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SUMMARY 

WHITEHORSE COPPER MINE 
WHITEHORSE, YUKON 

CONCEPTUAL DECOMMISSIONING PLAN 

i 

The Whitehorse Copper Mine is located about six miles south of 
the city of Whitehorse, Yukon Territory on the western slopes of 
the Yukon River. The mine operated between 1967 until 1982. 
Whitehorse Copper Mines Ltd. is a wholly owned subsidiary of 
Hudson Bay Mining and Smelting Company Ltd. (HBM&S) . 

The mine site occupies a total area of about 800 acres, (320 Ha) 
The individual components from the mining activities, that will 
remain in this mine site area, after decommissioning activities 
are completed, will be: 

the Little Chief open pit and underground mine; 

the Little Chief rock pile; and 

the tailings impoundment system, including the water 
management structures. 

All buildings in the millsite area will have been removed, and 
the materials in the underground rock pile will have been used 
for site rehabilitation work. 

Gadsby Consultants Ltd. in association with Steffen Robertson and 
Kirsten have performed an evaluation of the factors affecting the 
long-term physical and chemical stability of the decommissioned 
mine site. The study has consisted of: 

a review of the investigations and studies carried out by 
Thompson Geotechnical Consultants Ltd; 

collecting samples of the mine tailings and rock for 
laboratory acid base accounting tests, and samples from 
surface water bodies and domestic supply wells, downstream 
of the site, to evaluate the chemical stability of the 
decommissioned site; 

performing engineering analyses to assess the long term 
stability of the earth and rock fill embankments, that 
contain the tailing impoundments; and 

evaluating the probable maximum flood and the routing of 
this flood through the tailings impoundment system. 

The results from these studies indicate that: 

Gadsby Cons.ult.a~t:.s :..r.d. in association wit:h Steffen Robertson & Kirsten (B.C.) :~c. 
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the tailings and rock materials are chemically stable and 
there is sufficient neutralizing capability to prevent the 
development of acid drainage; 

both surface and groundwater meet the CCREM drinking water 
guidelines, with the exception of seepage from the Little 
Chief rock pile. Although aquatic freshwater standards are 
not met in a few samples there are no streams in the 
drainage basin capable of supporting fish, and it is not 
anticipated that this water will pose a problem for wildlife 
preservation; 

surface drainage from the mine site will not have an impact 
on the Yukon River; 

the embankments that contain the tailings are considered to 
have acceptable factors of safety for long-term stability 
under both static and dynamic (earthquake) conditions; and 

the probable maximum flood can be routed through the 
tailings impoundment system without affecting the structural 
integrity of the embankments. 

HBM&S propose to complete the decommissioning activities on the 
minesite in 1992. The decommissioning work will include: 

the construction of spillways in the tailings impoundments; 

backfilling and regrading the tailings surface in the Old 
Pond impoundment, and the placement of fine rock fill in 
some areas to resist wind erosion of the tailings; 

regrading on the north slope of the Little Chief rock pile; 

removal of all the structures on the mill site and placement 
of sand and gravel, or fine rock fill, to cover concrete 
foundation pads; and 

monitoring the extent of ongoing ground collapse in the 
Little Chief open pit area; where found necessary, 
additional barriers or fences will be constructed to prevent 
inadvertent access. 

HBM&S propose to inspect the mine site area twice a year for a 
five year period, to monitor the effectiveness of the closure 
measures for the various components. As part of these 
inspections, water samples will taken for the first three years 
of the monitoring period. Results from site inspections and the 
water quality test data, together with an interpretation of the 
results will form the basis of an annual report, which will be 
submitted to interested agencies. 

Gadsby Consultar.~s L..~d. in asSociation :..vit:, Steffer. Robe~t.son :<i:-.:;r_e:\ (J.C.) ... ~ 



WHITEHORSE COPPER MINE 
CONCEPTUAL DECOMMISSIONING PLAN 

1.0 INTRODUCTION 

1 

At the request of Wayne W Fraser P.Eng, Hudson Bay Mining and 
Smelting Co.Ltd., (HBMS), Gadsby Consultants Ltd. in association 
with Steffen Robertson & Kirsten have performed a review and 
evaluation of the proposed decommissioning plan for the abandoned 
Whitehorse Copper Minesite, near Whitehorse, Yukon. The purpose 
of the review has been to develop reclamation objectives and 
identify the work necessary to decommission the minesite in such 
a manner that will: 

protect public health and safety; 

alleviate or eliminate environmental damage; and 

wherever practicable, allow a productive use of the land to 
its original condition, or an acceptable alternative. 

The review was carried out between the period July to September 
1991. The work has consisted of: 

a review of the detailed studies carried out for the 
minesite by Thompson Geotechnical Consultants Ltd, (TGC); 

a field reconnaissance by John Gadsby, P.Eng. and Adrian 
Chantler, P.Eng. on 4 and 5 July 1991; 

a field reconnaissance by John Gadsby on 14 to 16 August 
1991, and the collection of water samples from surface water 
bodies in the minesite area and domestic water supply wells 
downstream (east) of the mine site; 

photographs, taken from ground level and a helicopter to 
assist in preparing a record of the site conditions; and 

office engineering analyses and studies to assess the 
physical and chemical stability of the various structures 
that will remain on the site upon completion of the 
decommissioning plan. 

This report summarizes the results of the studies. The project 
area was separated into five components, namely: the open pit and 
underground mine; the mill site and the infrastructure; the 
Little Chief rock pile; the underground rock pile; and the 
tailings impoundment system. The pertinent factors, and the 
proposed decommissioning work for each of the five components are 
discussed. 

Gadsby Consultants Ltd. in association with Steffen Robertson & Kirsten (B.C.) Inc. 
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The report has been prepared in order that Hudson Bay Mining and 
Smelting can schedule and finalize the decommissioning 
activities. 

1.1 Documentation 

This report is presented in three documents. The text and 
Appendix A (project photographs) are included in Volume 1; 
Appendix B contains the 17 Drawings, (Volume 2), and Appendix C 
contains laboratory test data, (Volume 3) . 

2.0 PRE-MINING ENVIRONMENT 

2.1 Topography and Surficial Geology 

The Whitehorse Copper Minesite is located about six miles south 
of the city of Whitehorse, Yukon Territory. The study area is 
shown on Drawing 1, (Appendix B). A layout plan of the minesite 
facilities is shown on Drawing 2. Both the city and the minesite 
are in the Yukon River valley. The valley is about five miles 
wide. The Yukon River is at about elevation 2000 feet, and the 
mountains of the Coast Range, on either side of the valley, reach 
an elevation of 5000 feet. The valley has been glaciated, 
resulting in gently sloping valley sides. 

Photographs 1 an 2, (Appendix A) are aerial views which show the 
minesite relative to the Yukon River and the Alaska Highway. 
Photograph 3 is an aerial view of the minesite. 

The minesite is located at the foot of the east facing slope on 
the west side of the Yukon River valley, about 1.1 miles (1.5 km) 
west of the Yukon River. The relief within the minesite area, 
ranges from elevation 2700 feet, at the foot of the mountains, to 
about 2500 feet along the western boundary. 

A map of the surficial geology, as inferred from a study of 1951 
stereo air photographs, is shown on Drawing 3 together with the 
original topography for the area. The identity and nature of the 
surficial materials, as inferred from the air photographs, have 
been mapped using the Terrain Classification system for British 
Columbia (revised edition, 1988). 

The surficial geology consists of a complex series of glacial and 
postglacial drift. Bedrock is exposed in areas of high relief, 
near the open pit and under the Old Pond tailings impoundment. 
Glacial and post glacial features obscure the bedrock elsewhere. 
Lava flows are found in Crater Lake area and in the Miles Canyon. 
Lava flows may be intercalated with glacial drift in some areas, 
as observed at the south end of Miles Canyon (Wheeler 1961) . 

Ga~sby Consultants Ltd. in association with Steffen Robertson & Kirsten (B.C.) Ir 
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A cobbly, silty relatively dense glacial till overlies bedrock in 
areas of high relief, adjacent to the open pit and north towards 
the tailings impoundment. This till mantles the bedrock and 
varies in thickness from a few inches to several feet. Kame 
terraces consisting of poorly sorted sands and gravels, in units 
up to 100 feet thick, adjoin the till slopes. 

Overflow channels, formed during periods of high run-off 
immediately following glaciation, occur throughout the project 
area. The channels are mainly erosional; they have cut a series 
of fluvial terraces down towards the Yukon River. The original 
sediments along the Yukon River, NE of the minesite (Miles 
Canyon), consist of mainly glacial outwash sands and gravels 
deposited as the valley glaciers advanced; these deposits have 
been obscured but are exposed along the banks of the river. The 
deposits adjacent to the west bank of the Yukon River in the 
Miles Canyon are complex; they have been affected by ice collapse 
features and eskers. 

Geological sections, developed by TGC, through the A, B and 
Crater Lake valleys are shown on Drawings 4 and 5. 

2.2. Climate 

Meteorological records are available for the period 1951 to 1980. 

The mean annual temperature is 29.5° F (-1.2° C). In the summer 
period, the average daily high temperatures range from 65 to 75° 
F (18 to 24° C). In the winter period the average daily low 
temperature ranges from -6.7 to 13.0° F, (-12.0 to -25.00 C). 

Precipitation is low, with an average of 5.7 inches (145.5 mm) of 
rain per year, and 5.38 inches (136.6 mm) of snow. The total 
mean precipitation is 10.2 inches, (261. 22 mm) . 

2.3 Hydrology 

The drainage boundaries for both surface and groundwater prior to 
the development of the mine, as developed by TGC, are shown on 
Drawing 6. In the mine project area both surface and groundwater 
drain eastwards through three main watersheds, The Crater Lake, A 
Valley and B Valley from the foot of the mountains to the Yukon 
River. The groundwater boundaries closely follow the surface 
water boundaries. There are no well defined drainage courses 
west of the Alaska Highway and the Yukon River; surface water 
enters the Yukon River through the fluvial and glaciofluvial sand 
and gravel deposits. 

The A and B valley watersheds combine, at about the location of 
the Alaska Highway, and drain into the Yukon River in the Miles 
Canyon, over a distance of about 3000 feet. The Crater Lake 

Ga.dsOy C :ns~.:.tan:s :~:.~. -·· associ.atio:--: wi:.h Steffen ?.ober'':son & :<:.i~sten (B.::.) :r:c. 



watershed drains into the Yukon River over a distance of about 
2000 feet. 

2.4 Geochemistry 

No information is readily available on the geochemistry of the 
minesite area, prior to mining operations. 

2.5 Water Quality 

4 

No information is readily available on the water quality of the 
project area, prior to mining operations 

2.6 Seismic Exposure 

The National Building Code for Canada, 1985 Seismic Zoning Maps 
places the site in Zone 2, with a peak acceleration of 0.10 G. 

