= { ~ 
Z '1='rorr. TP- 79-1 ror scr~V?gcl 
t:~ 1::~·n~" anf:::/ ca77po:'""b°L

0

0i'7. 

. 

Golder Associates T. P 7_.9-2 DRAWN 7?1<' 
CHECKED JJC-



m 

I 
I 
I 
I 
I 
I 

0 
z 

-u 
· cu 
·o-... 
ll. 

314..3.ot-l -6'Z4. 7c RECORD OF TEST PIT TP 7!3-3 
LOCATION (See Fl11ure) DATE 5 Aug /979 DATUM Ground 5urface 

METHOD OF EXCAVATION DB Co1 4 n ppe r PROJECT Oo/IVAI VPt-t-E.Y 

SOIL PROFILE 

.... CJ 
0 "' _J ~ 
_J Q'. _J 
D.. "' cl cl .... GROUNDWATER 

m u z (/) 

"' Ill ' I . ' 0"' 

ELEV N. _ ?t :IE D.. ~ 
.... 

DESCRIPTION 
::> >- CONDITIONS 

DEPTH 
D.. z .... z a 
<I 0 WATER CONTENT, PERCENT a m 
Q'. 
CJ "' "' ~ Wp w WL 

<l: cl 

j:: _J 
~ 

cl _J 

(m) 
D.. > cl :IE :E "' Q'. .... cl .q _J 

"' 
(/) (/) "' 10 20 30 4) ~o 

1068·93 Ground 5urface 

1&~ ar'%.an1¢ det;;ls 4 ,w....:: 

vo conic as. ·-

rr£30 Brown !ine sandy lit] A ·32. 6/l T, occ . pebb!e 1 

. 

0·61 I ·o.·.,. moist :$., . .;ii 
Ae. 
~~ ~ -· -i4 
: .. ·~~ 
i-S?a· 
~£i}l 
·6'' Cb/-/C 

Brown qr~ coar=.e 
Cs: --: 
~f9 Cf-G3 

sand.y. G AVE.L) . ~~ - s- .,25 

moi!5 below 3m, ~1 1 C.5 . 
0 M+c-L. 

t;JCC . qrev Si It 
mc.lusions

1 
some ~'. I-

fro3en ~~~ 
~~() 
) 'ii ·- ··O~ 
:::;i~ 

~g 
iJ. rhl 
~4 ,{~:) 
6~ >------

Cbt-5 
cy;(j'. 

0 
~ -i:;;4 

~.~~ 2 t'.s. 5-28 
·=-t>"i. 

~~ 
I- ~ ... C-3 

/Ob3·6D 
5-3~ Bottom of Test Af 

VERTICAL SCALE Golder Associates TP _Z..9-3 DRAWN e1< 
/: 50 CHECKED J>G 



-c..> 
Ill 
"() ... 
Cl. 

z~~o1 . c..H 1oz1. c, e 
LOCATION ( See Figure l 

RECORD OF TEST PIT T.P 79-4 
DATE 5 Auq 1979 

METHOD OF EXCAVATION DB Cat rt ripper PROJECT 

ELEVN . DESCRIPTION 
DEPTH 

(m) 

//59·78 Ground surhce 
o-oo Organic debriG $ 

//59·37 volcanic ash 
0·41 

I-
0 
..J 
Q. 

i 
Q. 
<[ 
a: 
~ 

j:: 
<[ 
a: 
I-

"' 

I 
Grey brown c/aye.y ~ 
SILT T/LL, non - ·.::: 
plasrlc, very dense, ::=": 

u..r < Wp .. . 

f/54-60 
5./8 Boffom of Te5f Pit 

VERTICAL SCALE 

/:5o 

"' a: _J 
<[ "' u m 

"' If) 
:E Q. 
::> )-z I- z 

0 WATER 
ll.J ll.J j:: Wp ..J 

~ 
<[ 

Q. > 
:E :E ll.J 
<[ <[ ..J 

10 "' "' "' 

c) 

0 

DATUM Ground ourface 
DOWN VRLl.cY 

~ 
_J ~ 
<[ I- GROUNDWATER z If) 
0 ll.J 
j:: I- CONDITIONS 

CONTENT, PERCENT 
6 
0 ai 
<[ <[ w 

--
20 30 

WL 

40 

_J 

50 

Ci-4~ 
5-28 
M-ZI 
c- 5 



m 
CJ 

.. 
u 
Cl> ·o .... 
n. 

Z5o-'.4N 
LOCATION ( See Figure) 

RECORD OF TEST PIT 
DATE 6 Aug /979 

METHOD OF EXCAVATION D8 Cai Et npper PROJECT 

.... 
0 "' _J IX _J 
0.. <[ w 

m 
"" 

u 
:::E Ill 

ELEVN . ~ 0.. 

DESCRIPTION 
:> >-0.. z 

' 

T.P. ~~9- 5 

DATUM Ground surface 
DOWN VRLLe Y 

(!) 

_J ~ 
<[ .... GROUNDWATER z Ill 

0 "" f:: I- CONDITIONS 
DEPTH .... z a 

<[ 0 WATER CONTENT, PERCENT o m IX j:: <I <[ (!) w "' j:: _J ir 
(m) <[ 0.. 

IX :::E :::E 
I- <[ <[ 
Ill Ill II) 

105583 Ground sur-face 
0-00 orqanic SILT 4 debris 
o.zs W/7/te volcanic aGh 
0 ·4-b 

105/-83 
4 ·0 

.: .. • 

Olive. brown tine IL -
coarse SAN 3 k:'.5 . 
little med. qrcive/ 1--

to49-83 .:.::·::· 

6·CO Bo-ftom of' Te sf Pit 

<[ Wp 
> 
"" _J 

10 20 "" 

0 

c 

0 

w WL 
-

30 4D 

_J 

Cr -49 
s-49 
M+C- Z 

Ci- 4& 
5'- .50 
1111~c- ::'. 

VERTICAL SCALE 

/:So 
Golder Associates T. P .Z.9-.5 

DRAWN 'J?t:: 
CHECKED J)G 



\[l 
N 

I 0 I N 
I I 

N I 
<J'. I 
I' I 

0 
z 

.... 
u 

" "O' .... 
Q. 

Z,300.~,J 4(,J. 9 e RECORD OF TEST PIT 
LOCATION ( See Fiourel DATE 7 Aug /979 

METHOD OF EXCAVATION DB Cat ti ripper PROJECT 

SOIL PROFILE 

b Ill 
_J It: _J 
D.. Ill <! 

m u 

i ~ 
w <fl 

ELEVN . • D.. 

DESCRIPTION 
::> >-

DEPTH 
D.. z I- z 
<! 0 WATER a: 
<!) w w ;:::: Wp 
~ 

_J 
~ <! 

(m) D.. > 
a: ~ ~ w 
I- <! <! _J 

<fl <fl <fl w 10 

1055·69 Ground surFace 
0-C.O odrg_abn t"G SILT $ 

1055·39 e ri!S rno6S 
0 ·3o White volcanlc ash '; · 
o-51 

0 

0 

TP .79- <P 

DATUM 

Dow/-/ 

I 

CONTENT, PERCENT 
w WL 

2,0 30 4,0 

Ground .surface 

VALLcY 

<!) 

_J ~ 
<! I- GROUNDWATER z <fl 
0 Ill 
;:::: I-

a 
o m 
ct <! 

_J 

C b /- lit:' 
Cj - 54 
5 - .35 
IM+C :: !'le, 

CONDITIONS 

VERTICAL SCALE 

/:So 
Golder Associates T. p _7.9-G DRAWN Pr 

CHECKED J)G 



0 z 

-0 

" ·o ... 
0.. 

•• 

Zo4-1. 7,J 3tJo. 7 c 
LOCATION ( See Figure) 

RECORD OF TEST PIT 
DATE 8 Auq 1978 

METHOD OF EXCAVATION 08 Cai If ripper PROJECT 

b 
_J 
a.. 

~ ELEVN. DESCRIPTION 
DEPTH 

a.. 
ct 
a: 
<l> 

~ (m) a: 
..... 
U1 

1057-t:.P Ground sur-face 

1g:f?f}.1Jv1055 4 organic debri5~ 
0·3o !Black -fro3en organiG 

SILT w-==-~Wf? 
mater/a/ fJOws 
ivhen thawed 

i/056·'2,t.., 

1054-23 
!3-35 Bottom cf !G?sf Pit 

Oepfh vanes o/017q 
/eng-/h o-f pit 

w 
_J a: ct w 

II) I.) 

:IE w U1 a.. 
:::> >-z ..... z 

0 WATER 
w LU j:. Wp _J _J ct a.. a.. > 
:IE ::E II.I 
ct Cl _J 

U1 U1 II.I 

I 

T. p 79- 7 

. 

DATUM Ground .surface 
DowJJ V~L..LcY 

<l> 
_J ~ 
ct I- GROUNDWATER z U1 

I 0 w 
j:. ..... CONDITIONS a 

CONTENT, PERCENT 0 ai 
<I < w WL _J 

f4- 78 
tsµ,c zz 

VERTICAL SCALE 

/:So 
Golder Associates T. P 79- 7 DRAWN 'K:' I< 

CHECKED 'J>G-



-0 
61 
"O' 
..... 
ll. 

( 

Z'.34C..otJ 1017.~c 

LOCATION ( See Floure) 

RECORD OF TEST PIT T P 79- 13 

DATE 9 Aug 1979 
METHOD OF EXCAVATION DB Cat If ripper PROJECT 

ELEVN. DESCRIPTION 
DEPTH 

(m) 

t/4~ - 7:;. Ground surroc e 
0-00 

1141-83 
1·90 

Broken SCHIST in 
brown sandy si/T 
motrix (TILL ) 

Brown qrey f/ne 
5andy SILT TILL, 

non plastic 

NOTE Area has been 
previDL.15/y ~dripped 

b 
_J 
Cl. 

~ 
Cl. 
.q 
Ir 
Cl 

~ 
a: 
I-

"' 

UJ 
Ir _J 

UJ <t 
CD UJ 

u 
~ Ill 

Cl. 
::::> >-z I- z 

0 WATER 
UJ UJ t= Wp _J 

~ <t 
Cl. > 
~ ~ UJ 
<t Cl _J 

"' "' UJ 

' 

DATUM Ground 5ur-face 
Dow/\/ VJ9LLC'Y 

Cl 
_J ~ 
<t I- GROUNDWATER z Ill 
0 UJ 
j:: I- CONDITIONS 
Ci 

CONTENT, PERCENT 0 a:) 
<1 <t w WL _J 

VERTICAL SCALE 

l=.5o 
Golder Associates T. P 7.9-8 

DRAWN "f:.(:::::. 
CHECKED "J) G--



-u 
QI 

·;; 
.... 
0. 

ez77-7N 1.307. Jc 

LOCATION ( See Fl9ure) 

RECORD OF TEST PIT 
DATE 9 Auq 19 79 

METHOD OF EXCAVATION DB Cai ct ripper PROJECT 

I-
0 
...J 
II.. 

ELEVN . ~ 
DESCRIPTION 

DEPTH 
II.. . <I a: 
C> 

i== 
(m) <t a: 

I-

"' 

1152-68 Ground surface 

11f!i.qfl, or9anic debris 4 mo!>.S~ 
o.-:>A •"Vhit'e. voicnnv· a5n , 

0·41 

1148·41 

Brown .sandy_ 5/lT 
TILL 1 .some fro3en 

4-27 fuftom of Tesf Pit 

l&J 
...J It: <I l&J 

m u 
:I: "' Cl) 

II.. 
::l )-
z I- z 

0 WATER 

"' "' 
j:: Wp ...J 

~ <I 
II.. > 
:I: ::E: l&J 
<I <t ...J 

"' Cl) ILi 

I 

TP. 79- 9 
DATUM Ground :;,urface 

OOIVN VRLLeY 

C> 
...J ~ 
<I I- GROUNDWATER 
z "' 
0 "' j:: I- CONDITIONS 
5 

CONTENT, PERCENT 0 ai 
<I <t w WL ...J -

VERTICAL SCALE 

J:.50 
Golder Associates -r. P. _79- 9 DRAWN ?i::' 

CHECKED :VG 



-u 
Cll ·o-
'-
0.. 

m ,., 

~soz.c,,,J 5/. c, e 
LOCATION ( See Floure) 

RECORD OF TEST PIT 
DATE 24 Auq /979 

METHOD OF EXCAVATION DB Caf 4 ripper PROJECT 

ELEVN. DESCRIPTION 
DEPTH 

(m) 

1075·/b Ground surface 
o.oo oraant"c .debris If 

/o74·N- · ,/o/cantc n~h 

/072-97 

Fro3en silty ft"ne 
5At\/D TILL wifh 
alluvium p::::>c/<.ets 

2·83 Bottom ot Tesi Pit 

.... 
0 
...J 
D.. 

~ 
D.. 
ct 
Q: 
~ 

j:: 

" Q: 
I-
II) 

~-... 

"' Q: ...J 

"' "' ID u 
::E "' II) 

D.. :::> >-z I- z 
0 WATER 

"' "' j:: Wp ...J ir ct 
D.. > 
::E ::E .... 
ct <t ..J 
II) II) "' JO 

TP 79-ICJ 
DATUM Ground surface 

Down Vi::2' fl efj 

' 

CONTENT, PERCENT 
w WL 

20 30 40 

~ 

...J !: 
ct .... 
z "' 
0 "' t::: I-

Ci 
0 ai 
ct ct 

...J 

c;-2.t. 
15-55 
M-1.0 

C::.- I 

GROUNDWATER 

CONDITIONS 

VERTICAL SCALE 

/:50 Golder A. ssoc1"ates oRAwN 1<K T p 7g-/O CHECKED :DG 



\() 
N 
CJ1 
NI 

1 I 
NI 
~ 
I'- I 

0 z 

-0 
Cl) 

"O' .... 
0.. 