A seismic hazard assessment for the minesite has been carried out 
by the Pacific Geoscience Centre; results from this study 
indicate the following values: 

Probability of Exceedance 

Probability of Exceedance 
(50 years) 

Peak Horizontal Acceleration 

1:475 year 

10% 

0.099 G 

1:1000 year 

5% 

0.125 G 

Based upon the remoteness of the minesite and the low risk in 
terms of loss of life, the National Building Code recommend using 
the 10 percent probability of exceedance in 50 years, (1:475 year 
event) . 

2.7 Pre-mine Land and Water Use 

Prior to mining, the area is presumed to have been forested, 
similar to that of the adjacent areas. There were no commercial 
logging operations in the area. 

No permanent streams capable of supporting fish occur within the 
drainage basin of the minesite area. As noted in section 2.3, 
surface water from the minesite appears to enter the Yukon 
through the fluvial and glaciofluvial sand and gravel deposits. 
Domestic water supply for the homes located in the lower valley, 
to the north and north east of the minesite, is obtained from 
wells installed at depths ranging typically from 40 to 65 feet, 
and at depths of 165 and 400 feet at the Eioneer R.V. park. 

Gadsby Co;-rsc:~:.ar.:.s ~t;,. ~:: associatior .·with Steffen Robertson & Kirsten (B.C.) :r 
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There are no records of wildlife in the area prior to mine 
startup; wildlife density is presumed to have been low due to the 
proximity to Whitehorse. 

3.0 HISTORY OF MINE DEVELOPMENT 

New Imperial Mines, (formerly Imperial Mines and Metals, 1954) 
commenced construction of the 2000 ton concentrator and support 
facilities in the early 1960's. Production started from the 
Little Chief ore body in May 1967, followed by the open pit sites 
at War Eagle, Black Cub and Keenewaw. Milling was suspended in 
mid 1971 due to a shortage of ore. 

The company was reformed, in the spring of 1972, as Whitehorse 
Copper Mines. Development of the Little Chief underground mine 
commenced in early 1973. The mine was eventually closed in 
December 1982. 

4.0 DEVELOPMENT OF THE DECOMMISSIONING PLAN 

4.1 General 

The decommissioning plan for a mine must consider all components 
of the site, and for each component it must address chemical and 
physical stability; environmental impact and land use. 

For the Whitehorse Copper Mine, the area has been divided into 
five components, namely: 

The Little Chief Open Pit and Underground Mine; 

Millsite and Infrastructure; 

Little Chief rock pile; 

Underground rock pile; and 

Tailings Impoundment System. 

Each of these components is described in sections 5.2 to 
5.6. The long term aspects of the physical and chemical 
stability issues are described for each component, together 
with a description of the decommissioning activities that 
have been carried out, from 1982 to 1991, and the proposed 
future work. 

Gadsby Consultan~s ~tti. in a~sociation with Steffen Robertson & Kirsten (B.C.) Inc. 
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4.2 Chemical Stability 

Chemical stability issues include the potential for acid rock 
drainage, leaching of metals and flushing of mill reagents, or 
other chemicals, into the environment. 

The following samples were obtained from the Whitehorse Copper 
Minesite in August 1991 to assess the chemical stability of the 
tailings and mined rock piles and the migration of both surface 
water and groundwater from the minesite site into the downstream 
environments: 

tailings from the Old Pond and A Valley impoundments and 
rock from the Little Chief and Underground rock piles for 
acid base accounting tests; 

surface water from the lake and seepage water from the left 
(west) abutment above the B Valley impoundments for 
background water quality; 

surface water from the Old Pond and the B Valley pond, and 
from lakes and ponds downstream of the tailings and rock 
piles in the Crater Lake and A & B valley watersheds; 

groundwater from domestic water supply wells in residences 
and the Pioneer R.V. park to the east and downstream of the 

·minesite; and 

samples from the Yukon River both upstream and downstream 
from where minesite drainage enters the river. 

Locations of the water sampling sites are shown on Drawing 7. 
The laboratory test results are included in Appendix B together 
with laboratory test results from earlier work carried out by TGC 
and HBM&S. The results are summarized and discussed below. 

4.2.1 Tailings and Mine Rock Characteristics 

Results from the laboratory tests to evaluate the acid generation 
and neutralization potentials are shown on Table 4.1. 

Three samples of tailings have been tested, one in 1983 by HBM&S 
and two in 1991. The tailings exhibit an acid potential between 
~ to 6 kg CaC03 equivalent/ton. The neutralization potential is 
1n excess of 200 kg Caco3/ton, which will provide sufficient 
neutralization of any ac1d that may be produced. 

Gadsby·C:onsu.i..:a.nt.s .:...:.c.. ,..,. associar..:.on wi':!J Steffen Robertson & Ki·rsten (B.C.) ~ 
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PASTE so, s•- S (T) AP NP NNP NP/AP 
SAMPLE DATE pH (%) (%) (%) kgCaC03 kgCaC03 kgCaC03 

per ton per ton per ton 

Tailings Mar 83 0.2 5.3 80 74.7 15 

Old Pond Jul 91 9.3 0.19 <0.0 0.18 6 209 203 34 
Tailings 1 

'A' Valley Jul 91 9.1 0.13 <0.0 0.13 4 283 279 70 
Tailings 1 

L/C Rock Pile Jul 91 9.0 0.02 0.02 0.05 1 25 24 25 

U/G Rock Pile Jul 91 9.1 0.12 0.35 0.58 18 52 34 2.9 
Aug 91 9.0 0.06 0.21 0.27 8 68 60 8.5 

(U/G = underground; L/C = Little Chief) 

Table 4.1 Tailing and Rock Sample Characteristics 

Leach extraction tests, performed by HBM&S in 1983, indicated 
that although a fraction of the copper was solubilized under 
highly acidic conditions (pH 1.1), the copper did not dissolve at 
a pH less than 4.0, the conditions that were expected (in 1983) 
to occur in the impoundment. Currently the paste pH of the 
tailings is in the range of 9.1 to 9.3. 

The mineralogical analysis indicate that the tailings are 
comprised mainly of quartz, garnet and magnetite. These minerals 
are common to the Whitehorse area and they are benign. 

The three samples from the Little Chief and Underground mined 
rock piles produced neutralization potentials (NP) of 25, 52 and 
68 kg caco3 /ton. It is considered that sufficient alkalinity is 
provided to prevent the generation of acid drainage from the two 
mined rock piles. 

4.2.2 Water Quality 

The results from the water quality tests are presented on Tables 
4.2, 4.3 and 4.4 for samples taken in 1989, A/B watershed (1991), 
and the Crater Lake watershed (1991) respectively. The results 
from water samples taken in July 1991 are included in Appendix B; 
these samples were not correctly prepared, and consequently the 
results are questionable. 

:e;;.ci!?::>y<onsu_:a:c:..s .-~c .... associat:ion wit:h St:effen Robert:son & Kirsten (B.C.) Inc. 
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4.2.2.1 1989 Water Quality Data 

The results from the six water samples taken in 1989 (Table 4.2) 
indicate that the water largely complies with the Canadian 
Drinking Water Guidelines (CCREM 1987), with the following few 
exceptions: 

total dissolved solids for Copper Lake (675 mg/1) and Lower 
Crater Lake. (568 mg/1;-CCREM 500 mg/1); 

manganese in Copper Lake (1.24 mg/1; CCREM 0.05 mg/1), 
(manganese is not a toxic element; the limit is set for 
aesthetic reasons only); and 

pH 8.6 in the B Pond and pH 8.56 in the background water 
sample from the lake at elevation 2465; these data suggest 
that natural runoff in the area is alkaline. 

4.2.2.2 A and B Valley Surface Water Quality 

The results from 5 surface water samples taken in the A/B Valley 
watershed (Table 4.3) indicate that the water complies with the 
CCREM guidelines, with the exception of the Copper Lake sample 
( 91-11) , which marginally exceeded total dissolved solids, .(56 6 

mg/1) and manganese, (0.47 mg/1; CCREM 0.05 mg/1). These two 
parameters are primarily set for aesthetic reasons. Copper Lake 
receives local run-off and seepage from the A Valley impoundment. 
A comparison between the 1989 and 1991 water quality data in 
Copper Lake indicates a significant decrease in the manganese 
concentration from 1.24 to 0.47 mg/1. Manganese was not detected 
in the B Valley pond (sample 91-8) which receives water from the 
A Valley. Furthermore, the background water, (sample 91-9) above 
the B Valley shows an appreciable manganese concentration of 
0.012 mg/1. This data suggests that the high manganese 
concentration in Copper Lake may be a result of the local 
mineralogy . 

• 
The quality of the water in the B pond (sample 91-8) compares 
favourably with the background lake water (sample 91-9) and the 
seepage water, (sample 91-10). 

4.2.2.3 Crater Lake Surface Water Quality 

The results from 6 surface water samples taken in the Crater Lake 
watershed, (Table 4.4), indicate that water meets the CCREM 
drinking water guidelines with the following exceptions: 

total dissolved solids and sulphate concentrations in the 
sample off the Old Pond, ( 91-7) ; and 

Gadsby Cons;_;~:.ants w:..o. ~n association wit:. Steffen Ro:Oer::son & Kirsten (B.C.) :n 



Tab~e 4.2 1989 Water Qu~ity Data 
(Thompson Geotechnica~) 

SAMPLE Copper 
DESCRIPTION Guidelines (CCREM) * Lake 

Drinkinq Aquatic 
Water Fresh 

Sample Location water 91-11 

Date Aug17 

Time 

Physical Tests 

Conductivity mhos/em - - 675 
Total Dissolved Solids 500 - 675 
pH 6.5 - 8.5 6.5 - 9.0 8.33 
Total Suspended Solids - -
Dissolved Anions 

Alkalinity CaC03 - - 389 
Chloride Cl 250 - 19.5 
Fluoride F 1.5 - 0.12 
Sulphate S04 500 - 87.3 

Total Metals 

Aluminum T-Al - 0.1 -
Antimony T-Sb - - -
Arsenic T-As 0.05 o.os <0.001 
Bariilm T-Ba 1.0 - -
Beryllium T-Be - - -
Bismuth T-Bi - - -
Boron T-B 5.0 - -
Cadmium T-ed 0.005 0.0018 -
Calcium T-ea - - -
Chromium T-Cr 0.05 0.02 -
Cobalt T-eo - - -
Copper T-cu 1.0 0.004 0.008 
Iron T-Fe 0.3 0.3 0.11 
Lead T-Pb 0.05 0.007 -
Lithium T-Li - - -
Maqnesiilm T-Mg - - 27.7 
Manganese T-Mn 0.05 - 1.24 
Molybdenum T-Mo 0.25** 0.05** -
Nickel T-Ni - 0.11 -
Phosphorus T-P - - -
Potassium T-K - - -Selenium T-Se 0.01 0.001 -
Silicon T-Si - - -
Silver T-AQ 0.05 0.0001 -Sodium T-Na - - -
Strontium T-Sr - - -Thallium T-Tl - - -Tin T-Sn - - -
Titanium T-Ti - - -Tungsten T-W - - -Vanadium T-V - - -Zinc T-Zn 5.0 0.03 -

'B' Pond Bii 
Sprinqs 

91-8 

Aug17 Aug17 

589 321 
454 313 
8.6 8.43 

188 220 
1.6 0.25 

0.36 0.10 
153 9.63 

- -- -
<0.001 <0.001 

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

0.020 0.003 
0.037 0.048 

- -- -
51.1 10 

<0.003 <0.003 - -- -- -- -- -- -- -- -- -- -- -- -- -- -- -
Results expressed in milligrams per litre except for pH and conductivity. 
* Extracted from CCREM (1987) Guidelines 
** Swain (1986) 

9 

Pond Pond Lower 
2403 2465 Crater L. 

91-21 

Aug16 Aug16 Aug16 

383 325 600 
366 321 568 

8.26 8.56 8.61 

254 237 349 
1.5 1.47 13.3 
0.1 0.20 <0.05 

13.4 3.15 53.2 

- - -- - -
<0.001 <0.001 <0.001 

- - -- - -- - -- - -- - -- - -- - -- - -
0.003 0.003 0.003 

<0.030 0.099 <0.030 
- - -- - -

12.2 27.6 25.4 
<0.003 0.024 0.045 

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



Tab1e 4.3 A and B Val1ey Surface and Ground Water Qua1ity Data - 1991 

SAMPLE Guidelines Copper B/G Seepage 
DESCRIPTION (CCREM) * La lee Lalce' B' W.Abut 

Valley B dam 
Drinking Aquatic 

Water Fresh 
Sample Number water 91-11 91-9 91-10 

Date Aug15 Aug15 Aug15 

Time 

Physical Tests 

Conductivity umhos/cm - - 708 310 327 
Total Dissolved Solids 500 - 566 248 260 
pH 6.5 - 8.5 6.5 - 9.0 8.10 7.80 7.91 
Total Suspended Solids - - 3 13 <1 

Dissolved Anions 

Alkalinity CaC03 - - 317 169 187 
Chloride Cl 250 - 18 1.7 <0.5 
Fluoride F 1.5 - 0.28 0.15 0.1 
Sulphate S04 500 - 94 16.7 10.6 

Total Metals 

Aluminum T-Al - 0.1 <0.20 <0.20 <0.20 
Antimony T-Sb - - <0.20 <0.20 <0.20 
Arsenic T-As 0.05 0.05 0.0033 0.0001 0.0011 
Barium T-Ba 1.0 - 0.055 0.034 0.055 
Beryllium T-Be - - <0.005 <0.005 <0.005 
Bismuth T-Bi - - <0.10 <0.10 <0.10 
Boron T-B 5.0 - <0.10 <0.10 <0.10 
Cadmium T-ed 0.005 0.0018 <0.0002 <0.0002 <0.0002 
Calcium t-ea - - 101 41.1 59.1 
Chromium T-cr 0.05 0.02 <0.015 <0.015 <0.015 
Cobalt T-eo - - <0.015 <0.015 <0.015 
copper T-cu 1.0 0.004 <0.010 <0.010 <0.010 
Iron T-Fe 0.3 0.3 <0.030 0.114 <0.030 
Lead T-Pb 0.05 0.007 <0.001 <0.001 <0.001 
Lithium T-Li - - <0.015 <0.015 <0.015 
Maqnesium T-Mg - - 27.8 14.9 8.87 
Manganese T-Mn 0.05 - 0.472 0.012 <0.005 
Molybdenum T-Mo 0.25** 0.05** <0.030 <0.030 <0.030 
Nickel T-Ni - 0.11 <0.020 <0.020 <0.020 
Phosphorus T-P - - <0.30 <0.30 <0.30 
Potassium T-K - - 5.8 5.5 <2.0 
Selenium T-Se 0.01 0.001 <0.0005 <0.0005 <0.0005 
Silicon T-Si - - 8.45 1.51 5.19 
Silver • T-Ag 0.05 0.0001 <0.015 <0.015 <0.015 
Sodium T-Na - - 24.8 9.6 3.3 
Strontium T-Sr - - 0.785 0.239 0.228 
Thallium T-Tl - - <0.10 <0.10 <0.10 
Tin T-Sn - - <0.30 <0.30 <0.30 
Titanium T-Ti - - <0.010 <0.010 <0.010 
Tungsten T-W - - <0.10 <0.10 <0.10 
Vanadium T-V - - <0.030 <0.030 <0.030 
Zinc T-Zn 5.0 0.03 <0.005 <0.005 <0.005 

All results in milligrams per litre except for pH and conductivity 
* Extracted from CCREM (1987) Guidelines 
** Swain (1986) 

••s•• Dam BelowB Richards Boyd 
Pond Dam Well Well 

91-8 91-14 91-2 91-1 

Aug15 Sep03 Aug14 Aug14 

10:45 

358 362 383 401 
287 286 306 320 

8.16 7.60 7.68 7.71 
3 <1 <1 <1 

157 195 222 217 
<0.5 <0.5 0.6 1.7 

0.28 0.09 0.09 0.08 
47.4 12.3 9.7 15.9 

<0.20 -<0.20 <0.20 <0.20 
<0.20 <0.20 <0.20 <0.20 

0.0011 0.0009 0.0007 00005 
0.055 0.053 0.057 0.065 

<0.005 <0.005 <0.005 <0.005 
<0.10 <:0.10 <0.10 <0.10 
<0.10 <0.10 <0.10 <0.10 

<0.0002 <0.0002 <0.0002 0.0003 
38.5 66.2 67.1 67.6 

<0.015 <0.015 <0.015 <0.015 
<0.015 <0.015 <0.015 <0.015 

0.019 <0.010 0.047 0.014 
0.061 <0.030 <0.030 0.034 

<0.001 <0.001 <0.001 <0.001 
<0.015 <0.015 <0.015 <0.015 

23.5 10.9 12.1 12.5 
<0.005 <0.005 <0.005 <0.005 

0.043 <0.030 <0.030 <0.030 
<0.020 <0.020 <0.020 <0.020 

<0.30 <0.30 <0.30 <0.30 
5 <2.0 <2.0 <2.0 

<0.0005 <0.0005 <0.0005 <0.0005 
4.32 7.1 5.9 5.66 

<0.015 0.023 <0.015 <0.015 
7.4 4.3 3.9 4.2 

0.632 0.248 0.250 0.276 
<0.10 <0.10 <0.10 <0.10 
<0.30 <0.30 <0.30 <0.30 

<0.010 <0.010 <0.010 <0.010 
<0.10 <0.10 <0.10 <0.10 

<0.030 <0.030 <0.030 <0.030 
<0.005 <0.005 0.02 0.364 
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McKinnon 
Well 

91-3 

Aug14 

411 
320 

7.42 
<1 

235 
1.2 
0.1 

10.7 

<0.20 
<0.20 

0.0007 
0.086 

<0.005 
<0.10 
<0.10 

0.0003 
70.8 

<0.015 
<0.015 
0.028 
0.105 
0.001 

<0.015 
11.6 

0.061 
<0.030 
<0.020 
<0.30 

2.1 
<0.0005 

7 
<0.015 

5.7 
0.278 
<0.10 
<0.30 

<0.010 
<0.10 

<0.030 
0.419 



Table 4.4 Crater Lake Surface Water Quality Data - 1991 

SAMPLE Guidelines (CCREM) * Old Pond Little c. Borrow 
DESCRIPTION Pond Seepage Pit 

Drinking Aquatic N.of Rd. 
Water Fresh 

Location water 91-7 91-12 91-6 

Date Aug15 Aug16 Aug15 

Time 

Physical Tests 

Conductivity umhos/cm - - 1370 1010 791 
Total Dissolved Solids 500 - 1100 800 630 
pH 6.5 - 8.5 6.5 - 9.0 7.91 7.58 7.45 
Total Suspended solids - - 4 15 <1 

Dissolved Anions 

Alkalinity CaC03 - - 79.2 302 290 
Chloride Cl 250 - 3.4 7.4 12 
Fluoride F 1.5 - 1.21 0.15 0.17 
Sulphate S04 500 - 762 327 165 

.Total Metals 

Aluminum T-Al - 0.1 <0.20 <0.20 <0.20 
Antimony T-Sb - - <0.20 <0.20 <0.20 
Arsenic T-As 0.05 0.05 0.0005 0.0005 0.0006 
Barium T-Ba 1.0 - 0.024 0.102 0.14 
Beryllium T-Be - - <0.005 <0.005 <0.005 
Bismuth T-Bi - - <0.10 <0.10 <0.10 
Boron T-B 5.0 - <0.10 <0.10 <0.10 
Cadmium T-<:d 0.005 0.0018 0.0005 0.0002 <0.0002 
Calcium T-<:a - - 128 158 133 
Chromium T-<:r 0.05 0.02 <0.015 <0.015 <0.015 
Cobalt T-<:o - - <0.015 <0.015 <0.015 
Copper T-Cu 1.0 0.004 0.07 0.026 <0.010 
Iron T-Fe 0.3 0.3 0.072 0.372 <0.030 
Lead T-Pb 0.05 0.007 <0.001 0.001 <0.001 
Lithium T-Li - - <0.015 0.086 <0.015 
Maqnesium T-Mg - - 121 48.4 25.2 
Manqanese T-Mn 0.05 - 0.015 0.909 0.007 
Molybdenum T-Mo 0.25** 0.05** 0.284 <0.030 <0.030 
Nickel T-Ni - 0.11 <0.020 <0.020 <0.020 
Phosphorus T-P - - <0.30 <0.30 <0.30 
Potassium T-K - - 31 <2.0 4 
Selenium T-Se 0.01 0.001 0.0007 <0.0005 <0.0005 
Silicon T-Si - - 1.84 5.13 6.31 
Silver T-Ag 0.05 0.0001 <0.015 <0.015 <0.015 
Sodium T-Na - - 16.6 8.9 14.9 
Strontium T-Sr - - 7.16 0.943 0.784 
Thallium T-Tl - - <0.10 <0.10 <0.1.0 
Tin T-Sn - - <0.30 <0.30 <0.30 
Titanium T-Tl - - <0.010 <0.010 <0.010 
Tunqsten T-w - - <0.10 <0.10 <0.10 
Vanadium T-V - - <0.030 <0.030 <0.030 
Zinc T-Zn 5.0 0.03 <0.005 0.091 <0.005 

Results expressed in milligrams per litre except for pH and conductivity. 
* Extracted from CCREM (1987) Guidelines 
** Swain (1986) 

Borrow 
Pit 

S.E.ofRd 

91-S 

Aug15 

381 
305 

8.33 
<1 

56.8 
10.9 
0.12 
136 

<0.20 
<0.20 

0.0012 
0.048 

<0.005 
<0.10 
<0.10 

0.0002 
36.7 

<0.015 
<0.015 
<0.010 
<0.030 
<0.001 
<0.015 

19.7 
0.007 

<0.030 
<0.020 

<0.30 
2.2 

<0.0005 
1.85 

<0.015 
15.8 

0.414 
<0.10 
<0.30 

<0.010 
<0.10 

<0.030 
<0.005 
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Crater Lower Old 
Lake Crater Pond 

(Piez.) 