Zl.3/. 4-N - ~4-1. 5 c RECORD OF TEST PIT T.P 79- II 

LOCATION ( See Fl9ure) DATE 25 Aug /979 DATUM 

METHOD OF EXCAVATION DB Cat 4 ripper 

SOIL PROFILE 

ELEVN . 
DESCRIPTION 

DEPTH 

(m) 

ICbD82 Ground surface 
0·00 . 

Fro::Jen orQon1c 

1059·~ 
/·52 

Slli5 ti debris 
with mo55 or fop or stratum,. some 
Tine 4 mea /um to 
coarse .sand 
pocke-fs 

Fro?_en gravelly 
SA/CJD (no cobbles 
or coarse qrave/) 

.... 
0 _, 
D.. 

?t 
D.. 
<( 
a: 
C> 
;::: 
c 
a: .... .,, 

~1. 
!W. 

o' ·.' 11 
~:-: :· 

/057-16 {~{: 
3·6b Bottom of Te5t Pit 

l&J 
a: ..J 
l&J <( 

u m l&J .,, 
:Ii D.. 
::I >-z .... z 

0 
;::: l&J UJ 

..J 
~ 

<( 
D.. > 
:Ii :::!: l&J 
<( < ..J .,, Vl l&J 

PROJECT DOWN 

' 

WATER CONTENT, PERCENT 
Wp w WL 

--

Ground surrace 
V/-lLLcY' 

C> _, ~ 
<( .... GROUNDWATER z Vl 
0 UJ 
~ .... CONDITIONS 
5 
a ai 
<l <l _, 

VERTICAL SCALE 

/:50 Golder Associates T.P, .79-11 
DRAWN "{?J:: 
CHECKED :I) G 



~ 
QI 
N1 

I I 
NI 
(J'I 
t'-1 
0 z 

u 
Cll 
'O' ... 
Q.. 

2o£;c(J.? N -Z87:.-i C::...-
RECORD OF TEST PIT TP lfl- 12 

LOCATION (See Floure '3) DATE 25Auq /979 DATUM 

METHOD OF EXCAVATION 08 Cat 4 ripper PROJECT 

SOIL PROFILE 

b 
...J 
n. 

ELEVN. ~ 
DESCRIPTION 

DEPTH 
n. 
ct 
IX 
Cl 
j:: 

(m) ct 
IX 
I-
Ill 

1057·36 Ground surface 

1o§/i! .. 5urftct'al orqan/cs ~ 
0 ·30 5::.:lndy Ftne GRAVEL +. ~:q 

With occ. Si / tY, p:::x;keiS':;/Qj 
tt organic inc/u5ion51 ·s;i;r(j· 
maleric;i/ ls hiqhly f;S,.:;.. 

van able · ~.( 

~5519 \?.~ 
/37 Boffom of' Test Pit 

.., 
IX ...J 

ct .., 
u m .., Ill I ::i;: n. :::> >-z I- z 
0 WATER .., .., j:: Wp ...J 

~ ct n. > 
::i;: ::i;: .., 
ct < ...J /t:? VI Ill .., 

Down 

CONTENT, PERCENT 
w WL -
~ 

20 30 40 

Ground .sur-face 

v'otLey 

Cl 
...J ~ 
ct I-
Z VI 
0 w 
j:: I-

0 
0 ai 
<I < 

...J 

GROUNDWATER 

CONDITIONS 

Pd abandoned 
due. fo 
5eepaqe 

VERTICAL SCALE 

/:50 
Golder Associates T p 72- 1z DRAWN R'K.. 

CHECKED J) G-



m 
(" 

RECORD OF TEST PIT TP 7<7-13 

~ I 
~ 1' 

I !141. CJ N CJ 4 7- 5 e 
LOCATION ( See Fioure 3) DATE Dec . '~ /~79 DATUM Ground Surrace 

I I METHOD OF EXCAVATION D -8 Cot ~,Ripper PROJECT DOW/} l/olley Toi//n9s 
~1, .._~~~~~~~~~~~~~~--r-~r-~~~~~~~~~~~~.--~.....-~~~~~~-1 
f..: SOIL PROFILE 

-.., 
GI 
'O .... 
Q. 

I-
0 
...J 
0.. 

ELEV N. ?t ' DESCRIPTION 
DEPTH 

0.. 
cf 
er 
~ 

j:: 
c 

(m) a: 
I-
Ill 

/oC.9.4 Ground Surface 
0 . 0 \Organic de.brls.) t:'-~ 

Fro3en b/oc k­
or-gan1c. -S JL T 

lo~t!./ 

1· 3 

Brown SRND 

and CiRR//EL 

mostly -h-03en 

VERTICAL SCALE 

- _ /,·50_~--- --

.... 
er ...J 

cf .... u m .... "' ' ' ' :E 0.. ::> ~ z I- z 
0 WATER CONTENT, PERCENT 

.... .... j:: Wp w WL ...J ir cf 
0.. > ~~ :E :E .... 
c cf ...J 

"' "' .... 

Golder Associates _ TP 79-13. 

~ 

...J ~ 
cf I-
z "' 0 .... 
j:: I-

i5 
0 ai 
q c 

...J 

GROUNDWATER 

CONDITIONS 

DRAWN. _,£tJ. 

CHECKED :D G-



• 
c 

ID 

C> 

-0 
Q) 

·a .... 
c.. 

RECORD OF TEST PIT TP 79-14 
17Zt.. of/ /OofJ. {;, e 
LOCATION (See Fli;iure 3) DATE Dec . I; 19 75' DATUM G;rouad 5LJrf'oce 

METHOD OF EXCAVATION_ D-8 {'of If Rlppe.t: ._ PROJECT Dowo L/o lie y 7Q ;J1n9 5 

ELEVN. DESCRIPTION 
DEPTH 

[rn) 

IOt;.9.55 Ground surroce 

0 . 6 
f'oa.rse SRA/D (lense) 

/0~8.46 

/./ 

Gravelly SRAID 

Some -Fro3en 

b 
.J a.. 

± a.. 
<[ 
Ir 
(!) 

~ 
Ir 
I-
Ill 

::!X·:.: 
·.-:": 

];l. 
/\; 
:·-:~-; 

/I/ B. pe.;-rnq-f'ra..s / ~{t 
dips -/'ro/77 surroce (} 
of- N VJ O/Jd -fopers {Y 

Ir 
w 
ID w :Ii a.. ::> >-z I-

w w 
.J rt a.. 
:E :E 
<[ <[ 
Ill Ill 

, .. _,·.··-
0 f' f' /n bo It o/77 .:-::/: / cs 
of' pil }}~-

/Ot;.3.o.5 

6 ·5 

coorse .SRA.JD 
Some grovel 

End of' Test Ai 
.5urveyc=d bort:om 
tFLei/at:.ion 10~4. 57 

······ ~. . . ... 

~i 

w 
.J 
<[ 
u 
Ill 

z 
0 
t= 
<[ 
> w 
..J 
w 

dJbZo 
G=5o 
s:z7 
N/+C:: .3 

I 

WATER CONTENT, PERCENT 
Wp w WL 
>-----~----

/0 co .:30 4o 
' 

0 

(!) 

.J ~ 
<[ I-z Ill 
0 w 
~ I-

15 
0 ID q <[ 

.J 

VERTICAL SCALE 

/.'SO 
Golder Associates T P 79-14 

GROUNDWATER 

CONDITIONS 

Dry 

DRAWN RW 
CHECKED 'J)(;-



D 

!> 

RECORD OF TEST PIT T P 19-15 I/) 

~I 
1959.oAI ~14.8 c 

LOCATION ( See Floure 3) DATE Dec /, 1"3 75' DATUM Ground Surface 
'\II 
~: METHOD OF EXCAVATION D-8 {'ot~R/pper PROJECT Down f/o//ey Tq//ings 
~ a--~~~~~~~~~~--.----...-..-----.~~~~~~~~---.-~~~~~~~-1 
. l SOIL PROFILE 

-<.> 
QI 
"O' .... 
Q. ELEVN. 

DEPTH 

(m) 

/ot:.t;.ZZ 

00 

/ot:.5. 72 

0.5 

lo.C.4.IZ 

DESCRIPTION 

Groul7d Surroce 
Orgo /7 /c s IL T <!' 
f/D/Con1c a.sh 

.... 
0 
.J 
0.. 

~ 
0.. 
<l er 
l!I 
i== 
ct 
a: .... 
"' 

Z/ Red brotun coar-se 
Sr?ND Ond qkJRL/EL 

/Ot/.3. 42 

2 · B Fro3en red brown [Ji~ 
Coarse SRNO, some }S 
layers or 9r-oue/ ¢" ]0~~ 
...sond dlpp//79 ~f( 

·.·11:~ 

s/eep/y To nor-t-h ;~:i~;: 
lo t.1. 9Z :z/; 

' :·~:~'?? 
Red .broUJn C'OClr5eX~Y 

SRND,, ldtle -Fine ff~\ 
To coar-se 9.rave/ {~:~;'. 

·:~:-•:: 

UJ 

er .J 
<l UJ 

m u 
:E UJ "' I •___J-

0.. :::> ~ z .... z 
Q WATER CONTENT, PERCENT 

UJ UJ .... Wp w WL .J K <l 
0.. > ~------! :E :E UJ 
ct ct .J /O Zo 30 4-o (/) (/) UJ 

0 

;1tt~_ . 
C•:···: 2 C..5. U 70 0 

58 

.J 
<l 
z 
0 
i== 
1S 
0 
<l 

VERTICAL SCALE 

/.'50 
Golder Associates TP 7'7-1s 

l!I z 
~ 

"' UJ .... 

m 
ct 
.J 

GROUNDWATER 

CONDITIONS 

.Ory 

DRAWN R /,J . 

CHECKED :J)G 



0 
Cl> 
·o .... 
Q. 

RECORD OF TEST PIT T P 79 - /6 
Zo9C.. 8 IV 4/4. 9 c 
LOCATION ( See Figure "3 ) DATE Dec. 8, 1979 DATUM Ground Sur-Toce 

METHOD OF EXCAVATION D-8 Cof ¢Ripper PROJECT Down //alley Toi//n9s 

ELEVN . 
DEPTH 

(m) 

/o ~o. C..J 

O.o 

foS!!!J. 41 

/.2 

DESCRIPTION 

qround Surroce 
o.r9'on/c debr/s 

Olive lomjnoTed 
-f'/ne sandy SILT 
s co lfer-ed pebbles 

.... 
0 
...J 
Q. 

?t 
Q. 
<I 
Q: 
(!) 

j::. 
<I 
Q: .... 
"' 

~'b<ii 

Brown -f'/ne -fa Qf( 
medium GRRL/E!. ~. 
/1'/f/e sar?d ond }f.e 

'o"·tf Cobb/es, Joye red ·~, .. ' 
/o58 .o/ ~ 
2 . b c;.rey brat.Jn l'oar.se ~:\ 
1os7. c.1 ::.:·: 
J .o .SRNDcf G/:?Rl/EL_, r~ 

.some ...s 1 /-!- ~·~i? 
,~, ;.-........ 

105t;..91 Layered q;--ey hoe '-':: :.~ 

* 3 . 7 SR/JC> ¢brown mei:i.T ~:·:· 
-fo coars- .51"?A/O ?< '- .. . tr. 

Lo.r9e /en.se of' 

J .s1lf-_y -Ftne ..sond 
/05.3.91 

!0.52.41 

End of' Te.st- P1I 

VERTICAL SCALE 

/.'50 

~t.f/ 

.. 

II.I 
Q: ...J 

<I LIJ u ID II.I Ill :::E Q. 
::> >-z .... z 

0 
j::. LIJ LIJ 

...J "ff. <I 
Q. > 
:::E :::E II.I 
<I <I ..J 
(/) (/) LIJ 

(!) 

...J ! 
<I .... 

z "' 0 II.I 
i= .... 
i5 

WATER CONTENT, PERCENT 0 ai 
<I <I Wp w WL ...J 

-
~ 

/0 &'o 30 4o 

NO ee.s c ing 

Nl TE p. Te~ r Pd 1.5 CLJT 

/n wo,tl or o /cJ 

b e rr-o. k.J p. i . 

Golder Associates TP 79-lb 

GROUNDWATER 

CONDITIONS 

Dry 

DRAWN R. lJ. 
CHECKED J) . G . 



11) Zo4/. 7 IJ ..,80. 7 e RECORD OF TEST PIT TP 79-17 

~I LOCATION ( See Floure 3) DATE Dec. 9, I 5> 79 DATUM Ground Surface. 

D-8 Col c/R1pper PROJECT Do0n l/o/Jey To//ln9s ~ METHOD OF EXCAVATION 
~ 

~ 
ci z 

u 
Q) 

"O' 

SOIL PROFILE 

..... 
0 
...J c.. 

~ ELEVN. 4 

DEPTH 
DESCRIPTION 

?t c.. 
<t 
Q: 

Jov4 . .34 C?round Surtbce 
o.o Or9onJc de.b;-Js, 

f/olcan1c osh ¢' 

(!) 

i== 
<t 
Q: 
I-

"' 

loG3.74 '.s;/ly .SR/1/D r .: .. ; .. : 
o.t;, ····o 

· fo{,.2.54 

/.8 

/o~l.14 

.3.2 

1!057.94 

64 

L oyered -hne S.-9#4 \/ 
..sandy s1LT, -hne ,-:·:'.·:: o· ··· 
GPfil/EL oad /l?t?.d :":'./. 
-To COC/f.SC' .5'9NO ~:'\: . . :·.·.-· 

Fine -To coarse 
qRH//EL/ -Tew 
Cobbles/ //Tiie 
Coarse _soad 

L oyered -hne 
-To coarse Sh'ND,, 

so/77e 9rot/e/ly 
layers 

.End o-f -le.sf-pi f 

:;:·:.; 

VERTICAL SCALE 

/:50 

UJ 
Q: ...J 

<t UJ u CD UJ VJ ' ' ' ' :E c.. :::> >-z ..... z 
0 WATER CONTENT, PERCENT 

UJ UJ ~ Wp w WL ...J 
~ <t c.. > ~-----t :E :E UJ 

<t <t ...J 10 Zo ..;50 4o VJ "' UJ 

' 

Golder Associates TP 79-17 

(!) 