91-4 91-21 91-13 

Aug15 Sep03 Aug15 

09:45 

667 425 1910 
530 299 -

8.04 8.55 7.94 
3 12 -

283 163 -
11.8 8.4 -
0.15 0.16 -
109 38.2 1050 

<0.20 <0.20 -
<0.20 <0.20 -

0.0009 0.0014 -
0.116 0.043 -

<0.005 <0.005 -
<0.10 <0.10 -
<0.10 <0.10 -

<0.0002 <0.0002 -
99.3 54.4 -

<0.015 <0.015 -
<0.015 <0.015 -
<0.010 <0.010 -

0.039 <0.030 -
<0.001 <0.001 -
<0.015 <0.015 -

25.9 22.4 -
0.033 0.01 -

<0.030 0.035 -
<0.020 <0.020 -

<0.30 <0.30 -
3.4 2.7 -

<0.0005 <0.0005 -
6.95 4.39 -

<0.015 <0.015 -
16.9 18 -

0.705 0.557 -
<0.10 <0.10 -
<0.30 <0.30 -

<0.010 <0.010 -
<0.10 <0.10 -

<0.030 <0.030 -
<0.005 <0.005 -



'l'able 4.4 Crater Lake Ground Water Quality Data - 1991 

SAMPLE Lammers o. Boyd G. Boyd Dan Boyd Pioneer 
DESCRIPTION 65'Well 40'Well 50' Well 62'Well 165'Well 

Location 91-18 91-19 91-20 91-17 91-15 

Date Sep03 Sep03 Sep03 Sep03 Sep03 

Time 12:55 13:15 13:35 12:30 11:45 

Physical Tests 

Conductivity umbos/em 500 416 419 461 605 
Tota.l Dissolved Solids 388 326 323 353 437 
pH 7.76 7.73 7.65 7,66 7,76 
Total Suspended Solids <1 <1 3 <1 3 

Dissolved Anions 

Alkalinity CaC03 258 220 210 237 250 
Chloride Cl 2 2.6 5,7 2.4 32 
Fluoride F 0.13 0.13 0.11 0.1 0.12 
Sulphate S04 23.2 15.3 17.7 17.2 31.3 

Total Metals 

Aluminum T-Al <0.20 <0.20 <0.20 <0.20 <0.20 
Antimony T-Sb <0.20 <0.20 <0.20 <0.20 <0.20 
Arsenic T-As 0.0016 0.0014 0.0016 0.0016 0,0008 
Barium T-Ba 0,065 0.065 0.054 0.06 0.09 
Beryllium T-Be <0.005 <0.005 <0.005 <0.005 <0.005 
Bismuth T-Bi <0.10 <0.10 <0.10 <0.10 <0.10 
Boron T-B <0.10 <0.10 <0.10 0.13 <0.10 
Cadmium T-Cd <0.0002 <0.0002 <0,0002 <0,0002 <0.0002 
Calcium T-ea 64.7 57.2 57.3 63.6 86.3 
Chromium T-cr <0.015 <0.015 <0.015 <0.015 <0.015 
Cobalt T-eo <0.015 <0.015 <0.015 <0.015 <0.015 
Copper T-cu 0.143 <0.010 <0.010 0.082 0.605 
Iron T-Fe <0.030 0.058 <0.030 <0.030 <0.030 
Lead T-Pb <0.001 0.001 <0.001 0.002 0.037 
Lithium T-Li <0.015 <0.015 <0'.015 <0.015 <0.015 
Magnesium T-Mg 27.3 19.7 20.5 23.3 25 
Manganese T-Mn <0.005 <0.005 <0.005 <0.005 0.101 
Molybdenum T-Mo <0.030 <0.030 <0.030 <0,030 <0.030 
Nickel T-Ni <0.020 <0.020 <0.020 <0.020 <0.020 
Phosphorus T-P <0.30 <0.30 <0.30 <0.30 <0.30 
Potassium T-K 2.3 2.2 2.7 2.3 2.9 
Selenium T-Se <0.0005 <0.0005 <0.0005 <0.0005 <0.0005 
Silicon T-si 6.62 6.74 6.93 6.78 6.89 
Silver T-Ag <0.015 <0.015 <0.015 <0,015 <0.015 
Sodium T-Na 10.8 8.9 9.6 9.8 14.5 
Strontium T-Sr 0.42 0.269 0.29 0.378 0.671 
Thallium T-Tl <0.10 <0.10 <0.10 <0.10 <0.10 
Tin T-Sn <0.30 <0.30 <0.30 <0.30 <0.30 
Titanium T-Ti <0.010 <0,010 <0.010 <0.010 <0.010 
Tungsten T-w <0.10 <0.10 <0.10 <0.10 <0.10 
vanadium T-V <0.030 <0.030 <0.030 <0.030 <0.030 
Zinc T-Zn 0.07 0.177 0.012 0.051 0.106 

Results expressed in milligrams per litre except for pH and conductivity. 
* Extracted from CCREM (1987) Guidelines 
** Swain (1986) 
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Pioneer 
400'Well 

91-16 

sep03 

11:45 

416 
322 

8,06 
<1 

196 
8.1 

0.18 
28.6 

<0.20 
<0.20 

0.0006 
0.043 

<0,005 
<0.10 
<0.10 

<0.0002 
54.6 

<0.015 
<0.015 
0.023 

<0.030 
0.012 

<0.015 
17.5 

0.235 
<0.030 
<0.020 

<0.30 
<2.0 

<0.0005 
7.32 

<0,015 
18.6 

0.434 
<0.10 
<0.30 

<0,010 
<0.10 

<0.030 
0,587 



Table 4. 5 Yukon River Water Quality Data - 1991 

SAMPLE Guidelines (CCREM) * Pump Miles Schwatka 
DESCRIPTION House Canyon Lake 

Drinking Aquatic 
Water Fresh 

Location water 91-22 91-23 91-24 

Date Oct 16 Oct 16 Oct 16 

Time 12:45 13:30 14:00 

Physical Tests 

Conductivity umhos/cm - - 96.0 94.0 94.0 
Total Dissolved Solids 500 - 67 68 68 
pH 6.5 - 8.5 6.5 - 9.0 7.86 7.91 8.02 
Total suspended Solids - - <1 2 1 

Dissolved Anions 

Alkalinity CaC03 - - 44.7 44.4 44.5 
Chloride Cl 250 - <0.5 <0.5 <0.5 
Fluoride F 1.5 - o.o8 o.o8 o.o8 
Sulphate S04 500 - 5.2 5.9 5.9 

Total Metals 

Aluminum T-Al - 0.1 <0.20 <0.20 <0.20 
Antimony T-Sb - - <0.20 <0.20 <0.20 
Arsenic T-As 0.05 0.05 0.0003 0.0002 0.0002 
Barium T-Ba 1.0 - 0.026 0.026 0.026 
Beryllium T-Be - - <0.005 <0.005 <0.005 
Bismuth T-Bi - - <0.10 <0.10 <0.10 
Boron T-B 5.0 - <0.10 <0.10 <0.10 
Cadmium T-ed 0.005 0.0002 <0.0002 <0.0002 <0.0002 
Calcium T-ea - - 15.1 14.8 14.8 
Chromium T-cr 0.05 0.02 <0.015 <0.015 <0.015 
Cobalt T-eo - - <0.015 <0.015 <0.015 
Copper T-cu 1.0 0.002 <0.010 <0.010 <0.010 
Iron T-Fe 0.3 0.3 0.048 0.044 0.036 
Lead T-Pb 0.05 0.001 <0.001 <0.001 <0.001 
Lithium T-Li - - <0.015 <0.015 <0.015 
Magnesium T-Mg - - 2.95 2.89 2.89 
Manganese T-Mn 0.05 - <0.005 <0.005 <0.005 
Molybdenum T-Mo 0.25** 0.05** <0.030 <0.030 <0.030 
Nickel T-Ni - 0.025 <0.020 <0.020 <0.020 
Phosphorus T-P - - <0.30 <0.30 <0.30 
Potassium T-K - - <2.0 <2.0 <2.0 
Selenium T-Se 0.01 0.001 <0.0005 <0.0005 <0.0005 
Silicon T-Si - - 1.48 1.43 1.44 
Silver T-Ag 0.05 0.0001 <0.0001 <0.0001 <0.0001 
Sodium • T-Na - - <2.0 <2.0 <2.0 
Strontium T-Sr - - 0.076 0.073 0.075 
Thallium T-Tl - - <0.10 <0.10 <0.10 
Tin T-Sn - - <0.30 <0.30 <0.30 
Titanium T-Ti - - <0.010 <0.010 <0.010 
Tungsten T-W - - <0.10 <0.10 <0.10 
Vanadium T-V - - <0.030 <0.030 <0.030 
Zinc T-Zn 5.0 0.03 <0.005 <0.005 <0.005 

Results are expressed in milligrams per litre except for pH and conductivity 
* Extracted from CCREM (1987) Guidelines 
** Swain (1986) 
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total dissolved solids, (800 ppm), iron (0 .372 mg/1) and 
manganese (0.909 mg/1) in the seepage water from the Little 
Chief rock pile, (sample 91-12) . 

Aquatic water standards were not met in all parameters tested in 
the water off the Old Pond (sample 91-7). Seepage from the 
Little Chief rock pile, (sample 91-12) did not meet CCREM 
drinking water guidelines for total dissolved solids (800 ppm), 
iron (0.372 mg/1) and manganese (0.909 mg/1), and aquatic 
freshwater guidelines for copper (0.026 mg/1), iron (0.372 mg/1) 
and zinc (0.091 mg/1). 

4.2.2.4 Groundwater Quality 

The results from a total of 9 domestic water supply wells, 3 from 
the A/B Valley and 6 from the Crater Lake watershed are shown on 
Tables 4.3 and 4.4. The wells in the A/B Valley are located at a 
distance of about 3200 feet "downstream" from the tailings 
impoundments; the wells in the Crater Lake watershed are about 
6000 feet "downstream" of the Old Pond tailing impoundment, 
(Drawing 8). There is no readily available data on the quality 
of the groundwater prior to the development of the tailing 
impoundments. The 1991 test results indicates that water from 
the wells all meet the CCREM drinking water guidelines with the 
sole exception of manganese in the two wells in Pioneer R.V. 
Park, (0.101 and 0.235 mg/1: CCREM 0.05 mg/1), which may be a 
result of the localized mineralogy. 