...J !: 
<t I-
z VJ 
0 UJ 
~ I-

a 
a ai 
q <t 

...J 

GROUNDWATER 

CONDITIONS 

Dry 

DRAWN R tJ. 
CHECKED J)G 



ID 

RECORD OF TEST PIT TP 79-/B 
Z!.39-tfl 539-4e 

~I LOCATION (See Flours 3) DATE .Dec. 9 ... /'7'7'9 DATUM <;rouad Sur-fi::ire 
(), 
l\,j1 METHOD OF EXCAVATION /J-8 Cot cl Ripper PROJECT .DottJn Volley Toi lings 
~: I--~~~~~~~~~~~~~~-..---..~-.-~-.-~~~~~~~~~~~-.-~~~~~~~~~~ 
~I 

u 
Cll 
·o ... 
n. 

SOIL PROFILE 

ELEVN . DESCRIPTION 
DEPTH 

(mJ 

4·1 End or Tes/ Pit-

VERTICAL SCALE 

J."50 

b 
....J 
0.. 

i 
0.. 
<( 
a: 
(!) 

j:: 

"' a: .... 
"' 

UJ 

a: ....J 
UJ <( 

GD u 
UJ UI I :E 0.. ::> >-z .... z 

0 WATER CONTENT, PERCENT 
UJ UJ j:: Wp w WL ....J 

~ 
<( 

0.. > -
:E :E UJ 
<( <( ....J lo Zo 3o 4o UI "' UJ 

0 

Golder Associates TP 79-ia 

(!) 

....J z 
<( j:: 
Z UI 
0 UJ 
j:: .... 

a 
0 iii 
<! <( 

....J 

GROUNDWATER 

CONDITIONS 

Dry 

DRAWN J2 W. 
CHECKED l> G-



m ., 

I 
I 
I 

0 
z 

Z/24.4-IV 787.ae 
RECORD OF TEST PIT TP 79-19 

LOCATION (See Floure 3) DATE Dec. 1~ 1979 DATUM ~l"ound surface 

METHOD OF EXCAVATION D-B ('of g p;pper PROJECT LJowrJ Volley To1/in9s 

SOIL PROFILE 

b L&J 
C> 

_J er: _J _J ~ 
Q.. <l <l I- GROUNDWATER 

L&J z "' ID u 
L&J "' ' I ' ' 0 L&J 

ELEVN. ~ :E Q.. j:: I-

DESCRIPTION 
::> >- CONDITIONS 

DEPTH 
Q.. z I- z 0 
<l 2 WATER CONTENT, PERCENT a ai er: 
C> L&J L&J I- Wp w WL 

<t <l 
j:: _J 

~ <l _J 

{m) <l 
Q.. > 

er: :E :E L&J 
I- <l < _J 

lo Zo ..h 40 
"' "' "' L&J 

' 

/08/.8:3 C?r-ound sur-roce 
o.o CJrgQ/lic s1/-f ?'debN:S 

or.= 
1081.55 Gm 

0.3 I 
~ 

C?rave/ly, ..silly ~ -Pne SfiA/D f;// ~ Dry 

~ 
I 

t'hl• z - 0 . 
I C.5 6•37 

- S=-.33 . M•Zo . c~8 . 

~ ~ ~ 
J Sond y ,,oocfe/s [ ~ ~bl«/ 

~ >-- 0 
lo7u.~9 2 cs [6do 

1-..·. 15 :.jg 

S.2. M•ZZ 
Er7d of' /est- P/I C: 8 

VERTICAL SCALE Golder Associates TP 79-1'7 
DRAWN !<-W. 

J: so CHECKED J:> G-
--



0 z 

u 
QI 
"O' 
..... 

0.. 

c 

Dam 
z1c1 c.f./ z-;. 7 e RECORD OF TEST PIT T /? 7 9-20 

LOCATION (See Flours 3) DATE .Dec./)_. /'779' DATUM Ground Sur-tocc 

METHOD OF EXCAVATION l>B {'o;I cf' ;f';pper PROJECT Down l/o lie y TQ 1//179 s 

b 
..J 
0.. 

ELEVN. ?t 
DESCRIPTION 

DEPTH 
0.. 

"' er 
(!) 

j:: 

(m) "' a: .... 
II) 

1tfi~s Orgon1c sill- #debris ~ 

1
g4_75 ..Brown f';ne 1-o ~'.~;\ 
o. 6 \ med/L//77 s /7'.N .0 r t.=f 

:~ :~ . !j 
( ; •· ~ 

a: 
UJ 
m 

UJ ~ 0.. ::> >-z .... 
UJ UJ 
..J 

~ 0.. 
~ ~ 
<[ "' (/) (/) 

R-03en, lover-ed 
.br-own qr-ey .s1/f-y 

Ti"r?e SRA.JO oad 

. ~ ·: 
;·'.:/-c> 

-f/ne 5Q/7dy S/LT 

some or9orJ/C 
1/?c/us/ons (tuood) 
0/7d occo...s/ono/ ,~;;,'. . ~ "':- ; 

.:: 

ice cr-y.srals. 
..Beco/77//?g /?7ore 

d1 f'-/')cLJ/I 7o r/;o 
ond -fo obro//7 
-troc r1on J-.u/-/-h 

'·~. z C5 
. : 0:·1--
~ -: j • 

l!o~.5.o5 depih. );.: 

UJ 
..J 

"' u 
II) ' 
z 
0 WATER CONTENT, PERCENT 
j:: Wp w WL <[ 
> 
UJ 
..J .30 4o .50 C.o UJ 

' ' ' 

ffJa~ V LJ:>/l 150/ia'. 1:;hon /4 

0 16 

0 

1------1-----------""~' . ch/.Cl 
1f427:s Fi-03en 5R4'.0 ~ ~3 cs. t:r=5o O 
9. 6 . GRt=JL./EL /ILL- .5= 17 

IM=5 

End o-f' Te:>sl R} 

3'1.1rv&yed bolt:otn _ 
ezevaf::i.on /0-4-C,,. /~ 

C.: I 

(!) 

..J z 
j:: "' z (/) 

0 UJ 

j:: .... 
Ci 
0 m 
<[ 

"' ..J 

a.v ~ 
o..v -

0111" 
k'.J"l-'% 

VERTICAL SCALE 
;:50 Golder Associates 7P 79-20 

GROUNDWATER 

CONDITIONS 

1485 J<g/m~ 
1181;<g/m 3 

Fro3en 
Dry 

1345 ;<g/m 3 

DRAWN Rw. 
CHECKED J>& 



-u 
QI 

·o-
L. 

a. 

D 

RECORD OF TEST PIT TP B0-23 
2/84.05 /I./. 851. 1'-'- E 
LOCATION (See Fli;iure 3) DATE Feb. 24, /'780 DATUM Ciroul'?d 5ur/'oce 

METHOD OF EXCAVATION .D-8 cof-.;£" ,,flj:>,,oer PROJECT DOW/? J/o//ey Tc:vl/nys 

ELEVN. 
DESCRIPTION 

DEPTH 

(;r;e-17-e:._ .) 

//08-5 c;'rc:>u/?d ..5'41r/bce 

o.o Or-900/C. sl/T; ffl0.55 

//08. 0 ond deOr/S 

0-5 
Creeo/s/? ,brof/t.//7 

SRNO a/'Jd GRRVEL. 

T/L.L) /ce /e.r?ses 
ro s C/7?. ?'""h/cA-oc55 

J Sondy 

fad or Tesr ,,.-c3I 

Surveyed p/·1 
.bol'To/J? £/et/. 
//o..:;r. /3 

VERTICAL SCALE 

/:so 

b 
..J 
Q. 

?t 
Q. 
ct 
Ct 
C> 

~ 
Ct .... 
Vl 

llJ 
..J Ct ct llJ 

m u 
l/J Vl :E Q. 

::::> >-z .... z 
0 
f: l/J llJ 

..J i( ct 
Q. > 
:E ::E l/J 
ct ct ..J 
Vl Vl l/J 

WATER 
Wp 

/0 . 

'.ob/, II 
t;- 6-1~ 
s-;t;;:Y. 
M-7% 
C'-2. % 0 

C> 
..J z 

~ ct 
z Vl 

I . 0 l/J 
j:: .... 

Ci 
CONTENT, PERCENT a m 

<I w WL ct 
..J 

20 30 40 
' 

Golder Associates TP. 80-23 

GROUNDWATER 

CONDITIONS 

DRAWN RW. 
CHECKED 7)G 



It) 

~I 
(\): 
~ 

~155.c;.AJ 1n1.9e 
LOCATION (See Floure 3) DATE Feb. 24, /;?80 DATUM Ci/OL.//70 Su1-T'oce 

RECORD OF TEST PIT TPB0-24 

METHOD OF EXCAVATION ,08 cor ~/f?pperPROJECT .Dotv/7 //o//ey Tc:n//n9S 
~ --~~~~~~~~~~~~~~-...---.,.~-.-~----.-~~~~~~~~~~~-...-~~~~~~~~~--1 

''I SOIL PROFILE 

0 
Cl.I 
·o ... 
D.. ELEVN . 

DEPTH 

~fu/ 

Os 

/IZ7. Z 

24 

11cs. c. 
4.0 

DESCRIPTION 

L./ r; /',;-o .}' e o 
5'r eea/sh -.brOh/r7 

SR/l.../D 4°4i'Rt9t/EL 

.Surveyed pie bot:"t:om 
cl.ev. llc5. c;,. 

VERTICAL SCALE 

/.·50_ 

b _, 
a.. 

~ a.. 
<[ 
cc 
Cl 
;::: 
<( 
cc 
I-
Ill 

cc 
w m LI.I 
~ a.. :> > z I-

w w _, 
zr a.. 

~ ~ 
<l <l 
Ill Ill 

w _, 
<[ 
u 
Ill 

z 
Q 
I-
<[ 
> w _, 
w 

cb/~1 
qr.j7 
.J rJo 
M•t?3 c, g 

WATER 
Wp 

/0 

() 

Cl _, z 
<[ ;::: 
z Ill 
0 LI.I 
;::: I-

0 
CONTENT, PERCENT o m 

w WL 
<[ <l 

_J 

Zo .30 4o 
I 

b 

Golder Associates TPBo-24 

GROUNDWATER 

CONDITIONS 

DRAWN Rw. 
CHECKED 'J) G-



CD 

IJ) zioJ. 
9

;.; !c.3
4 

.o c RECORD OF TEST PIT B0-..::?5 _ _ ___ _ 

~I LOCATION (See Floure) DATE .Feb. 2~./...380 DATUM yrOL/Od 54/rlbce 
1\1' ~ METHOD OF EXCAVATION f}~8_[oT cl £j-:>per. PROJECL..00.kJ/? //o//ey To///n9..s - . -· - ·--
~ .._~~~~~~~~~~~~--r----.-~.---~.---~~~~~~~~~..--~...,..-~~~~~--t 

-u 
G> 
·o 
Q:: ELEVN. 

DEPTH 

o.o -~ 
1121. 8 /Wo55 ,;¥' Or90/?/c Oc."'PH5~ 

~ .. 
0-3 .. 

r~o3en dc71-;f- :_.: ; 

1119.4 

27 

1/18. C3 

brOkt//7 ro .brOW/7 ~.::.._ 

silry .so/7o; -t='etW :;', . .. ·. 
pebb/~0./77/XC"'d '.-:; 
w/rh or90/7/CS ' , 
oad p/ece5 oT ~~~ 
/A./ood_; 9.r-4 ve / ~ ~ ; ;. ~ 
C0/7 renT //7cr~o5- <;:: 
//?9 ?f.//f/7 de,,or// :~ 

Po_Je/J /L//?VO.Jf'/7 
c;vel"/7/5// - ,/Jvv/J. 5/1NO 
Cl'C//PfiVEL 77LL ~ occ. 
9rove/ly poel-e-6 

4 o End or ks-!- /Jif 

.5t..1rreyed pd- 6ot:t:Z>rr7 
t5:er. 1118. o 4 rn 

VERTICAL SCALE 

/.·50 __ 

No Sc-C"po9e 

Golder Associates TP6'0-2s 
DRAWN A?. LA../. 

CHECKED :DG 



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 [ 1+900 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 



m 
t" 

.... 
0 
Q) 

'O' .... 
Q.. 

{;38. c Al Z~98.JE 
RECORD OF TEST PIT T P 79-22 

LOCATION (See Floure 3) DATE Dec. 2.?I /'777' DATUM qround Sut-TClce 

METHOD OF EXCAVATION D-BCorcff Ri,,o_per PROJECT Down Volley Toi/ings 

ELEVN. 
DEPTH 

(m) 

9o.o9 

/.0 

lo-
0 
...J 
Q._ 

~ 
DESCRIPTION Q._ 

<( 
a: 
!.' 
~ 
<( 
a: 
I-
Ill 

C7round Su;-/'oc e 

or9orJ/c debris .;I ~ 
//o/con1c a.sh _r .. \~;;;; 

.!:~~~·i; 
Rec/- brovv/7 9rove1/y d( 
Tine 5 RN D '~,;;:L 

Orey 5flN.Dand S§ 
C7'RRl/£L T/LL, ~ 

s19nif'/canl S'& 
propo;-r/on of'-//nes ~ 

LIJ 
...J a: <( LIJ u m LIJ "' ' :E Q._ 

::> > z lo- z 
Q WATER 

LIJ LIJ lo- Wp ...J ...J <( 
Q._ Q._ > 
:E :E LIJ 
<( <( ..J 10 "' "' LIJ 

88.&9 ~- c6L-I f 
t-2- 4 .,----t-,-. , - ..J.-h ___ o ____ fi~~" _!_ C.S. '?'~o, f 0 
88 . .3~ l'Vf>O;, erecj .dELJROC/\ ~ ~..,!/ 

ffe?oc::> EEDRDCk:, noi 1_~, -::Ir._ c..s. C= t;. 

30 r/ppoble 1 -
E/7d OT Te.sf- P//' 

I 

CONTENT, PERCENT 
w WL -

.i?o 3o 4-o 

VERTICAL SCALE 
/-'SO Golder Associates TP 79-22 

!.' 
...J ~ 
<( lo-
z "' 0 LIJ 
~ lo-

a 
0 ai 
<t <( 

...J 

GROUNDWATER 

CONDITIONS 

DRAWN Rw. 
CHECKED :PG 



c.... 
C> 

iJ\ 
('-.) 

Cl I 
~I 
I I 

NI 
()\I 
\" I 

0 
z 

I) 
QI 
·o 
ct 

RECORD OF TEST PIT TP 0+045 
LOCATION (See Fioure l DATE ZG Auq 1979 DATUM Ground sur-foce 

METHOD OF EXCAVATION DBCaf 4 ripper PROJECT Down valley 
/ 

SOIL PROFILE 

b C> 
UJ .J ~ .J a: .J <I I- GROUNDWATER D.. UJ <I z <fl 

m u 
' ' 0 UJ UJ "' ELEV N. i ::E D.. i'.= I- CONDITIONS 

DESCRIPTION 
:::> >- Ci 

DEPTH 
Q.. z I- z 
<I 0 WATER CONTENT, PERCENT a ai a: t= <I <I C> UJ UJ Wp w WL t= .J .J <I .J 

(m) C( D.. D.. > -

a: ::E ::E UJ 
I- <I <I .J 

10 20 30 40 "' <fl "' UJ 

10~/.3 Ground surface 
0·00 Mo5s tt. organic 

debris ~· 
~ 

0·30 Fro3en organic .5/LT, 

11 
volcan tc ash, some 

Jo9o. z boulders 
1·07 ~~·;:--

~.:::.: 
.:.:;c. 

Fro 3e n bro wn 
.~:~~-~~ 
:~·.:=:: 

sa ndy GRAVEL ~~f:.: 
(ALLUVIUM), some 

wi silty pockeis 

-;:::-: 
i.c.bl-8 

(;~~ 1 - C6. 0 
Ci-47 
5-39 

/087.C, M+c g 

8-6b Bottom of ksf Pit 

SLJrJ/eyed pl!: boCCom 
elc>vaf:-£on 1088. 0 

VERTICAL SCALE Golder Associates TPOt-045 DRAWN 'Kk 
/:bo CHECKED :[)Q. 



ID 

C> 

u 
Cl> ·c-

RECORD OF TEST PIT T. P. o t- 195 
LOCATION ( See Figure l DATE 26 Au9usf 1979 

METHOD OF EXCAVATION D8 Cat 4 ripper PROJECT Down 

.., 
_J 
<[ 
u 
Vl 

DATUM Ground surface 
valley 

" _J z 

a: ELEV N. DESCRIPTION 

ILJ 
Q. 

>­
f- z 

<[ j:: 
z Vl 
0 ILJ 
j:: f-

6 

GROUNDWATER 

CONDITIONS 
DEPTH 

Cm) 

1092 • .3 Ground surface 
D·DO Qrqanic debriE 4 moss ~ 

0·28 ;;..6.' ~·· 
Brown .sil ty GRAVEL ~: 
TILL , h/gh pr oportior, ~~ 
of schist rock .. . : 
bould er loq_ a t , ::· 
o ppro,x. r. l? 5 rn 

·. ·-
' 

Q 
f­
<[ 
> 
llJ 
_J 
llJ 

WATER CONTENT, PERCENT 
Wp W WL 

19 20 3p 4J 

0 ID 
Cl <[ 

_J 

, . ., ... J C.S. 
c;- 73 
s- 18 non - p los f i e 
M- .9 

(089 .. '3 
2-44 Bofton7 of Tesl Pit 

5urve_ye>d p1f:- .t:x:Ji::l::om 
e1evaEion 10.90. Z 

VERTICAL SCALE 

/ :5o 
Golder Associates 7 P. O·t-19!3 

DRAWN 'i(f( 
CHECKED :!) (;.-



\.(') 
N 
(JI 
(\JI 
'I 

NI 
Q\I 
l'-1 

0 z 

0 
Cl> 
'O' .... 
Q. 

RECORD OF TEST PIT T.P O-t-375 
LOCATION (See Fioure) DATE Zb Aug /979 DATUM 

METHOD OF EXCAVATION D8 U:Jf 4 ripper 

SOIL PROFILE 

I-
0 
_J 
ll. 

~ ELEVN . DESCRIPTION 
DEPTH 

ll. 
<t 
a: 
I!> 

~ 
(m) <t 

a: 
I-

"' 

1089.3 Ground .surface 
ODO OrqanJc debris 

1088.89 4 moss 
o·4J Fro3en 

1088.:54 o raanic. .SIL T 

0-70 - I 
Fro3en bro wn ftne~ 
s anCJy S ILi TILL, ~ 
/arqe schist pebble 1:~:-:. 

c:onient ·· ':-. .. ' . 
. . . 

I~ 
I~ 

lo8t;. I ~ 

a: 
UJ 
Ill 
2: 
::::> 
z 

UJ 
_J 
ll. 
2: 
<! 
I/) 

3r20 Fro3en, m o s-fly qrey ~ 
f me 5Clndy I c/oyey ~ ... 1 
SILT TILL (arqe ~~ 
platy peGh!e conten ~ 

!084.l.3 ~ 
4·57 Bof tom of Tesf Pif 

.SL/rve>LJ&d pit: bol:'/:007 
t2/eval:-ion /o84. tP 

UJ 
_J 

<t 
u 

UJ I/) 
ll. 
>-
I- z 

0 
~ UJ 

ir <t 
> 

2: UJ 
<! _J 
I/) UJ 

c.s. 

PROJECT Down 

WATER CONTENT, PERCENT 
Wp w WL 

10 20 30 40 

0 

Ground surface 

VaLLey 

I!> 
_J ~ 
<! I- GROUNDWATER z I/) 

0 UJ 
~ I- CONDITIONS 
0 
0 ai 
<I <! 

_J 

Cf-56 
S-30 non- plosf-lc 
M-14-
c - I 

VERTICAL SCALE 

/:50 
Golder AssociatesT.P 0+375 

DRAWN 1<'K 
CHECKED 'J)G 



u 
Q) 

·o .... 
c.. 

RECORD OF TEST PIT TP 0+56o 
LOCATION (See Fi9ure) DATE ?6 Aug 1979 DATUM Ground surface 

METHOD OF EXCAVATION 08 Caf I/ ripper PROJECT Down VaLLe:'!J 

I-
0 
...J 
Q. 

ELEVN . ?t 
DESCRIPTION 

DEPTH 
Q. 
<[ 
a: 
(!) 

I= (m) <I 
a: 
I-

"' 

1oea , ~ Ground .surface 
0~ Moss 4 oraan ic de.brts ......_ 
0· 15 \ Wh ite vo lcant"c. ash I ~ 

/t>EJo.19 /nfer/oyerec/ orqonic t: 
0 _61 \SILT rt brown san dy /~ 

\ 5/LT TILL :~·,: 

Greenish qr ev brown~ 
.s) /ty fine 3AND to ~ 
Tine sandy_ .SILT T IL L ,1:· .. . 
hiq h fobu (Qr cobb/ef. : .; 
bdulder . conte n t or!\:~ 

qreen t'Sh -grey tx~~~~ 
me!fovolcanic rock ~~ 

Jo8CJ.51- ~. · 

'2·29 \~ .. ,.. -
Grey e.ssenfio/~ .._-:.., 
massive BEDR< C K, ":..\ 1 

m a inly at eas e nd ,,­
of p ii j sub- verlica/ :; - · 
jot"n ts oc:c.ur in /he ,':-:. 
roc k 1~ 

4·2 7 Bottom or YBs f Pif 

Surveyed pd: bot:-t:orn 
e!evat:ion 1oe 7. 6 

VERTICAL SCALE 

/:5o 

-, 
'I 

'-I -'"/ ,-
.... .1 

... ...J 
a: ...J <[ ... <[ z 
m u 

' ' ' 0 

"' "' ::E Q. f:: :::> >- 6 z I- z 
0 WATER CONTENT, PERCENT a 
I= <l ... "' Wp w WL ...J -It. 
<[ 

Q. > 
::E ::E "' <[ <I ...J 
Ill Ill ... 

Golder Associates T.P.0+-560 

(!) 
z 
I= 
Ill 

"' ,.... 

ai 
<[ 
...J 

GROUNDWATER 

CONDITIONS 

DRAWN RK 
CHECKED ::DG-



lfl 
{'.,jl 
()I 
~I 
NI 
01 
l'-1 

ci z 

u 
Cl> 
·o 
..... 

0.. 

RECORD OF TEST PIT 
LOCATION ( See Floure) DATE 26 Au9 1979 

METHOD OF EXCAVATION DB Caf l/ ripper 

SOIL PROFILE 

b 
_J 
0. 

?t ELEVN. DESCRIPTION 
DEPTH 

0. 
<[ 
a: 
(!) 

f:: (m) <[ 
a: 
I-

"' 

/oq1,q Ground surface. 
i====::;~O~rqpnic rtebrf:-, tt m o ss -~ 

0-15 \White volcanic. ash /~ 

a: 
"' m 
:E 

..., 
0. => >-z I-

"' ..., 
_J _J 
0. 0. 
:E :E 
<[ <[ 
(/) (/) 

Greenish brown ~ 
silty tine SAND TILL ~: 

'«if:°~'"" I - C. S. 

* /Ofl.o.22 

1-68 

lo87.9'4 

.~':\ 

' , ._,,, 
-'· \ "l 

Greenish qrey t~ 
mQsswe mefo vo /can12;_ ... ~ 
rock d ipping into t._, 

.slope !~.:. 
, ' I 

'.'.:'.1 

3·96 Bof tom of" Te.st Pit 

SLJrve~ed pi!:: bot:torn 
e1evat::L.on /oCJCJ. ~ 

PROJECT 

"' _J 
<[ 
u 
!/) . 
z 
0 WATER 
f:: Wp <[ 

> ..., _, 
10 "' 

b 

T.P. 0+7bO 
DATUM 

Down 

CONTENT, PERCENT 
w WL -

20 30 49 

Ground surface 

Jd::rLLey 

(!) 

_J z 
<[ f:: GROUNDWATER z !/) 

0 ..., 
I-j:. CONDITIONS a 

0 Ill 
<l <[ 

_J 

Cf-51 
S-2t non- plos t/c 
M-2C. 
C-1 

VERTICAL SCALE 

/:5o 
Golder Associates TP 0t 760 

DRAWN RI<' 
CHECKED :J)G-



-0 
Cl> 
·c; 

RECORD OF TEST PIT TP 01-905 

LOCATION (see Flourel DATE 26 Aug 1979 DATUM Ground surface 

METHOD OF EXCAVATION [)8 Caf E/ lipper PROJECT Down i/aLLey 

UJ 
...J 
C( 
I.> 

"' . ' ' . GROUNDWATER 

Q. ELEVN. DESCRIPTION 

UJ 
n. 
>­..... z 

0 
j:: 

C> 
...J z 
<t f:: z IJ) 

D UJ 
f::: I-

Q 
CONDITIONS 

DEPTH 

(m) 

1088.g Ground surface 
o.oo Moss g 
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Mine Waste 
Dumps 

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

Water supply storage 
reservoir 

Existing Tailings 
Pond 

Proposed Intermediate 
Dam 

Proposed Cross Valley 
Dam 



Photos of Creek near Sta. p+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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2. 



Photos of Creek in outfall 
area of proposed diversion 
canal (approx. Sta. 3+000) 

June 1, 1979 

3. 
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Note schist rich till 
over fine till. Former 
is not suitable for dam 
core. 
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Till Borrow Pit 
North Valley Wall 
Test Pit 79-8 

4. 



5. 

Till Excavation at Test Pit 0+750 
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6. 

Till Excavation at Test Pit 2+515 
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7. 

Examples of excavated 
frozen till material 
from Test Pit 79-21. 
(Sta. 1+900 of diversion 
canal) 

0 
Temperature -40 C. 
December, 1979 

Material had to be ripped 
but usually crumbled on 
excavation unless ice 
lensed. 
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8 . 

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 lb/cu.ft. 
1920 kg/m3 
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9. 

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/m3 
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10. 

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

August, 1979 
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11. 

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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12. 

Example Photographs of 
Riprap Quarry Developed 
in 1974. 
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13. 

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. 
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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. 
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17. 

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

Note completed dyke and 
pilot channel notch. 

Final survey being 
conducted. 

Starting to place 
gravel on ramp. 
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18. 

Placement of Gravel 
Slope Protection. 

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. 



Completed test 
excavation. 

March 27, 1980 

Note: 

19. 

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. 
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APPENDIX V 

TEST EXCAVATION 

NOTE: 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 • 

Golder Associates 
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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 darn. 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 Darn 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 Darn 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 necessary. 

The presence of permafrost in the foundation, the possibility of 

construction work in severe winter conditions, and the scarcity of pre­

cedents for similar \structures 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) The valley is rock controlled and infilled by alluvium or 

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

ii) 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. 

iii) The soil-bedrock contact zone appears to be highly pervious at 

some locations, consisting either of highly fractured schist or 

coarse grained alluvium. 

iv) The near surface strata contain significant amounts of organic 

matter varying from muskeg to organic silts. 

v) 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. 

vi) 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. 

Underseepage beneath the darn 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 darn 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 darn. 