4.2.2.5 Yukon ,,River 

Three samples were taken from the Yukon River in October 1991, 
(samples 91-22, 23 and 24). Sample 91-22 was taken upstream of 
where the Crater Lake and A/B Valley watersheds drain into the 
river, 91-23 was taken in ~he "drainage zone" from the mine site, 
and 91-24 downstream of thci "drainage zone". Locations of these 
samples are shown on Drawing No. 8. The laboratory test results, 
shown on Table 4.5, indicate that the water meets CRREM aquatic 
freshwater guidelines for the parameters tested; there is no 
apparent evidence that seepage from the minesite has affected the 
quality of the water in the Yukon River. 

4.2.2.6 Impact on the Yukon River 

Surface drainage off the site, from the A/B Valley and the Crater 
Lake watersheds, have been measured during the period 1980 to 
1987, by TGC (Appendix C). Field measurements indicate that the 
maximum flo~s occur in May, and th~ combined flow f7om the two 
watersheds ~s of the order of 1x10 2 mj/sec. A typ~cal flow in 
the Yukon River in May is 140 m3 /sec, which provides a dilution 
ratio of about 2000. Since the site surface water quality 
closely approximates the freshwater aquatic life guidelines, the 

Gadsby Consultants Ltd. in association with Steffen Robertson & Kirsten (B.C.) In 
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high dilution ratio will ensure that surface drainage will not 
impact on the Yukon River. 

4.2.3 Chemical Stability of the Whitehorse Copper Minesite 

The results from the tailing, mined rock piles surface and 
groundwater samples, discussed above in sections 4.2.1 and 2, 
indicate that: 

5.0 

5.1 

the tailing impoundments and the mined rock materials on the 
site are chemically stable and there is sufficient 
neutralizing capability in the materials to prevent the 
development of acid drainage; and 

both surface and groundwater meet CCREM drinking water 
guidelines, with the exception of seepage from the Little 
Chief rock pile, (Sample 91-12 iron and manganese); trends 
observed from the available data indicate improvement in the 
water quality from 1987 to 1991. 

although aquatic freshwater standards are not met in a few 
samples, there are no streams in the drainage basin capable 
of supporting fish; seepage from the Little Chief rock 
pile, (sample 91-12) did not meet the aquatic guidelines for 
copper, iron and zinc, however, it is not anticipated that 
this water will pose a problem for wildlife preservation; 
and 

surface drainage will not have an impact on the Yukon River. 

MINE COMPONENTS FOR DECOMMISSIONING 

General 

A general layout plan of the project area is shown on Drawing 2. 
Photographs Nos 4 to 47 inclusive, illustrate the separate 
aspects of the project area, (Appendix A) . 

The long term aspects of physical and chemical stability, 
decommissioning work, and proposed activities to close down the 
various components of the minesite are described in sections 5.2 
to 5.6. Section 5.7 reviews and comments on the landslides that 
occurred in the Miles Canyon in 1968. 

5.2 Little Chief Open Pit and Underground Mine 

This component is located at the southern end of the mine site 
area. The component includes: the Little Chief open pit; the 
Little Chief and Middle Chief A and B zones in the underground 
Mine; ·the Portal and Decline to the underground operations; and 
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the Mine Shaft and Vent Raise. A plan and section through the 
Open Pit and Underground mine are shown on Drawing 8. 
Photographs 4 to 12 inclusive illustrate the present conditions 
in the area. 

The open pit has a plan area of approximately 14 acres. The pit 
is approximately 1000 feet long and 600 feet wide, and a maximum 
depth of about 300 feet. The rim of the pit is generally at 
elevation 2700 feet. 

Underground mining in the Little Chi~f ore zone was extended 
below the open pit down to elevation 1400 feet. The Middle Chief 
A and B zones were taken.down to about elevation 1800 feet. The 
underground crusher, was located at elevation 1300 feet. The 
Middle Chief ore zones were approximately 350 feet long, 50 feet 
wide and 350 feet deep. The underground ore bodies were mined by 
sub-level blast hole and vertical-crater-retreat mining systems. 
The underground workings were not backfilled, other than the 
materials that collapsed into the openings. 

5.2.1 Mine and Ventilation Shafts and Portal 

The shaft is located at the northern end of the orebodies. The 
shaft is a 14 foot diameter circular structure, that extends down 
from ground surface, at elevation 2708 feet to elevation 1450 
feet, a total depth of 1250 feet. The shaft is lined with 
concrete from the ground surface down to the 1700 foot level. 

The ventilation shaft was located about 600 feet north of the 
open pit and connected to the main decline at the 2300 foot 
level. 

The portal to the decline is located about 2500 feet 
open pit. The elevation at the portal is 2640 feet. 
was relatively straight to the 2130 foot level, then 
north and south through the ore bodies. 

north of the 
The decline 

traversed 

The walls of the open pit and the underground mining have 
collapsed since the cessation of mining. The approximate extent 
of ground movement is shown on Drawing 8. Ground subsidence has 
occurred over an area of approximately 50 acres. Fissures have 
occurred at the ground surface, adjacent to the open pit and a 
sinkhole has developed about 100 feet south of the south wall, 
(photographs 7,8,9 and 10). HBM&S have fenced off, and have 
maintained the fencing around the areas affected by the collapse 
of the open pit and underground mining operations, (photographs 6 
and 11) . 

There is (August 1991) a small body of water at the bottom of the 
open pit; the depth of the water and its quality are not known. 
There was no readily apparent evidence of seepage of water from 
the walls of the pit, and there was no evidence of seepage from 
the portal to the decline. 
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5.2.2 Decommissioning Activities 

The following decommissioning work has been carried out by HBM&S 
in the Little Chief open pit and underground mine area. 

5.2.2.1 Physical Stability 

The area in which ground collapse and slope instability have, and 
are taking place has been fenced off to prevent inadvertent 
access by the public. The fencing has been kept a minimum 
distance of generally 50 feet from any indications of unstable 
slopes or collapsing ground. The security fence is ihown on 
photographs 4,5,6 and 11. 

Detailed engineering studies to predict the possible extent of 
the land that may be subjected to ground collapse, using readily 
available mine records, have not been carried out at present. 

HBM&S propose that for the long-term decommissioning plan an 
engineering assessment will be made of the possible extent of 
the ground area that may be subject to collapse, fencing will 
where found necessary and practicable be placed a minimum of 
fifty feet beyond that boundary, and stakes and hubs installed to 
monitor any ground movements for a period of 5 years. A survey 
will be carried out annually. The fencing will be maintained 
during the monitoring period. 

5.2.2.2 Portal to the Decline 

The portal was. located about 2500 feet north west of the open 
pit, (Drawing 8) . The portal was approximately 17 feet wide x 13 
feet high. The decline was 13 feet wide by 11 feet high and it 
was unlined. We understand that in 1983 the portal was plugged 
with sand and gravel for a 200 foot distance from the entrance, 
followed by a facing of waste rock to prevent inadvertent access. 
A view of the closed off portal site is shown on photograph 12. 

5.2.2.3 Mine Shaft 

Access to the underground mine was provided by a 14 ft. diameter 
concrete-lined circular shaft divided into two compartments. The 
shaft is located about 800 feet northwest of the Little Chief Pit 
open pit. The collar elevation was at 2708 feet. We understand 
that the shaft was sealed in 1983 by installing a reinforced 
concrete plug about 8 feet thick, approximately 6 feet below the 
ground surface. The 6 foot void above the plug was backfilled to 
the ground surface with sand and gravel. 
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5.2.3 Chemical Stability 

There are, at present, no available records to indicate if 
groundwater was encountered in the open pit or underground 
operations. The topography of the site is such that any water 
from the mine will not enter into the surface or near surface 
groundwater system. There is no evidence that any groundwater 
from the mining operations is presently entering the environment. 

5.3 Mill Site Area and Infrastructure 

The mill site area is located at the southern end of the project 
area and west of the open pit. A plan of the mill site area is 
shown on Drawing 8. General views of the mill site area, taken 
in August 1991, are shown on photographs 5, 13, 14 and 15. The 
millsite area occupied a total area of about 50 acres, and 
generally at elevation 2650 feet. 

There were originally 13 main buildings on the site plus the 
ancillary buildings. Since 1988 HBM&S have been steadily 
arranging for the buildings to be demolished by private 
organizations. Where practicable, all the structural components 
have been salvaged and materials removed from the site. 

A list of the buildings, the main construction materials and the 
present status is shown on Drawing 8. As of September 1991, 
there are 3 main buildings and their associated structures to be 
removed from the site, namely: the fine ore bin; the crusher 
building and the head frame. The former powder magazine, a 
wooden framed structure, is located on the Keeniwaw haul road 
about 4000 feet east of the open pit. This building has been 
sold to Titan explosives of Calgary; there are no explosives or 
chemicals stored in the building. 

It is planned that all the structures will be removed by the Fall 
of 1992. 

5.3.1 Decommissioning Activities 

All buildings will be disassembled and removed from the site. 
Concrete foundation walls, presently protruding above the ground 
level, will be knocked down and the areas covered with chemically 
stable waste rock and or sand and gravel. Near surface culverts 
under the roads in the millsite area will be removed and the 
natural drainage channels restored. 

Power lines owned by Whitehorse Copper will be disconnected and 
the poles and cables destroyed, and or removed from the site. 

At present, a quantity of PCB electrical equipment is stored in 
the approved manner on the concrete base pad of the former assay 
laboratory building, (building #6) . It is intended that the 
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materials will be removed from the site and shipped to a licensed 
waste disposal facility. 

There is no record, or readily apparent evidence of any residual 
products from any chemical spills in the millsite area. 
Contamination of the soils in the area is, therefore, not 
expected. 

The final stage of decommissioning work in the millsite area will 
be to contour the soils and rock waste materials, used to cover 
the building foundations, so that they blend in with the natural 
topography and direct surface drainage into natural channels 
downstream of the site. 

5.4 Little Chief Rock Pile 

The Little Chief rock pile is located at the southern end of the 
mine project area, immediately east of the open pit. A plan and 
sections through the rock pile are shown on Drawing 9. 
Photographs 16, 17 and 18 illustrate the rock pile. The rock 
pile was formed by end-dumping the rock directly from the mine 
trucks. 

The rock pile contains about 8 million tonnes of material, 
consisting predominantly of barren rock. 

The rock pile occupies an area of approximately 17 acres. The 
top of the rock pile is at about elevation 2690 feet. The 
surface of the pile was graded in 1989 to provide a top level 
area, generally at elevation 2690 feet, which covers about 14 
acres. The rock pile has a maximum height of about 90 feet. 

The rock pile is founded upon a mantle of till, generally less 
than 3 feet thick, overlying bedrock and or bedrock, (Drawing 3) 
From a study of the original site topography, it is apparent that 
the rock pile is not loca~ed upon any streams or drainage 
channels. 

The grading of the rock pile has resulted in side slopes over the 
southern and eastern faces of about 3.5 to 4.0 horizontal to 1 
vertical in the upper 50 feet, steepening to about 1.2 horizontal 
to 1 vertical over the lower 25 to 40 feet. The northern face of 
the rock pile was not graded in 1989 and presently slopes at 
about 1.1 horizontal to 1 vertical over the 85 foot high face. 
The northern face constitutes about 20% of the total side face of 
the rock pile. 

There are no readily apparent signs of instability within the 
rock pile, or in its foundation material, (August 1991). There 
are no tension cracks or indications of seepage or a high water 
Table within the pile. 
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The top surface of the pile, and the upper graded slopes, consist 
mainly of materials ranging from 6 inches down to sand sizes. 
The lower steeper slopes contain rocks up to about 6 feet in 
size; the rocks are angular and there is no apparent indication 
of weathering or breakdown of the materials. 

The catchment area for the rock pile is essentially the plan area 
of the pile, and water does not pond on the surface. A small 
pond, located at the toe of the east face (Drawing 9), receives 
seepage water from the rock pile. At the time of the inspection 
in August 1991, there were no other indications of seepage from 
the pile. 

Inspection of the Little Chief rock pile shows that in the 2 
years since surface regrading activities, grasses and small 
shrubs are developing on the top surface and upper slopes, see 
photograph 18. · 

5.4.1 Decommissioning Activities 

HBM&S propose to grade the northern face of the rock piles to 
generally the same slopes as the eastern and southern faces. The 
small pit excavated at the top of the pile for miscellaneous 
metal waste will be covered over, and the site graded to blend in 
with the surface topography. It is proposed that site grading 
activities to flatten the northwest slope be continued in 1992. 

5.4.1.1 Physical Stability 

The rock pile is stable. The lower steeper portion of the rock 
pile is judged to have a factor greater than 1.4 under static 
conditions. This value has been obtained from consideration of 
the rock material and the appearance of the slopes. Detailed 
evaluations of stability under seismic loading have not been 
carried out. Based upon the results of studies carried out for 
other projects, gross instability of the relatively flat slopes 
of the Little Chief rock pile will not occur. It is likely that 
some displacement of the lower steep (1.2 h to 1.0 v) 25 foot 
high slope may occur and that isolated blocks of rock may roll 
down to the toe. These occurrences are not considered to 
constitute a hazard to public health and safety. 

5.4.1.2 Chemical Stability 

The results from an acid base accounting test on a rock sample 
and seepage water from the rock pile are discussed in section 
4.0. The result indicates there is sufficient alkalinity in the 
rock material to prevent acidic drainage. 
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5.4.1.3 Land Use 

Based upon the field observations that natural grasses and shrubs 
are self propagating on the surface and flatter slopes of the 
rock pile, it is not considered necessary to attempt to establish 
a vegetative cover. 

5.5 Underground Rock Pile 

The underground rock pile is located northwest of the Little 
Chief rock pile and east of the open pit. The location of the 
rock pile is shown on Drawing 8 and on photograph 5. 

The underground rock pile contains several hundred thousand yards 
of waste rock from the underground workings. The pile is a 
sidehill dump, and presently lies at slopes as steep as 1.1 
horizontal to 1 vertical. Based upon the results from samples 
taken from the surface of the dump, the material consists 
primarily of rock particles smaller than 3 inches, and less than 
5% passing the 1200 sieve size. Results from a laboratory 
gradation test are included in Appendix C. 

Two samples of the underground waste rock were subjected to acid 
base accounting analyses. One sample consisted of a piece of 
rock taken from the surface of the pile. The second sample was a 
portion of the material used for the gradation test. The results 
from these tests are included in Appendix C. 

The results from the acid base account analyses indicate that the 
waste rock from the underground operations is highly alkaline 
with a neutralization potential of at least 52 kg Caco3 per ton 
of rock. The results from the testing program indicate that the 
underground waste rock pile consists primarily of material in the 
"sand and gravel" size range; it is also considered to be 
chemically stable and may be used on the site for rehabilitation 

· activities. 

5.5.1 Decommissioning Activities 

It is intended to use the underground waste rock for site 
rehabilitation material for reclamation activities at the mill 
site area, (see section 5.3) and on the tailings pond, (see 
section 5.5). The material will be taken from the pile and the 
remaining slopes of the pile will be graded so that they are no 
steeper than 3 horizontal to 1 vertical. 

Based upon observations at the Little Chief rock pile, it is 
expected that natural grasses and shrubs will, with time, develop 
on the final slopes of the underground rock pile. Seeding of the 
slopes is, therefore, not considered to be necessary. 
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5.6 Tailings Impoundment System 

5.6.1 General 

The tailings impoundment system consists of three storage areas, 
The Old Pond, and the A and B Valleys. The locations of these 
storage areas are shown on Drawings 1 and 2. and on the 
photographs 3 and 4. The three impoundments were developed in 
stages over the life of the mine. 

The three impoundments occupy an area of approximately 185 acres, 
and store about 10 million cubic yards of tailings. The plan 
area and volume of tailings stored for each of the three 
impoundments are summarized below. 

Impoundment Area (Acres) Volume (cubic yards) 

Old Pond 135 6.5 million 

A Valley 30 2.5 million 

B Valley 20 1.0 million 

Total 185 10.0 million 

5.6.2 Old Pond 

The plan for the Old Pond impoundment is shown on Drawing 10; 
sections through the perimeter embankment are shown on Drawing 
11. Photographs 19 to 26 illustrate various features of the Old 
Pond impoundment. 

The Old Pond impoundment is approximately elliptical_ in plan, 
with a maximum dimension of 3000 feet (north-south), and about 
2400 feet, east-west. The surface elevation of the tailings is 
generally between 2600 and 2575 feet, (Drawing 10) . The tailing 
deposits are between 30 to 65 feet thick. 

The tailings are contained by constructed sand and gravel 
embankments on the south, east and north boundaries and by the 
natural topography on the west boundary. The embankments range 
in height from about 20 to 68 feet. The tailings are generally 
about 2 feet or less below the crest of the perimeter 
embankments. 

Foundation deposits in the Old Pond area consist primarily of 
till, or a till mantle (less than 3 feet thick) overlying 
bedrock, (Drawing 3) . 

Gadsby Consul~ants Ltd. in association with Steffen Robertson & Kirsten (B.C.) In 



23 

The results from the 1982 drill hole program indicate that the 
perimeter embankments have been developed utilizing the 
"downstream" construction technique. The embankments are 
constructed almost entirely from sand and gravel borrow 
materials; waste rock has been used in some locations near to the 
"downstream" toe, (photographs 19, 20, 22, and 23. The results 
from standard penetration tests indicate that the granular 
materials are in medium to dense state, with occasional lenses or 
layers of loose material. The "downstream" slopes of the 
perimeter embankment range from 1.4 to 1.8 horizontal to 1 
vertical; the average slope is about 1.5 horizontal to 1 
vertical. 

The southern areas of the tailings surface have a fairly uniform 
slope. The eastern areas, near to the perimeter dyke, are 
undulating with a height range of about 5 feet. A small pond has 
formed in the south east area; the pond is approximately 100 feet 
wide by 200 feet long, and about 3 feet deep (photographs 19 and 
26) . 

Within the tailings impoundment there is a system of internal 
dykes that have been constructed upon the tailings; the dykes 
divide the impoundment into 4 separate surface drainage areas. 
Channels have been cut in the dykes to allow surface water to 
drain off the old pond, (Drawing 10 noted as spillways 1 to 7 
inclusive ~nd photographs 19,20 and 21). 

A total of 11 standpipe piezometers were installed around the 
perimeter of the Old Pond in 1982 (Drawing 8) . Readings taken 
from 1983 through to August 1991 indicate that the tailings are 
drained; the water level within the tailings is at, or within 1 
foot above the base of the tailings and the perimeter 
embankments. 

There are no indications of instability to the perimeter 
embankments. The toe of the embankment above the A Valley is 
damp, suggesting seepage; the toe of the embankment in this area 
is composed of rockfill and there are no signs of piping or 
instability of the toe, (photographs 23 and 25) . 

The remnants of a 12 inch diameter steel decant line occurs 
the south east corner of the impoundment, (photograph 24) . 
understood that the decant line runs through the base of the 
embankment into the Crater Lake drainage. 

5.6.3 A and B Valleys 

in 
It is 

The A and B Valley impoundments lie north of the Old Pond; the 
surface elevation of the tailings in both impoundments is 
generally at about elevation 2500 feet. The tailing deposits are 
contained by earth and rockfill embankments at the northern end 
of the impoundments and by the till and or sand and gravel 
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Valley impoundments is shown on Drawing 12. 

5.6.4 A Embankment Dam 
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The plan and section of the A embankment are shown on Drawing No. 
13. General views of the A embankment are shown on photographs 
27 to 33 inclusive. 

The embankment dam in the A valley has a maximum height of 
about 115 feet, and a crest length of about 600 feet, at 
elevation +/- 2515 feet; the tailings have a maximum depth of 
about 90 feet upstream of the embankment. The tailings are about 
17 feet lower than the crest of the embankment, (photograph 32). 

The embankment consists of an impervious till core with a 
nominally 30 feet thick downstream shell of sand and gravel. The 
embankment is placed upon a gravel and waste rock blanket 
underdrain, which is about 240 feet wide and extends across the 
full width, and up each abutment of the valley. It is understood 
that the embankment was placed and compacted as an engineered 
fill. 

The embankment is founded upon sand and gravel and a mantle of 
till overlying bedrock, (Drawings 3 and 13) . 

The embankment has downstream slopes of 1.5 horizontal to 1 
vertical in the upper 20 feet, flattening to 2 horizontal to 1 
vertical over the lower 80 feet of height. 

The embankment consisted ~riginally1 (mid 1970's to 1980) of only 
the till section and the underdrain. A surficial failure of the 
downstream slope occurred in the spring of 1980 caused primarily 
by uncontrolled seepage; stabilization consisted of placement of 
the downstream sand and gravel shell. 

Piezometers were placed in the downstream zone of the embankment 
in 1980 and 1981, see section A-A, Drawing 12. Piezometers 81-1, 
at the downstream toe, is a standpipe; the remaining 
piezometers, 80-3 and 81-2 to 81-8 are pneumatic diaphragm type 
and they have been damaged since 1985. 

The remnants of the decant system, upstream of the A embankment, 
consist of two 12 inch diameter vertical steel pipes which 
connect to 2- 15 inch diameter corrugated galvanized culverts 
that lie at the base of the dam, and are exposed at the 
downstream toe, (photograph 33) . In August 1991, there was no 
ponding of water upstream of the A Dam. Since closure of mining 
in 1982, water has not been discharged through the decant system 
into Copper Lake. 

There is no evidence of seepage or instability on the downstream 
slope of the embankment or through the abutments. The water 
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table at the downstream toe is about 5 feet below the ground 
surface. Any seepage from the tailings is probably draining 
through the blanket underdrain and the near surface granular 
deposits into Copper Lake. 