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 exi.sts 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 Equiµnent 

As stated earlier, the proximity of this project to an operating mine 

is a distinct advantage in that construction equiµnent 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 work. 

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 equipnent 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 m. 

iv) The constructed crest elevation should allow for 0.25 m 

embankment fill settlement in addition to a conservative 

allowance for foundation settlement. 

4.2 Side 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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i) 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 darn 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. 

ii) 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. 

iii) 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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(c) the slurry accumulation at the forward edge of the fill 

be removed, and 

(d) 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 darn rather than extending the blanket further upstream. 

Both the primary and secondary blankets should extend up the 

valley walls to elevation 1065 rn, 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 materials. 

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. Also, 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 darn. 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 darn site during foundation 

investigation work. 

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 darn during thawing of soils exhibits a 

coefficient of consolidation, cv' below 10-6 m2/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 darn is unavoidable. Consequently, we 

recommend that all frozen soils which could result in either high pore 

pressure developnent 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 darn alignment in an area which minimizes 

Golder Associates 



VI-10 

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 

i) The entire foundation area of the embankment should be 

cleared, grubbed and stripped. 

ii) Organic matter and the frozen organic silts (or other frozen 

materials with a cv less than about 10-5 m2/s) 

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 foundation. 

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 rn. The initial 30 m, 

Golder Associates 



VI-12 

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 perform~ensive 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 Valley Dam foundation would amount to 

about 0.03 m3/s (400 igpn) for an intact blanket, or to 

about 0.04 m3/s (550 igpn) 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 grained 

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. 

iii) 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) 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. 

ii) 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. 

iii) 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. 

iv) 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 darn 

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 earthquake 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 darn 

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 darn 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. 

ii) 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 reductions. 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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i) 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. 

ii) 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. 

iii) If it is assumed that the primary blanket is seriously ruptured 

or 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) High pore pressure may be generated when soils having a low 

coefficient of consolidation thaw, and 

ii) 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 rn of coarse 

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

ii) 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. 

iii) 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 

spill~ay 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 Figure 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. 

ii) 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 darn 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-o·ff 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 darn and in the sensitive areas of the 

shell fills. 

All three materials indicate satisfactory shear strengths at the 

stress levels which will pertain in the Cross Valley darn. 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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LABORATORY TR/AXIAL COMPRES5/0N RESULTSFigure YI-8 
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LABORATORY TR/AXIAL COMPRE5510N RESULTSFigure :zI-9 
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APPENDIX VII 

DISCUSSION OF BORROW PITS 

For location of Borrow Pits see Figure VII-1. 

Borrow Pit No. 1 

This borrow possibility is located in the gravel terrace adjacent to 
'\ 

Rose Creek 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. 

Estimated total volume of gravel available is 33 x 104 m3 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 min 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. 

Estimated total volume of gravel available is 49 x 10 4 m3 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. 

Estimated total volume of gravel available is 32 x 10 4 m3 down 

to Elev. 1056 rn. 

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. Also 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 m3 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. 

Golder Associates 



VII-4 

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 

area. 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 m3. 

Borrow Pits No. 9 

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 Dam. 

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: 
Borrow Pit 9A: 
Borrow Pit 9B: 

57 x 104 m3 

5.5 x 104 m3 
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 o.s 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. Except for a moist till layer near the top of the deposit, the 

till is far below its optimmn 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 volmne 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 volmne in this area is about 9 x 10 4 , 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 thawing because it is not ice rich. About 

0.4 m of stripping would be required. 

The potential volume available is about 30 x 10 4 m3 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 thaw. 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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Borrow Pit No. 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

TABLE VII - 1 
Borrow Pit Summary 

Material 

Gravel 

Gravel 

Gravel 

Gravel 

Gravel 

Gravel & Broken Rock 

Gravel & Broken Rock 

Gravel 9 

Gravel 

Till 

Till 

Till 

Till 

Till 

Golder Associates 

Est'd Volume 
m3 

6.2 x 104 

33 x 104 

49 x 1 o4 

32 x 104 

30 x 104 

22 x 104 

8 x 104 

to 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 Anvil 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. In 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 developnent 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. In 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 v~ry 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 Jurnikis (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 darns, 

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: 

where:- p0 

0 & 0 I 

H 

d 

e 

R 

Po -t- od 
Po+ ad 

ton ¢' 
tan e 

the overburden pressure applied by soils above the 
ground water table 

the total and effective unit weights, respectively, of 
thawing soil 

the thermal conductivities of the upper and 
lower layers, respectively, of the two layer system 

thickness of the upper layer measured normal to the face 
of the slope 

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) 

the effective angle of internal friction of the lower 
layer of thawing soil 

the overall slope angle 

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:-

R= d 

where:- d the depth of thaw normal to the slope surface 

t time 

cv = coefficient of consolidation of the thawing soil. 
(The component d / yr- 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:-

u 

where:- P0 + ~'d 

Po+ Y'd 

the effective stress at the thaw front at depth H+d 
after complete dissipation of excess pore pressures. 

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 d 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 cv' it is notoriously 

difficult to evaluate to accuracies within even one order of magnitude. 

The techniques 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 

cv of between 2.5 x lo-3 and 2.s x lo-2 cm2/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 d/..[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 observ.ed 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 cv = 2.5 x lo-3 cm2/sec) the width, B, of gravel 

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 

Golder Associates 



VIII-7 

draining materials are encountered along the backslope excavation (e.g. 

¢' = 37 degrees, and cv = 2.5 x lo-2 cm2/sec) then the minimum 

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 = O 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 cv = 2.5 x lo-4 cm2/sec 

are shown to demonstrate the sensitivity of the analysis to cv when its 

value becomes smaller than approximately 2.5 x lo-3 cm2/sec. None 

of the materials observed at the site are believed to have values of cv of 

any less than the chosen lower bound of 2.s x 10-3cm2/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 d = O axis of Figure 

VIII-6 is above an acceptable minimum as represented in Figure VIII-1 and 

in Figure VIII-6 along the d = O axis. 

3.2 Toe Region of the overall Channel 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. 

Golder Associates 



VIII-8 

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 d/ ft ratio is approximately O .06 cm/sec1/2. 

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. 
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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 

£ills 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. Aside 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 Solifluction 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 e 
[Fs (pseudo-static)] [ Fs (static)] 

tan [tan -i ( k)+e] 

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 g) 
(Fs pseudo-static) = 0.88 x (Fs static) 

For 200-Year return period (k = 0.097 g) 
(Fs pseudo-static) = 0.80 x (Fs 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 accel.erations 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 a.nalyses are used to determine the horizontal 

or "yield" acceleration ky(g) required to because failure 

of the slope. 

ii) Second, the earthquake induced accelerations, ~ax' 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.s x lo-3 cm2/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 = o.1o+g) 

occurs during the first several years of canal operation, some isolated 

sections of the construction (i.e. those sections with low¢' and cv) 

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 isolated 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. 
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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 rn3/s), 

(2) spring runoff flow (100 cfs or 2.8 rn3/s), 

(3) and the 5 year flood (1320 cfs or 37 rn3/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 gpn). 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 10-4crn/s for wintertime low 

flow condition, 7.7 x 10-4crn/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 10-4crn/s. 

It is presently anticipated that it will be necessary to line up to 

1000 rn 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 10-6 

cm/s in a laboratory test. While a permeability value of only 10-S 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 

lo-3 and 2.s x lo-2 cm2/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/ ft ratio of approximately 0 .06 

cin/secl/2. 

d) Using effective angles of internal friction of 30, 35, and 40 

degrees, together with coefficients of consolidation of 2.5 x 

lo-3 and 2.5 x lo-2 cm2/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. 

g) 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. 

h) 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, respective~y. Pseudo-static analy­

ses using these criteria are believed to provide unrealistically 

low factors of safety for the proposed channel construction. 

i) Assessment of earthquake induced slope displacements involving low 

strength soil and a low coefficient of consolidation (¢' = 30 

degrees and cv = 2.s x lo-3 cm2/sec) indicates that downslope 

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. 

j) 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 

occur. 
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k) The channel construction and foundation materials are not consid­

ered to be generally susceptible to liquefaction during earth­

quakes. 

1) 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 rn thick well compacted lifts. 
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TABLE VIII-1 

Climatic Data - Cyprus Anvil Mine Site 

Month Mean Daily Air 
Temperature 

( oc) 

January -20.s 

February -14.3 

March -11.3 

April - 3.9 

May 3.6 

June 10.6 

July 11.1 

August 9.6 

September 3.9 

October - 3.1 

November -12.3 

December -17 .s 

Mean Annual Air Temperature - 3.7°c. 
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(b) 

Example:- for embankment with 2:1 side slopes, ~· ~ 30° and Cv • 2.5 x 10-3 and Cv = 0 cm 2/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 is of the order of only 3 m (10 ft.) • 

2. The first natural period, T0 , of the embankment has been calculated to be of the order of 0.1 to 0.2 sec. For 
conservatism a value for T0 of 1.0 is used • 

3. For a 2:1 elope with~· • 30° and cv • 2.5 x 10-3 cm2/sec with a depth of thaw of 0.6 m (2 ft.) beneath the 
gravel, and cv • O, 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 Figure lOa), for y/h • O, ~ax has been taken as 0.097 g for a 1:200 year earthquake of Richter 
magnitude - 5.75. 

5. Applying these criteria with Figure lOb), displacements are estimated to be:-

a) worst conditions - first thaw season:-
U/~ax g T0 - 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 T0 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 soils 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. 

- 11£]-
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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.)~ ~Tbe~aver~~e 
return period of the flow is not documented, however Sigma Resource 
Consultants in their report on the 1975 runoff3 state 11 

••• peak flow 
of 1700 cfs. (48m3/sec.) which it is understood, has an average 
return period of 25 years. 11 Montreal Engineering Company (MECO) 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 - 19?5." 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. 

--l}t:--
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AVAILABLE FLOW 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. 

Year 

1967 
1968 
1969 
1975 

TABLE 1 

ANNUAL FLOW EXTREMES-ROSE CREEK 

Maximum Daily Di3charge 
cfs. m / sec. 

1150 
548 
354 
950 

32.6 

15.5 
10.0 
26.9 

Minimum Daily Discharge 
cfs. m3/sec. 

6.1 0.2 
7.0 0.2 
7.3 0.2 

Not Available 

It is believed that the 1975 flow was the largest experienced by the 
existing diversion channel since its construction in 1974. 



To compute the design flow for Rose Creek, the following methods 
were assessed: 

4. 

1) Preparation of a discharge - frequency relationship from 
recorded fl ow, 

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 studies6•7•8 on runoff characteristics of small watersheds in 
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 

6. "Estimation of SmaU Basin Flood Flows in the Discontinuous 
Permafrost Zone." D.G. Vincent and S.O. 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 . J:E---
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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. 9BC1) the MAF and 100 year 
coefficients were computed to be 0.22 and 2.47 respectively. 

From equations: 

QMAF = C D.A. 0.85 
and Q100 = C D.A. o. 7 

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. MEC0 1 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. 1'River Engineering and Geotechnical Considerations at Selected 
River Crossings Along the Proposed Dempster Lateral Gas Pipeline. 11 

Prepared for Foothills Pipe Lines (Yukon) Ltd. by W.M. Veldman 
previously with Northwest Hydraulic Consultants Ltd. and F.B. 
Claridge (Komex Consultants Ltd.). 

l:E_-
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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 Bose Creek 

1967 2971 32.6 4.5 7 

1968 1964 15.5 1.5 2 

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 frequ~ncy curves der_i ved from fl ow 
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 larger than design and, 

3} availability of equipment that can be readily mobilized for 
emergency repairs. 

1£-
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The economic life 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 11 learning curve 11 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 
11 contingency flood 11 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 m3/sec. (cfs.) 

10 51 1802 
50 88 3110 

100 109 3851 
500 160 5650 

J=EI--
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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 pr~cise 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. 1+255 

In Years .To .0.+.650 To 1+255 To 2+000 

10 5.1 7.2 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. 

- -- t-E_---



HYDRAULIC DESIGN 

ROSE CREEK DIVERSION 

Alignment - The selected alignment of the diversion channel was 
dependent on: 

1) required tailings dam height, 

9. 

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 ~he mean annual flood) and channel dimensions 

-[EE-
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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 low-flow channel on the uphill side is recommended to : 

1) increase 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 
low 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 layer of granular material will be 

12. As specified by Golder Associ.ates. 

- [EEJ 
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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 1 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 excavati.ons 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 050 of from 180 to 210mm. The need 
for a filter layer should be fteld 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. 

- [l:E-
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b) Till lining on channel slopes and bottom - The same armoring 
requirements apply as above except a thinner layer of filter 
is overlying the easily erodible till lining. The lining 
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. 

cl 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 sf.nee they have performed reasonably well and 
meet the requirements of tbe fisheries - an important criteria. Place­
ment of cobbles on the channel oed 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 
11 larger-than-contingency-flood 11 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
larly 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 low 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. 

-[EEJ-
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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. In 
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 channel, 

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 

-[l:E-
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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. Tbe 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 
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ROSE CREEK BELOW FARO CREEK - STATION No. 9BC-3 

Location : LaL 62• 201 00", long. 133• 2.4' 00", Yukon Territory, approximately one thousa.cd feet below Faro Creek, and forty-five 
miles west-northwest o! Ross River P .. O. 

Gauge: Manual. 
Period of Record: .1\.ugust and September 1966. 
Extremes Recorded: Maximum daily discharge, 45.2 cfs on September 6, 1966. Minimum daily discharge. 34.0 cfs at ~anous 

timea in 1966. 
Remark a : Records fair~ 

Da ilv Diacharoc in C ubi c Feel p<:l" s~cond fo r the l 966 Water Year 

Day Oc:t. Nov. Dec:. Jan. Feb . March April May June July Aug. Sept . 

!. .......... . 
2 •••••••••• •• 
3 •••••••••••• 
4 .•..••.•.••• 
5 .••••••••.•• 

6 .•..•••••••. 
7 ••••••••• •• • 
8 ..•.•...•••. 
9 ••• .• ••••• •• 

10 •.•••••••••. 

11 • ••••••••••• 
12 • . .•.••.•••• 
13 .••••••••••• 
14 ••••.•.••••• 
15 .•• . ...••••• 

16 •.•••••.•••• 
17 •••••••..••• 
18 ....• ••••••• 
19 .••••••••••• 
2.0 •••••••••••. 

2.1. ••••••••••• 
22. ••.••.••.••• 
2.3 .••••••••••• 
2.4 ••••• •••• ••• 
2.5 •••••••••••• 

2.6 •••••• · •••••• 
2.7 •••••••••••• 
2.8 •••••••••••• 
2.9 .••••••••••• 
30 • ••••••••••• 
31 •••••••••••• 

44.4 
42.0 
41.4 
38.4 

39.6 
41.4 
42.0 
39 . 0 
40.2. 

42.0 
38.4 
38.4 
38.4 
38.4 

35.6 
35.2. 
35.2 
34.4 
34.0 
34.0 

34. 0 
36.0 
38. 4 
40 . 2 
41.4 

45 . 2. 
43.6 
40.8 
38. 4 
38 . 4 

36.6 
35.6 
35 . 2. 
36.0 
37. 2. 

37.2. 
37.2. 
36 . 0 
36.0 
35 . 6 

35. 2. 
35 . 2. 
37.B 
37.8 
36. 0 

35.6 
35. 2. 
34. 0 
34.0 
34.8 

25 

Total 1,114.6 

Mean 

Acre-feet 

For the Period . .. . . . M;oximum daily discharge, 45 . 2 cfo on September 6 
Minimum daily discharge, 34. 0 cfa at various time• 

SOURCE: Water Survey of Canada 

37. 2. 

2.,2.10 
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ROSE CREEK BELOW FARO CREEK - STATION No. 9BC-3 

Location: La.t. 6z• ZO' 30", long. 133" Z4' 30 11
, (revioed). Yukon Territory, approximately one thouoand !eet below Faro Creek and 

forty-five miles weet~orthweat of Ro111 River P.O. 
Gauge : ManuaL 
Period o! Record : Mainly continuou1, Auguot and September 1966 and December 1966 to September 1967. 
Extremes Recorded: Maximwn daily diacharge, 1,150 cb on May 31, 1967. Minimum daily discharge, 6.1 ch on 

March 10, 1967. 
Rema.rk•: Record• !air. 

Dally Diachariie in Cubic Feet per Second for the 1967 Water Year 

Day 

1. .... •··•·•· 
z ........... . 
3 ••••••• . •••• 
4 •••..••••••• 
5 .•..•..•.•.• 

6 .•...••...•• 
7 •••••••••••• 
8 ...•.•.••••• 
9 ....••.••••• 

10 .....•..•.•• 

11 •.•.•••••.•• 
IZ •••..••••••. 
13 ..•...•.•••• 
14 ......••.•.• 
15 . ••..•.••.•• 

16 .•...•..•••. 
17 ...•.••.••.• 
18 .......•.••. 
19 .••..•••••.• 
zo .•••.•.•..•• 

Zl ......•.•••• 
zz ........... . 
Zl ..•..•••.••• 
24 .••.••.••••• 
25 •.•••••••••• 

26 •••.••••••.• 
27 •••••••••••• 
ZB •••••••••••• 
Z9 .••••••••••• 
30 .••••••.•••• 
31. ••. : ••••••• 

Total 

Mean 

Acre-feet 

Oct. Nov. Dec. Jan. Feb. March 

12.3 b 

1Z.4b 

6.1 b 

For the Period •••.•. Maximum daily discharge, 1,150 c!a on May 31 
Minimum daily diacharge, 6.1 ch on March 10 

b - Ice conditiono. 

SOURCE: Water Survey of Canada 

April 

6.3b 

May 

79Z 
595 

1,110 
1,150 

June 

1,070 
810 
616 
73Z 
801 

783 
51Z 
3Z3 
334 
591 

543 
292 
246 
29Z 
431 

467 
414 
467 
337 
273 

278 
204 
200 
180 
169 

196 
zoz 
zoo 
163 
lZl 

12,Z47 

408 

24,Z90 

July 

105 
99. 0 

155 
110 
129 

121 
100 

90.9 
90.9 

105 

95.4 
115 
93.0 
94.Z 

135 

115 
110 
105 
105 

82.5 

101 
72.0 
80.4 
86. 7 
82.5 

86.7 
82.5 
83.6 

105 
173 
163 

3,272.3 

106 

6,490 

Aug. Sept. 

108 41.0 
93.0 38.Z 
87.8 79.4 
8Z.S 60.5 
77.Z 59.5 

77.Z 6Z.6 
78.3 68.8 
8Z.S 78.3 
77.Z 93. 0 
77.2 79.4 

74.1 71.0 
77.2 79.4 
71.0 71.0 
68.8 68.8 
64.6 72.0 

61.S 73.0 
59.5 71.0 
59.5 77.Z 
61.5 80.4 
53.5 72.0 

46.8 69.9 
51.5 66.8 
53.S 67.8 
45.8 66.8 
4Z.O 64.6 

42.0 61.5 
36.3 51.5 
32.5 61.5 
34-4" 59.5 
36.3 57.5 
34.4 

1,947.6 2,0Z3.9 

62.8 67.5 

3,860 4,010 

ZS 

- m-



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

Location: Lat. 62" 201 30", long. 133" 24' 30", Yukon Territory, a pproximately one thousand feet below Faro Creek and forty-five 
miles west-northwest of Ross River P.O. 

~Manual. 
FerioC! of Record: Mainly continuou•, August and September 1966 and December 1966 to December 1968. 
Extremes Recorded : Maxim= daily discharge, 1,150 cfs on May 31, 1967. 

Minimum daily discharge, 6.1 do on March 10, 1967. 
Remarks: Records fair. Since October 4, 1968, flows have been affected by dam on south fork of Rose Creek. 

Dait v Oi~char v:e.6 in Cubic Feet oer Second for the Perio.J October to December 

Day Oct. Nov. Dec. Day Oct . Nov. Dec. Day 

! .. . .. . . ....... 56.5 23 .9 18.2 11. . ... . ... . .. .. 49.6 22.3 1~2 2 1 •. ..... . . . . .. . 
2 . ... .. .. ...... 55.5 23.1 T8.T 12 ... . . . .. ..... . 49.6 22.J 16.0 2Z •• •••.• . ••• .• • 
3 •... .• . ...•. •• 42.0 23.5 17.9 13 . . .. · ··· ······ 46.8 21.9 15.8 23 .. . .... .. ..... 
4 .. . ...... .. .. . 42.0 23.3 17.7 14 . .• .. . .. .. . . .. 40.l 21.7 15. 6 24 ..... .... ... .. 
5 . . ...•. ....•.• 40.l 23.2 17-4 15 . ... . •.. ... . .. 40.l 21.5 I 5.2 ZS •••• •• •• ••••• . 

6 ... .... ....... 41.0 23.l 17.2. 16 . .. . .... .. . ... 41.0 21.3 15.0 26 .. ...•.. . . . .• . 
7 . .... . ... ...•. 40.1 23.0 17.0 l 7 . . .. .... .. . . . . 40.l 21.l 14.8 27 . .... . . .. . .... 
8 . . ...••...•• . . 61.5 22.9 16.8 18 . . . ... •...•• .. 32.5 20 .9 14.6 2 8 ..... . ......• . 
9 •••...••.. .... 4ll.f 22.7 16.6 19 ....• •. . .••• .. 32.5 20.7 14.4 2 9 . . ... .. . •.••.. 

10 . . •. .. •... .... 42.0 22.5 16.4 20 .... . .. . . . . . . 32.5 20.5 14.2 30 . .. . .. . . . . . .. . 
31. ... .......... 

Ice conditions October 22 to December 31. Total 

Mean 

Acr e- feet 

Daily Discharg e• in Cubic Feet per Second for the Year 1968 

Day Jan. Feb. March April May June July 

I. .... . ... ... 11.8 8.0 7.1 7.1 12.4 212 E 152 
2 .......... •. IT.b 7.9 IT TI ITS 230E 139 
3 . •..•.•••••. 11.4 7.8 7.1 7.1 14.5 205E 133 
4 ... ........ . 11.2 7.7 7 . 1 7.2 16.0 185 E 114 
5 . .•.. . •. .•.. 11.0 7.7 7 . 1 7.2 17.5 181 198 

6 . .•...•••.•. 10.9 7.6 7.1 7.2 19.5 185 E 548 
7 . •. •...••••. 10.8 7.5 7.1 7.2 22.0 190E TI! 
8 . ••• ...• •... 10.7 7.4 7.1 7.3 27.0 204E 211 
9 . ••.••...... 10.6 7.4 7.1 7.3 32.0E 220E 178 

10 . .• .... ..... 10.4 7.4 7.1 7.3 35.8 250 E 168 

11. ........... 10.-3 7.4 7.1 7.3 44.0E 236E 159 
12 ............ 10.2 7.3 7.1 7.4 52.0E 228 E 140 
13 •........... 10.0 7.3 7 .1 7.4 60.0E 213 170 
14 ..•.....•... 9.8 7.2 7.1 7.5 64.0E 201 150 
15 ...........• 9.7 7.2 7.1 7.6 68.0E l90E 160 

16 •.•..•.... :. 9.6 7.2 7.1 7.7 70.0E 210E 150 
17 .••..•.•...• 9.5 7.2. 7.1 7.8 74.6 220 E 150 
18 •••.....•••• 9.4 7.1 7.1 7.9 , 52.0 240E 176 
19 ••••.•..•••. 9.2 7.1 7.1 8.0 220 E 260E 166 
20 .••..••...•• 9.0 7.1 7.1 8.2 270 E 295E 160 

21. •••••••..•• 8.9 7.1 7.1 8.5 330 E 302 140 
22 ......•...•. 8.8 7.1 7.1 8.8 390 E G14 12.9 
23 •••••.•..••• 8.7 7.1 7.1 9.0 440 2.36 131 
24 ..•.••.•.••• 8.6 7.1 7.1 9.2. NS" 2.2.0E 114 
2.5 .•.•..•••••. 8.5 7.1 7.1 9.5 300 E 2.06E 114 

26 ••.......••• 8.5 7.1 7.1 10.0 280 E 2.00E 106 
27 •.••••••.••. 8.4 7.0 7.1 10.5 260 E 194E 98.5 
28 •.•...•.•.•. 8.3 'l.O 7.1 11.0 2.30 E 185 E 98.5 
2.9 .•..•••.••.. 8.2. 7.0 7.1 11.5 2.15 E 178 84.4 
30 .•••...•.••. 8.1 - 7.1 11.9 210 E 160E n:4 
31. .•..•••••.• IT - 7.1 - --205 E - 114 

Total 300.2 212.1 2.2.0.l 248.7 4,392. . 8 . 6,510 5,014.8 

Mean 9.1 7.3 7.1 8.3 142 217 162 

Acre-feet 595 421 437 493 8, 710 12,900 9,950 . 
For the Year 1968 ..... • Maximum daily discharge, 548 cfa on .July 6 

Minimum daily diocharge, 7 .o cfo, February 27 to 29 
Mean discharge, 83,3 cfs 
Total diacharge, 60,400 ac-ft 

Aug. 

261 
316 
316 
351 

"Tib 

170 E 
133 
115 
106 
97.0 

88.o·E 
84.0E 
83.0 
80.6 
78.2 

84.0E 
90. 0 E 
96.0 E 

100 E 
108 

106 
105 

97.0 
148 
148 

158 
168 
168 
168 
180 E 
198 E 

4,636.8 

150 

9,200 

Ice conditions January l to Ma.y 8 and October 5 to December 31. E - Eotim.ated. 

SOURCE: Water Survey of Canada 

Sept. 

218 
280 
TI9 
253 
241 

218 
174 
196 
210 E 
220E 

234 
227 
211 
198 
181 

202 
200 
200 
198 
183 

168 
168 
160 
156 
148 

146 
139 
142 
131 
122 ---

5,753 

192 

11,400 

1967 

Oct. 

30.7 
27.1 
26.8 
26.5 
26.0 

25. 7 
25 . 4 
25 . l 
24.8 
24.5 
24.0 

1,152.2 

37.2 

2,290 

Oct. 

115 
TIT 

90.0 
70.0 
57.0 

54.0 
53.0 
47.1 
46. 0 
45.0 

44 .0 
43.0 
42.0 
42.0 
42.0 

42.0 
42.0 
41.0 
41.0 
40.0 

39.5 
39.0 
38.5 
38.0 
38.0 

38.0 
38 .0 
37.5 
37.0 
1Df 
37.0 

1,524.6 

49.2 

3,020 

Nov . Dec. 

20.3 14.0 
20. J 13.8 
19.9 13.6 
19. 7 13.4 
19.5 13.1 

19.3 13.0 
19. l 12.9 
18 . 9 12.8 
rr:9 12.6 
18.9 12.3 

12.0 

640.4 468.6 

21.3 15.1 

1,270 929 

Nov. Dec. 