5.6.5. Copper Lake 
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Copper Lake is located about 400 feet downstream of the toe of 
the A embankment, see Drawing 13 and photographs 29 and 31. 
Copper Lake was constructed to perform as the reclaim pond for 
the A valley impoundment. The lake is presently about 150 feet 
wide by 300 feet long and approximately 6 feet deep. Water is 
discharged from the north end of the lake through a "v" notched 
weir, through a drainage channel and into the downstream alluvial 
deposits. 

5.6.6. B Embankment Dam 

Plan and sections through the B embankment are shown on Drawings 
14, 15 and 16. General views of the B embankment are shown on 
photographs 34 to 42 inclusive. 

The embankment in the B valley has a maximum height of about 
90 feet, and a crest length of about 600 feet; the tailings have 
a maximum depth of about 115 feet upstream of the embankment; it 
appears that some of the materials used to construct the 
embankment were excavated from the valley floor, within the 
impoundment area and about 15 to 20 feet below the embankment 
foundation level. 

The embankment consists of an upstream low permeability facing 
(sloping core), an upstream zone of till, a downstream zone of 
sand gravel and cobbles and a downstream toe berm of cobbles and 
boulders. The upstream low permeability material extends 
downward to the underlying till strata and laterally to the till 
on the•abutments. 

The embankment is founded upon deposits of sand, gravel and 
cobbles. 

The embankment has a downstream slope of 2 horizontal to 1 
vertical. The downstream berm is about 15 feet wide and 
incorporates the access road from the valley to the crest of the 
embankment. 

Standpipe piezometers were placed in the embankment and 
downstream of the abutments in 1979 and 1982. In August 1991, 
water levels in the embankment were measured in standpipes 79-3 
(downstream mid-height), and 82-16 and 82-11 (crest). Water 
levels in the abutments, downstream of the embankment, were 
measured in standpipes 82-12,13 and 14 (right abutment) and 82-
19,20,21 and 23 (left abutment). The results from these readings 
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indicate that the B Embankment Dam is well drained; 
levels at the standpipes are plotted on the sections, 
14 and 15) . 

the water 
(Drawings 

During August 1991 water was seeping from the left abutment 
downstream and above the level of the embankment crest. The 
seepage water was draining both into the B pond and over the 
slope downstream of the dam. The seepage was causing gully 
erosion of the slopes downstream of the embankment, (photographs 
3 8, 4 0 and 41. ) . 

The remnants of the decant system in the B pond consist of 2-24 
inch diameter vertical pipes which connect to two pipes that pass 
through the base of the embankment. In August 1991 the level of 
the B pond was 2491.6 feet; water was flowing through the decant 
pipes and being discharged onto the access road downstream of the 
dam, (photograph 42) . The water flow, during the period 29 
August to 3 September 1991, ranged between 1.3 to 2.0 1/sec. 

There is no evidence of seepage or instability of the B 
Embankment Dam. Piezometer readings indicate that the water 
Table is in the alluvial deposits below the base of the dam. As 
discussed above, the only evidence of water seepage and gully 
erosion occ~rs in the natural deposits on the left abutment 
downstream of the dam. 

5.6.7 Surface Water Management 

A general layout plan of the surface water and groundwater 
drainage of the mine site, since development of the mine is shown 
on Drawing 17. Photographs 43 to 47 inclusive illustrate various 
aspects of the surface water management. 

Surface drainage in the tailing impoundment system consists of 
three catchment areas, namely the Crater Lake, A Valley and B 
Valley watersheds. 

A series of berms were placed on the surface of the Old Pond for 
tailing deposition purposes, (Drawing 10) . These berms have been 
breached and surface water in the southern portion of the 
impoundment drains through spillway #7 into the Crater Lake 
watershed, (photograph 43), and the northern portion through 
spillway #6 into the A Valley watershed, (photograph 45) . 
Inspection of photographs 44 and 46 indicate that when water is 
discharged from the Old Pond into Crater Lake or the A Valley, 
tailings are being carried and deposited downstream in the 
drainage channels. 

Surface water runoff passes through the A Valley into the B 
valley, via a channel cut into the sand and gravel terrace that 
separates the A and B valleys, (photograph 47) . In August 1991 
no water was ponding in the A Valley, although it appears that a 
small pond had been in existence upstream of the embankment dam 
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until 1988, see photographs 28 and 32) . A pond has formed 
upstream of the B Valley dam, see photographs 27, 34 and 36. 
Records show that this pond has been in existence since closure 
of mining. In August 1991 the pond was at elevation 2491.6, and 
covered an area about 550 feet long by 350 feet wide. The depth 
of the pond is judged to be about 10 feet. The water discharged 
through the decant pipes, (August 1991) was the first occasion 
since 1985. 

5.6.8 Wind Erosion 

Dust storms have been known to occur on the tailings on the 
Whitehorse Copper impoundments since the closure of mining 
activities and the end of tailings deposition in 1982. These 
storms generally occur during June to August. A detailed record 
of the occurrence of the dust storms has not been made, however, 
the dust storms have not occurred on a daily basis for extended 
periods of time. 

Examination of photographs 19, 20 and 21 indicate that wind 
erosion of the tailings surface has occurred on the Old Pond 
impoundment. Environment Canada records for the Whitehorse 
airport, (period 1951 to 1980), approximately 4 km north of the 
minesites, indicate that the prevailing winds in the Yukon River 
valley are primarily from the south east. The mean wind speeds 
during May to October range from 14 to 18 km per hour. The 
maximum values can be as high as 63 km per hour, and gusts of 101 
km per hour have been recorded. 

A laboratory mineralogical analysis was made to establish the 
free silicate content of the respirable portion of the dust, 
(i.e. that fraction of the dust finer than 10 microns). The 
results indicate that the 10 micron portion accounted for 6.7% of 
the total weight of the sample. Of this portion, 8% of the 
particles are present as free silica; i.e. less than 1% of the 
total tailings is respirable free silica. The laboratory test 
data are included in Appendix C. 

These data indicate that wind erosion has liberated some 
respirable dust into the ·atmosphere on some occasions since 1982. 
It is generally recognized that for any dust to cause 
physiological damage it must be present in excessive quantities 
and inhaled for a sufficiently long time. Factors which 
determine the harmfulness of any dust are its composition, 
particle size, concentration in the air, exposure and 
susceptibility of the exposed individual, (Sengupta 1990). 
Furthermore, the average time for the development of silicosis 
has been found to be 20 to 30 years. 

Silicosis has not developed in any of the personnel who worked on 
the Whitehorse Copper property over the 15 year period of 
operation. Since the cessation of tailings deposition, the dust 
storms off the tailings impoundment in the 9 year period have not 
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been of sufficient duration, or continuity, to be considered a 
high health hazard. Dr. A.E Hall, of the University of B.C. 
department of mining and a specialist in mine ventilation, has 
reviewed the above data. Dr Hall has stated: 

5.6.9 

"There is a possibility that persons spending prolonged 
periods of time (several months) in dust clouds generated by 
wind erosion from the tailings could be exposed to dust 
levels above those recommended by the American Conference of 
Government Industrial Hygienists. It would therefore be 
prudent to adopt remedial action to reduce wind erosion for 
the long term decommissioning of the mine site until natural 
vegetation has moved in to stabilize the material. A cover 
of larger granular material would be adequate to reduce the 
wind erosion to obviate any risk or nuisance to adjacent 
sites". 

Decommissioning Objectives for the Tailings Impoundment 
System 

From a review of the field reconnaissance in August 1991, and 
standpipe piezometer readings the following conclusions can be 
made for considering the decommissioning plan for the tailing 
impoundment system: 

in the Old Pond, the tailings have drained and water is not 
stored within the impoundment; the embankments do not act 
as water storage structures; 

both the A and B embankment dams act as water retaining 
structures. Upon closure of the minesite, provisions are 
required to pass runoff water through and downstream of the 
impoundment system in a manner that will require the minimum 
of care and maintenance, not to affect the long-term 
integrity of the dams, human health and the environment. 

Consequently, the following studies and investigations have been 
carried out to evaluate the long-term physical and chemical 
stability of the tailings impoundment system: 

evaluation of the probable maximum flood, (PMF), the routing 
of the PMF and lesser floods through the impoundment system 
and the probable consequences downstream of the project 
area; 

stability analyses of the embankments under both static and 
pseudo-static (earthquake) conditions; 

collecting both surface and groundwater samples from within 
and beyond the project area, in order to establish the 
possible consequences of surface and near surface drainage 
from the minesite into the environment; and 
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collecting two samples of the tailings for acid base 
accounting tests. 
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The results from the flood routing and stability for the tailings 
impoundment system are summarized in sections 5.6.10 and 5.6.11. 
The chemical stability and water quality of the project area have 
been discussed in section 4.0. 

5.6.10 Flood Hydrology and Routing 

For small catchments, such as the Whitehorse Copper Minesite, 
peak discharges are generally caused by intense rainfall rather 
than by snowmelt. The spring snowmelt produces greater volumes 
of water than the rainstorms but it is spread over several weeks. 

To develop the decommissioning plan it is generally considered 
appropriate to obtain the flood discharge resulting from the 
probable maximum flood, (PMF), which is developed from the 
probable maximum precipitation, (PMP) . 

For the Whitehorse Copper Minesite analyses were carried out, 
using the U.S. Corps of Engineers HEC-1 computer model, to 
determine the peak rate of runoff from the combined effects of 
the PMP and snowmelt on the Crater Lake and A and B valley 
catchments. The runoff was routed through the various storage 
areas (A and B impoundments), over the spillways from the Old 
Pond (#6 and #7), from the A into the B Impoundment, and over a 
new spillway at the B Dam. It was assumed that decant lines from 
the three impoundments would be sealed with concrete. The 
catchment areas and the spillways are shown on Drawing 17. 

The probable maximum flood was based upon a combination of the 1 
in 200 year snowpack (April) water equivalent of 8 inches (200 
mm), and the probable maximum precipitation in a 24 hour period 
of 5.16 inches (131 mm). It was assumed that the snowmelt would 
fill the storage area to the spillway invert level, followed by 
the runoff resulting from the PMP. 

Table 5.1 summarizes the results from the computer analyses. The 
Table provides elevations of the tailings, dam crests, spillway 
characteristics, and freeboard at the embankment dams. 