36.5 28.0 
n:T Tl.7 
35.7 27.4 
35.3 27.0 
35.0 26.5 

34.7 26.2 
34.4 25.9 
34.1 25.6 
33.8 25.3 
33.8 25.0 

33.6 24.6 
33.4 24.2 
33.0 23.8 
32.8 23.4 
32.5 23.0 

32.3 22.2 
32.l 22.4 
31.9 22.l 
31. 7 2.1.8 
31.5 21.5 

31.2 21.1 
30.9 2.0.7 
30.6 20.3 
30.3 19.9 
30.0 19.5 

29.3 19.0 
2.9.2 18.5 
2.9.1 18.0 
2.8.8 17.5 
28.5 17.0 
- 16.5 

972.l 701.6 

32.4 22.6 

1,930 1,390 

-m-



DAY 

1 
2 
3 • 5 

6 
7 
8 

' 10 

11 
12 
13 ,. 
15 

16 
17 
18 
19 
20 

21 
22 
23 
7q 
25 

26 
27 
28 
29 
30 
31 

TOTAL 

HEl'JI 
AC-FT 
MAX 
HIN 

JAN 

16. 5 
15.8 
15. 1 
1q . 4 
13. 7 

13. 3 
12.9 
12.5 
12.0 
11.5 

11.2 
10.9 
10.6 
10.2 
9.8 

9.6 
9.• 
9.2 
9.0 
8.7 

8.7 
8.6 
8.q 
8.2 
8.0 

7.9 
7.8 
7.7 
7 . 6 
7.6 
7.6 

32• . • 

10.5 
6q) 

16 . 5 
7.6 

FEB 

7.6 
7.6 
7.6 
7.6 
7.6 

7.6 
7.6 
7.6 
7.6 
7.6 

7.6 
7.6 
7.6 
7.6 
7.6 

7.6 
7 . 6 
7.6 
7.6 
7.6 

7.6 
7.6 
7.6 
7.6 
7.6 

7.6 
7.6 
7.6 

212 . 8 

7.6 
422 

7 . 6 
7.6 

HAR 

7.6 
7.5 
7. 5 
7 . 5 
7.5 

7. 5 
7 . 5 
7.5 
7.5 
7.5 

7.• 
7.4 
7.• 
7.• 
7.• 
7 .•• 
7.4 B 
7.q B 
7 . 4 B 
7.4 B 

7.3 B 
7.3 B 
7.3 B 
7.3 B 
7.3 B 

7.3 B 
7.3 B 
7.3 B 
7 . 3 B 
7.3 B 
7.4 B 

229.5 

7.• 
•55 

7 . 6 
7 . 3 

ROSE CREE~ BELON FARO CREEK - STATION NO . 09BC003 

DAILY DISCHARGE IN CUBIC FEET PER SECOND FOR 1969 

APR 

7 . q B 
7 . q B 
7.q B 
7.q B 
7 . q B 

7.q B 
7 . q B 
7 . 5 B 
7 . 6 B 
7. 6 B 

7.6 B 
7.7 B 
7 . 8 B 
7. 9 B 
8.0 B 

8.2 B 
8 . q B 
8.6 B 
8.7 B 
8.8 B 

9 .1 B 
9 . 3 B 
9.6 B 

10 . 0 B 
10.5 B 

11. 0 B 
11. 7 B 
12.q B 
13. 1 B 
13. 8 B 

266.7 

8 . 9 
529 

13 . 8 
7.• 

KAY 

U. 3 B 
15.0 B 
15.7 B 
16 . 5 B 
17. 3 B 

19.q B 
19.3 B 
21. D B 
23.0 B 
27.6 

38.5 
•6 . 6 
•9.3 
58.3 
65.0 

95.6 
105 
109 
98.5 

105 

1qq 
196 
277 
305 
328 

158 
81. 8 
56.5 
61. 0 

102 
139 

2808.2 

90 . 6 
5570 

328 
H . 3 

JUN 

117 
84 . • 
75 . 8 

127 
160 

179 
216 
200 
239 
35q 

277 
213 
202 
193 
174 

JEq 
HO 
127 
139 
111 

90.0 
77 .o 
39.4 
53.8 
50.2 

47.5 
45.7 
43.9 
41.2 
•2. 1 

4023.0 

13' 
7980 

354 
39.• 

JUL 

42., 
q5_7 
49.3 
52.0 
63. 0 

103 
122 
122 
90.0 
72.2 

72.2 
179 
198 
139 
102 

".2 
84.4 
98.5 
81. 8 
73.• 

68.0 
66.0 
71.0 
69.0 
90.0 

124 
103 
90.0 
81.8 
76.0 I! 
74.0 I! 

2796.6 

90.2 
5550 

198 
42. 1 

AUG SEP 

SUKKARY FOR THE MONTHS Jl'JI TO JUL 

KEAN DISCHARGE, 50.3 CFS 
TOTAL DISCHARGE, 21100 AC-FT 
HAXIKUK DAILY DISCHARGE, 35q CFS ON JUN 10 
MINIMUM DAILY DISCHARGE, 7.3 CFS ON KAR 21 

TYPE OF GAUGE - MANUAL 
LOCAT I ON - LAT 62 20 30 N 

LONG 133 24 30 W 

ROSS RIVER AT ROSS RIVER - STATION NO. 09BA001 

DAILY DISCHARGE IN CUBIC FEET PER SECOND FOR 1969 

DAY 

1 
2 
3 • 5 

6 
7 
I 
9 

10 

11 
12 
13 ,. 
15 

16 
17 
18 
19 
20 

21 
22 
23 
24 
25 

26 
27 
28 
29 
JO 
31 

TOTAL 

KEAH 
AC-FT 
HAX 
>IIN 

JAN 

312 B 
30q B 
296 B 
288 B 
278 

270 
262 
254 
2q5 
2qo 

2H 
228 
222 
216 
212 

210 
206 
202 
198 
196 

194 
192 B 
190 B 
189 B 
188 B 

188 B 
187 B 
186 B 
185 B 
185 B 
184 B 

69U 

224 
13800 

312 
184 

FEB 

18q B 
19q B 
184 B 
184 B 
184 B 

184 B 
18q B 
184 B 
18q B 
184 B 

18q B 
184 B 
184 B 
18q B 
184 B 

183 B 
183 B 
183 B 
183 B 
183 B 

183 B 
183 B 
183 B 
183 B 
182 B 

18 1 B 
18 1 B 
18 0 B 

5131 

183 
10200 

184 
180 

KAR 

181 B 
182 
182 
181 
181 

180 
180 
180 
180 
179 

179 
179 
178 
178 B 
178 B 

178 B 
178 B 
178 B 
178 B 
178 B 

178 B 
177 B 
177 B 
178 B 
178 B 

178 B 
179 B 
179 B 
179 B 
180 B 
180 B 

5551 

179 
11000 

182 
177 

APR 

182 B 
184 B 
186 B 
189 B 
191 B 

195 B 
198 B 
200 B 
205 B 
212 B 

216 B 
222 B 
228 B 
235 B 
243 B 

251 B 
261 B 
274 B 
289 B 
305 B 

320 B 
337 B 
355 II 
375 II 
391 II 

420 11 
q5o 11 
q99 B 
530 B 
588 B 

8720 

291 
17 JOO 

588 
182 

KAY 

630 B 
680 B 
7qo B 
820 B 
920 II 

1010 B 
1110 II 
1270 B 
1450 II 
1650 B 

1810 
2060 
2500 
3280 
3870 

'150 
4270 
4740 
5oqo 
5190 

5250 
5160 
5100 
5470 
6350 

7170 
7390 
7070 
6790 
6280 
6010 

115230 

3720 
229000 

7390 
630 

SUKKARY FOR THE YEAR 1969 

SOURCE: 

KEAN DISCHARGE, 2130 CFS 
TOTAL DISCHARGE, 15qoooo AC-FT 
KAXIKUH DAILY DISCHARGE, 11600 CFS ON JUL 15 
HlNIKUH DAILY DISCHARGE, 177 CP S ON HAR 22 

Water Survey of Canada 

JUN 

5810 
5570 
5540 
5740 
5910 

6320 
7390 
7930 
8360 
8900 

8980 A 
9q90 E 
7700 I! 
6950 E 
6380 E 

5900 E 
5200 E 
Q650 E 
q700 E 
3900 E 

3570 E 
3340 E 
3100 E 
2850 E 
2650 E 

2450 E 
2250 E 
2150 E 
2010 E 
19qo E 

156120 

5200 
310000 

8980 
19qo 

JUL 

1910 E 
2100 E 
2300 E 
2500 E 
2750 E 

2930 E 
3050 E 
3340 E 
3700 E 
q150 E 

5000 E 
6350 E 
8300 E 

1oqoo E 
11600 A 

95qo 
7570 
6350 
5370 
q680 

q120 
3710 
3380 
3180 
3030 

3000 
3150 
3400 
3690 
3710 
3630 

1Q1890 

q590 
281000 

11600 
1910 

AUG 

3660 
Q010 
q190 
4090 
3820 

3560 
3380 
3250 
2700 
2880 

3000 
3130 
3300 
3300 
3980 

q210 
•no 
q550 
q620 
•500 

q56o 
q950 
5470 
56•0 
5q30 

5070 
q1qo 
q590 
q530 
q350 
Q120 

128150 

q 130 
25qooo 

55qo 
2700 

SEP 

3890 
3740 
3710 
•010 
Q500 

q740 
•1•0 
q550 
4500 
quo 

•620 
Q800 
5370 
6Q90 
6860 

6590 
6080 
55qo 
5100 
q710 

q3eo 
Q0 9 0 
3eqo 
3660 
3480 

3350 
3230 
3030 
2850 
2750 

133800 

qq50 
265000 

6860 
2750 

TYPE OF GAUGE - RECORDING 
LOCATION - LAT 61 59 qo N 

LONG 132 22 QO N 
DRAINAGE AREA 2800 SQ KILES 

OCT 

OCT 

2650 
2550 
2Q50 
2qoo 
2340 

2270 
2230 
2230 
2250 
2300 

2320 
2270 
2230 
2190 
2090 

1920 
1770 
1830 
1830 
1710 

1690 
1350 
908 
654 
52q 

372 
290 A 
288 B 
290 B 
295 B 
300 B 

50791 

16•0 
101000 

2650 
288 

>IOV DEC 

II-ICE CONDITIONS 
E-ESTIKATED 

REGULATED 

NOV 

320 
350 
qoo 
q30 
qqo 

q35 
Q26 
q15 
Q07 
qoo 

410 
QJO 
q30 
•20 
380 

365 
360 
375 B 
415 B 
q60 B 

500 B 
520 B 
560 B 
550 B 
560 B 

580 B 
580 B 
580 B 
600 B 
590 B 

13688 

456 
27200 

600 
320 

DEC 

600 B 
600 B 
59q 
570 
550 

520 
490 
470 
•60 
q50 

qso 
q45 
qqo 
q30 
•25 

420 
395 
380 B 
370 B 
350 B 

335 B 
320 B 
310 B 
305 B 
300 B 

300 B 
298 B 
298 B 
298 B 
300 B 
300 B 

12773 

412 
25300 

600 
298 

A-MANUAL GAUGE 
II-ICE CONDITIONS 
E-ESTIKATED 

NATURAL FLOW 

m-

DAY 

1 
2 
3 • 5 

6 
7 
B 
9 

10 

11 
12 
13 
u 
15 

16 
17 
18 
19 
20 

21 
22 
23 
H 
25 

26 
27 
28 
29 
30 
31 

TOTAL 

KEAN 
AC-FT' 
MAX 
KIN 

Dl'.Y 

1 
2 
3 
q 
5 

6 
7 
8 
9 

10 

11 
12 
13 ,. 
15 

16 
17 
18 
19 
20 

21 
22 
23 
zq 
25 

26 
27 
28 
29 
30 
31 

TOTAL 

KEAN 
AC-FT 
KAX 
KIN 



ROSE CREEK BELON FARO CREEll - STATION NO. 09!!COOJ 

MONTHLY AND ANNUAL KEAN DISCHARGES IN CUBIC FEET PER SECOND FOR THE PERIOD OF RECORD 

YEAR JAJI FEB HAR APR MAY JUN JUL AUG SEP OCT NOV DEC KEAN YEl\R 

1966 l7.2 1966 
1967 qo9 106 62.8 67.5 37.2 21. l 15 . 1 1967 
1968 9.7 7.J 7 .1 8.3 1q2 217 162 150 192 qg.2 32 . q 22 . 6 83 . l 1968 
1969 10.5 7.6 1.q 8.9 90.6 13q 90.2 1969 

KEAN 10.1 7.5 7.J 8.6 116 25J 119 106 98.9 qJ.2 26.9 18.9 83.J KEl\N 

LOCATION - LAT 62 20 JO N 
LONG 133 2q JO N REGULATED 

ROSE CREEK BELON FARO CREEK - STATION NO . 09BCOOJ 

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

YEAR MAXI KUK INSTAJITAJIEOUS DISCHARGE MAXI KUK DAILY DISCHARGE MINIMUM DAILY DISCHARGE TOTAL DISCHARGE YEAJI 

1966 nu 
1967 1150 CFS ON HAY 31 • 6.1 CFS ON HAR 10 • 1967 
1968 5q9 CP'S ON JUL 6 7. 0 CP'S ON P'EB 27 6DQOO AC-F!' 1961 
1969 J5q CFS ON JUN 10 7.l CP'S ON KAR 21 19U 

• - EXTREME RECORDED FOR THE PERIOD OF RECORD 60QOO AC-FT MEAll 

------------~~~--------- - - - --------- -- - -- --------- - - ------ - - -- - -~-------~---------- -------- ---- --- - ----- -------- --- -- ---------a 

SOURCE: Water Survey of Canada 

- m-
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i;IEL.D DETERMINED. 
(Dl's) COARSE ...::::::40 
(Dis) ~lNE > 

4:_ RIPRAP 512.ES IN mr-n 
- CLASS A - --
-- --o,:s 120 - 180 mm 
----- · D 5"o 190 - 210 rnm 

'2.1 o - '3oc m r'l'1 

(D IS) co1Rsc <. s ~ Dso) COARSE """4o 
( es) I ' D ~o) l=INE 

TO BE AS l='OLLO\.VS: 
CLASS S 

Dis 520 - T~O ....,.-n 
D :so T~O -880 .-nm 
D "" 0 - 1250 ....., ,..,.... 

~IGURE 5" 
GOLOER ASSOCIATES 

DOWN VALLEY TA\L\NGS D\SPOS,..\\... 

ROSE CREE\< Dl\JERS~ON 
DETAIL-S Gf DROP \\JE\RS AND 

GRP..DIENT COl'--)TROL- ei11...LS 

HYDROCON ENGINEERING (Continental) LTD. 

DRA\\JN: UG DA.Tt.: .APQ 30 'Jo2, g -"1 I 



F'"LOW 
NATURAL 
_C_R.EEK _ 
5-LO PE_ __ _ 

- --- ----- PC-AN -
N .T.S. 

~-l:;AIZ1NG~CD_JSTURBE..O 
\R8 lM\T - ( A5$U~EQ) 

> - -

~ Cl-IAN"->EL 

- -_ DIVERS\ON"" ___ _ 

NOTES: 

I. IF TRIBUTARY GRADE AT 
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. - - - .3.± lQO ___ _ 
--"FOR T~E FLK'ST TWO LOCATIONS: 

--AJ:-EL\ Ml NA"re· -RlPRAP IF' ROCK 
-- - ····--TS- PRESENT__ _ _ --··-··-- _ __ . 
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Mr. D.C. Goodall, P. Eng. 
Golder Geote~hnical Consultants Ltd. 
5915 3rd Street SE 
Calgary, Alberta T2H 1K3 

4669 Osler Street 
Vancouver, B.C. 
V6H 2Y3 

January 4, 1980 

RE: Earthquake Stab i 1 i ty of the Proposed Ta i l i ngs lmpoundment 
at the Cyprus Anvil Mine, Faro, Yukon Territory 

Dear Dave: 

Further to our meeting in Calgary on November 19, 1979, I 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. Bi 11 Hodge, November 15 and 17' 1979. 

3. Discussions with Mr. Glen Gilchrist and yourself, November 
19, 1979. 

4. Your report 11 Geotechnical Recommendations Concerning a 
Proposed Sloping Tailings Disposal Method for Cyprus Anvil 
Mining Corporation, Faro Mine' 1

, 1977. 

SITE CONDITIONS 

A plan of the proposed impoundment extension is shown in Figure 1. It 
is my understanding that two retention dams wil 1 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 liquefaction. 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: 1 '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 earthquakes. 

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 Chi lean tailings dams in the La Li qua earthquake of 1965 
(Dobry and Alvarez, 1967) . Ten out of fourteen tailings dams inspected in 
the area failed . At the El Sol dado mine there were 3 tailings dams which 
had been constructed by the upstream method. Two of these dams failed 
emptying 2 mill ion 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 fol lowing steps: 

I. 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 1 iquefaction 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 1 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 col lapse of such buildings. On the other hand, 
tailings impoundments unlike most civi 1 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. 

. . . 3 
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DYNAMIC ANALYSIS 

A detailed dynamic analysis requires an evaluation of the dynamic stress­
strain properties of lhe soil and a solution of the equatior1s of motion to 
obtain the time history of stresses. An approximate method of obtaining an 
average dynamic stress, Tav' that would be equivalent to those of the design 
earthquake was presented by Seed (1976) and is as follows: 

where a 
max 

er 
0 

er I 

0 

T av 
o' 

0 

o.65 a max 
g 

0 
0 

7 
0 

maximum acceleration at ground surface 

total overburden pressure 

effective overburden pressure 

a stress reduction factor varying from one at 
the surface to a value of about 0.9 at a depth 
of 30 ft. 

( l ) 

Now the design accelerations of 5 and 10 percent of g are for rock or 
firm ground. When the motion propagates up through the tailings impoundment 
it may be amplified and the NBCC suggests a foundation factor of 1.5 for a 
depth of soft soil in excess of 50 ft. The amax value for use in equation 1 
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 tail logs while the lower dam wi 11 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: 
l) 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. 

l) 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 lT/Ft2 . The correction for 
confining pressure CN is shown in Figure 4. The stresses caused by the 
earthquake, T/0 1

0
, can be computed from Eq. 1. 
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The required Ni for the foundation soil during the active life of the 
mine can be estimated as follows: 

From Eq. l 
'I av 
~ 

0 

= o.65 (l.5)(.05) 
a 

0 

~ 
0 

.05 
a 

0 

OT 
0 

If the water table is close to the surface 0 o - 2 and taking rd at the 
OT 

0 

foundation level = 0.8, 'av= 0.08 and from Figure 3, the required N1 ~ 7. 
~ 

0 

If we wish to have a factor of safety of s ay 1 .3 against the occurrence of 

(2) 

liquefaction, then the required N1 ~ 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 a

0
/o' should now be close to unity and 

'av/0 1

0 
= 0.08 as before. The required glow 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. In 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 I 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 3° 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. I intend to initiate research into this topic. Lacking 
further evidence and based on the failure described by Wil Iiams, I 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, I 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, I suggest 
their slope be limited to 2 percent. 

Yours truly, ... 5 

P.M. Byrne 

PMB/sl 
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Tailing Dam Failure Case History 

By M P. A Williams. Associate Director 
Golder Associates 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 JO 
to 40 feet deep covering large areas - in this case ~f 
the order of 3,000 by 1,500 feet - and with a cross f"l! 
of about 3 to 4°, The pit floors consist of dense rla v­
ey sands with some cleaner sand lenses and some cement 
ing. The mined sand is not ground, but treated direct!) 
in the mill as mined. The objective of the tailir.g cis­
posal operation is simply to fill the pits back up tc 
initial ground level. 

The procedure initially adopted was to disd.argf 
the tailing from a single pipe at the lower edge of ch .. 
pit, see Figure No. 1. A beach and a pond quickly 
formed. Once the beach level had risen to ground lcvl'l. 
the pipe was moved upstream and filling of the pit ad­
vanced in this way. To minimize the frequency of movir.. 
the pipe, it became the practice to allow the beach co 
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. Tl:rr• 
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1,rns some segregat1on as the tailing slurry flowed across 
the heach, hut mo:;t of the sl1me :;ettled out in the pond. 
The re:;ult te11ded to be that deposition occurred over 
an ever thicker slimes layer as disposal progressed up 
the ,;lope. 

In August 1976, n failure of the localized embank­
ment occurred in Pit. No. 2. The mine is a remote, semi­
arid area and there wa:; no loss of life or damage to 
property a:;sociated with the event. 

Investigation drilling and resting in the vicinity 
of the failure yielded the grading envelope shown on 
Figure No. 2 for the sand deposited under beach condi­
tions. It can be seen co be a fine sand with the 4 to 
12 percent pas:;ing the 200 sieve mostly consisting of 
clay size particles. The drilling encountered clay 
layers (slimes) up to 4 to 5 feet within the deposited 
sand. The results of it in situ shear vane tests in 
the slimes are shown on Figure No. 3. Shear vane tests 
were also undertaken in the clayey :;ands and gave valve~ 
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 strength to in­
crease with depth to about 20 feet and to remain more or 
less constant thereafter. It was concluded that both 
the slimes and the clayey sands were behaving as normallv 
consolidated materials, and they were treated as such in 
subsequent stability and analyses. The Standard Pene­
tration Test blow counts recorded are also plotted on 
Figure No. 3. They were within the range o to 5 for the 
full depth tested. 

Conventional slip circle and wedge stability anal­
yses were undertaken usln& the desi gn s tr engths shown 
1n f"l gure N'o. 3. The dow11screom slope of the Local 11 1·~ 
embankment was of Lhe orde r of 5 or 5: 1 . The f r etboard 
m,d ncu ined dur in& tho; operation was of ten only a f .:..­
fe:e c an d sinci! fuirly heavy rain had occurred in rhe 
period l.::ading up co tht failuc;: thi: phreecic surface 
l.'85 r.ssumed co hn ve ueen at gcound l evel . In cheSl! c Ir­
cumstances, a factor of safety of less that unity was 
cbtair.ed in the analyses and it wa:; concluded that a 
slip failure had occured, a:; was supported by a vi~ual 
inspection of the failed area. 

Several alternative disposal strategies were put 
forward, mostly based on separating the slimes from the 
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sand fraction, and using the latter for embankment con­
strnction behind which the slimes would be stored. The 
separation could have been achieved either by using 
cyclon~s 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 40 (between 14 and 19:1), see Figure No. 
l(c). A minimum freeboard of 6 feet was specified. 
Conventional analyses gave a minimum factor of safety 
of two for this configuration. 

The installation of piezometers to monitor the 
phreatic surface was discussed, but large numbers 1o1ould 
have been required to cover tbe crest length of some 
J,000 feet and the eventual filled pit width of 1,500 
feet. The cost of this program was a significant fac­
tor once again, snd since conservative assumptions con­
cerning the phreatic surface had already been made, it 
was decided to proceed without them. 

Almos t e xact ly 12 0101\t hs later, another failut"e 
occ urred . 1'hr. cri:st hacl advunced some 650 feet up the 
s lope du r1-ng this perlod . From 1ci; appeara nc e afti!r­
war ds , the nuture and ex te n t of the i ailure we r e c le ar ­
ly differen t from rhe fir st one. the failed area wa s 
muc h large r. '!'hen: was ev i dence o f s ubstan tial up­
t hr usting a t the coe of the pi t and o f the mass movement 
of blocks downs lope . Boi l s occurred t n places on t he 
surface of the sand after the failure. 

Further investigation drilling and testing were 
CRrried out and quick response pie4ometera were pushed 
into deep slimes deposits in an adjacent pit, but the 
work only served to confirm the shear strengths obtained 
eRrlier and the assumed pore water pressure profile. 

At rhis scase l e ls assumed that fail ure occurred 
a s a reul c o f llqur: f act i on of t he t &111ng . lloweve r, 
no obv i ous r r lgger for Lh e liqutf ac cion i s a pparent . 
Ther-e wer e no se1smic s hocks r ecorded 1-n t he area . A 
~mall hul l dozer 1.•a.i employed vir t ually f ull t i me sprirnd­
ini; the s and in t he vicini ty of t he cres t, bu r l t i s 
ha rd co s ee how i t cou ld have pr ovi d ed the ene r gy nec-
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t 
essary to mobilize the failure. 

One possibility is that more permeable lenses in 
rhe railing sand or in the sands in the pit floor per­
~ it ced the full hydrostatic head from the pond to be 
:ransmitted to beneath the toe of 1.he slope. The 
·ipheaval nssocia ted with the relief of Lhia presaure 
:nuld then have triggered liquefaction. 

Current proposals to solve the problem include 
:!.e installation of piezometers - probably a limited 
::llfr.ber towards the toe of the pit aimed if possible at 
.rovid1ng forewarning of the build-up of artesian 
· ,·.Irr.static pressures both in and beneath the tailing -
.r.d modifications to the disposal method to try to 
oinimize pond development and increase the density of 
rr.e deposited tailing. 
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EA~1HlJ\JA~IS WHICH HAvt IJ[CIJHRE.ll l)Vfll THE Atlllvt JNTf.RVAL OF TIM~, 

THIS JS TOO SlrnRT A PE.fl!OIJ OF OHSFllVhllON Fll/l ACCllflATE PflflllrTJnNS ABOUT 
TECTONIC AClfV!TY, HtlWFVFRr !Hf PATA HAvE llFtN rRuCC.RSUl lU f'RDVllll 
AN E~TlMAlf OF Tflf l'n~Sl/JLt LfVFL llf lARTHflllAKI:. ACTIVITY lN T/lf NlAR 
FUTliRf ASSLIM[NG A CON111Jf/AllON OF Tiff STATISTICAL. PATH.RN LIF !Hf: PAS! 
YEAUS, ALIHllUGH PRfUICflfJllS Clf ACULEllATllHI U.Vfl.S MAY fl!: llAUt FLlR MANY 
PROHAllll!THS OF f.XCtEIJANCEr l/lf RfSllLTS FUR PROBALITIES LE.SS TtjAN UNE IN 
DNf HllNORf:IJ SHOlllP Rf 11:;Fri J'llli ('OllS!OrrlAlllE. CAllT!ON, 

!HF. FXIHP•E VALUE HrTHUDS lff STAT!SllCS AHF USED fOR 1Hf9E. CALCLILATIONS, 
1Hf sLnPf OF THE ClfHVf IS Ft1111rn llY A L~A8[ SIJllARf.S SOl.llT!ON Of THI:. DATA fOR 
THF vtAl<S WHF.N Til£Rt WAS H1IVITV AllllVF A FDrlJ THflf.SHn~u Ll:.Vfl, Tl1f 
CURVF JS Rtl'RtSENfll1 ~y lfll /'illJAT!rJN 

LOG(ACC) t r<OUl + ~r-LnGC-llH;(P)l) "" LN 

WHf.R[ NATllRAL LOGAf11TIH13 ARf' lJSfD, P lS THE f'RnBAAll !TY 1HAT ACC WILL NOT 
Bf tXCff_llfll IN I yHll, R JS Tl1~. RETURN f'IR!Ull (JN YEARS) DF ACCELtRAlllJN 
AMPL!TIJDE Loc;(hCC) AND Ul!JAL~ 111-P • "' 

FROM THJS T~rr ACCFLl'RAT JC1N AHl'I T 1Ull~. IS 

Ac c : r x P cl or; c AC c: J l v 

ANll !Hf IN1~N9TfY 

"3 LllGlil(ACCJ + q,S 

l IS TH~ INHNSJTY llV THf MCJDIFJfO M~llCALL! [NT[NSITY SCALL Of 1~3\ , IN 
!HE TAllU S !Hf: VAL.Lii [S R[ILINDEll TO 1 lif. Nt A Rt ST JNTf Gf R ANll f'R !NH il I N RUMAN 
NUMERALS, Af.C B THL ACCFLfflAT lnN AS A Pf RU.NTAGf llF 1;1lAV 11 Y, 

!Hf VAllf[!! Ill ACCft.fRATJOI~ L!STfO JN IAHLf 2 AHt flJR flHM Sflll, or~tll 
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