Gadsby Consultants Ltd. in association with Steffen Robertson & Kirsten (B.C.) Inc. 
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CATCHMENT CATCHM&:N'r ASS ODD TAILINGS DAM cmlST S~ILL'NAY 

AREA PONDING ELEVATION ELEVATION CHARAC'l'JilRISTICS 
(acrea) AREA (ft) (ft) 

(acrea) Creat Creat Side 
Elevat Length Slope 

ion (ft) (B:V) 
(ft) 

Old Pond 43 0 2577 2577 2572 18 8:1 
(Crater Lake 
drainage) 

Old Pond (A 347 0 2577 2577 2569 18 8:1 
Valley 
drainage) 

A Valley 107 32 2500 2516 2503 8 1:1 

B Valley 449 19 2495 2516 2501 100* 1:1 

Side channel spillway at B Dam on right abutment 

Table 5.1 Tailing Impoundments Water Management Characteristics 

Table 5.2 summarizes the maximum outflows, water levels and 
freeboards at the various spillways for flood return periods of 
200, 500, and 1000 years and the PMF. The data in Tables 5.1 and 
5.2 will be utilized for the final design of rock-lined spillways 
and erosion protection in the spillway channels. 

Upon closure of the minesite, water will be discharged from the 
impoundment system through spillway #6 from the Old Pond into 
Crater Lake watershed and from a new spillway at the B Dam into 
the lower portion of the B Valley watershed. Prior to the 
development of the mine the A and B valleys were separate, 
(Drawing 6); upon closure of mining, both catchments discharge 
into the B valley downstream of the B embankment dam, (Drawing 
17) . 

A comparison of the PMF, both prior to and after mine 
development, indicates that the flood flows downstream of the B 
dam would have been greater prior to development of the mine. 
The storage areas in the A and B impoundments more than 
compensate for deforestation of the tailings areas and the A 
Valley drainage. The relative magnitudes of the PMF for a 
spillway in the B Valley, with a crest elevation at 2503 feet, 
(18 feet wide) are: 
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CATCHMENT 24 IQXIMOI( nxnrow IQXIMOM DXIMOM KINDCOM 
HOUR INI'LOW OOTI'LOW WATER SlW) I'RUBOARD 

DESIGN (!tl/•) (!tl/•) :&:LEV. (!t) (ft) 
STORM (ft) 
(in) 

200 '!EAR 
I'LOOD 

Old Pond 2.0 N/A N/A N/A N/A N/A 
(Crater Lake 
drainage) 

Old Pond (A 2.0 176 176 2569.9 0.9 7.1 
Valley 
drainage) 

A Valley 2.0 226 . 74 2504.4 1.4 11.6 

B Valley 2.0 281 231 2501.8 0.8 14.2 

500 '!EAR 
I'LOOD 

Old Pond 2.5 N/A N/A N/A N/A N/A 
(Crater Lake 
drainage) 

Old Pond (A 2.5 215 215 2570.2 1.2 6.8 
Valley 
drainage) 

A Valley 2.5 275 91 2504.6 1.6 11.4 

B Valley 2.5 344 285 2502.0 1.0 14.0 

1000 '!EAR 
FLOOD 

Old Pond 2.8 N/A N/A N/A N/A N/A 
(Crater Lake 
drainage) 

Old Pond (A 2.8 258 258 2570.2 1.2 6.8 
Valley 
drainage) 

A Valley 2.8 329 107 2504.8 1.8 11.2 

B Valley 2.8 408 338 2502.1 1.1 13.9 

PROBABLE 
IQXIMOI( 
I'LOOD 

Old Pond 5.2 161 161 2572.8 0.8 4.2 
(Crater Lake 
drainage) 

Old Pond (A 5.2 724 724 2571.9 2.9 5.1 
Valley 
drainage) 

A Valley 5.2 908 271 2506.4 3.4 9.6 

B Valley 5.2 1096 928 2503.2 2.2 12.8 

Tab1e 5.2 F1ood Hydro1ogy Data 



B Valley pre-mine 

A + B Valleys post-mine 

920 ft3/s, (26m3/s) 

635 ft3/s, (18m3/s) 
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The Crater Lake catchment is small and has not been significantly 
altered by the mine, (Drawings 6 and 17), consequently there is 
no change between the pre-mining and post mining drainage. 

5.6.11 Embankment Stability 

The stability of the tailing embankments, under both static and 
pseudo-static conditions have been assessed using the CLARA 
computer program. This program incorporates the Bishop circular 
and Janbu simplified methods of analyses. The program will 
analyze specified surfaces or search various circular surfaces 
for the minimum factor of safety. 

Engineering properties for the various material types and the 
geometry conditions for the embankments in the Old Pond, A and B 
Valleys are summarized and illustrated on Table 5.3. Laboratory 
tests have not been performed on materials used in the 
embankments for the Whitehorse Copper project. The material 
strength parameters shown in Figure 5.3 have been selected from 
other projects and from the literature. 

The computed factors of safety against sliding on the downstream 
slope for the three embankments, for the static condition and 
pseudo-static condition for ground accelerations of 0.1g (1:475 
year event) and 0.2g (1:10,000 year event), are shown Figure 5.3. 

The embankments are constructed from natural glacial or 
fluvioglacial materials that are not subject to weathering with 
time. Recommended minimum values for the factor of safety on the 
downstream slope are provided on Table 5.4, (CANMET 1977) 

Results of the analytical studies for the embankments on the 
Whitehorse Copper project indicate that the computed factors of 
safety are greater than the minimum values recommended by CANMET. 
Consequently, the existing embankments are considered to have 
acceptable values for long-term stability. 
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Assumpcions r• :I• 

Using peak shear screngch paramecers 1.5 1.3 

Using residual shear strengch parameters 1.3 1.2 

Including the loading for a 100-year** earthquake 1.2 1.1 

For horizontal sliding on the base of embankment 1.3 1.3 
recaining tailings in earthquake areas of assuming shear 
strength of tailings behind the dam reduced to zero 

I* Where it is anticipated that severe damage would 
occur as a result of embankment failure. 

II* Where it is ancicipated that severe damage would 
not occur as a result of embankment failure. 

*** Appropriate return periods for extreme events are 
discussed in Section 5.2.4. 

from CANMET (1977) 

Table 5.4 Minimum Factors of Safety for the Downstream slopes of 
Dams 

5.6.12 Perpetual Disruptive Forces 

Perpetual disruptive forces include wind erosion, water erosion, 
precipitation of salts in permanent internal drainage systems, 
frost action, ice accumulation, and decomposition and breakdown 
of rock particles. Biological activities include root 
penetration, borrowing intrusion and actions by animals and man. 

From the above list, the only perpetual forces that need to be 
considered, which may affect the long-term integrity of the 
Whitehorse Copper site, are: 

wind erosion of tailings on the Old Pond; 

water erosion on natural soil slopes immediately downstream 
of the B Dam; and 

water erosion of the tailings from the Old Pond into the 
downstream watersheds 

the potential for the accumulation of ice in the final 
spillway channel from the B impoundment. 
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Proposed control technology for the above case are discussed in 
section 5.6.:i4. 

5.6.13 Chemical Stability of the Tailings Impoundment System 

The chemical stability of the tailings impoundment system is 
discussed in section 4.0. Two samples of the tailings were taken 
for laboratory acid base accounting tests; and samples of surface 
water were obtained for water quality testing. 

The test results indicate that acid drainage will not occur from 
the tailings and that the material is benign. 

5.6.14 Decommissioning Work for the Tailings impoundment 
system 

From the above discussion, the following work is proposed to 
decommission the tailings impoundment system. 

5.6.14.1 Decant Towers and Lines 

All structures will be removed from th~ surface of the thtee 
tailing impoundments. Both vertical and horizontal pipes will be 
plugged with concrete over the full length. 

5.6.14.2 Water Management and Control Structures 

Old Pond: the channels (spillways 1 to 6, Drawing 10) in the 
interior dykes will be widened and the side slopes flattened to 
ensure that the flood flows pass freely across the impoundment. 
Both spillways #6 (into the A Valley) and #7 (into the Crater 
Lake drainage) will be widened, the side slopes flattened and the 
channels lined with rock to resist erosion. Where considered 
necessary, the surface of the tailings will be graded to ensure 
that water is not ponded and that surface runoff is directed into 
the Crater Lake and A Valley drainages. This work will include 
backfilling the existing pond on the Old Pond impoundment. 

A and B Valley Impoundments: the channel between the A and B 
Valleys will be widened to pass the PMF event; the slopes will be 
flattened and the natural soil deposits protected with rock to 
resist erosion. 

A new spillway will be constructed on the right (east) abutment 
of the B Dam, to discharge surface runoff downstream in the lower 
B Valley drainage. Both the left and right abutments to the B 
Dam are in fluvioglacial deposits; the spillway through the 
right abutment is preferred as it will direct flood flows further 
downstream, which will not affect the long-term integrity of the 
embankment. Preliminary engineering studies indicate that the 
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spillway would be set at elevation 2501 feet, and at the PMF the 
calculated freeboard on the B embankment dam will be 12.8 feet. 
A side channel concrete spillway is considered which would 
provide a long overflow crest, followed by a concrete lined 
section through the granular deposits and into a rip-rap lined 
channel which would discharge into the old granular borrow pit 
area, (see Drawing 12). 

A water pond has existed behind the B embankment since the 
closure of mining activities. The available records show that 
the elevation of the pond has ranged from elevation 2490 feet to 
2498 feet. Only in August 1991 has water discharged through the 
decant pipes. When the decant pipes have been plugged, as part 
of the decommissioning activities, it is expected that the pond 
will increase in size. The pond could rise to the maximum 
elevation of the spillway, 2501 feet, and occupy about half of 
the area of the B impoundment, (Drawing 12) . Water would not be 
discharged from the impoundment until the water elevation was 
greater than 2501 feet. A detailed water balance, allowing for 
seepage, evaporation and monthly variations in precipitation has 
not been attempted. The results from the water quality analyses, 
(section 4.2.2), indicate that any water accumulating in the B 
valley impoundment would meet CCREM drinking water guidelines, 
and that with time, as the pond stabilizes, the water would meet 
the freshwater aquatic guidelines. 

5.6.15 Water Erosion and Gullying 

_Seepage emanating from the left abutment area, above and 
downstream of the B Dam, has and is causing gullying of the 
natural materials. It is proposed to protect the areas from 
further erosion by placing rip-rap with an inverted filter to 
guard against potential piping failures. 

5.6.16 Wind Erosion 

Areas on the Old Pond impoundment, subject to wind erosion, will 
be covered with a thin layer (nominally 3. inches thick) of coarse 
granular rock from the underground rock pile. Windscreens, about 
5 feet nigh, which would reduce windspeed across the tailings 
surface, will also be considered. 

5.6.17 Vegetation 

Inspection of the site indicates that local species of vegetation 
are developing naturally over the tailings impoundments and the 
rock piles. It is proposed, therefore, that development of 
vegetative covers not be carried out in the minesite area. 
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6.0 MILES CANYON 

A landslide occurred in the Miles Canyon area, on the west bank 
of the Yukon River, in late May early June 1968. The location of 
the slide areas are shown on Drawing 3. Investigations and 
studies to evaluate the probable cause(s) of the slide and 
necessary remedial measures were carried out in 1968 by R.M. 
Hardy, the P.F.R.A and Golder Srawner & Associates. 

The slide occurred following a very wet period in May; in fact 
the precipitation on 22 May (0.49 ins; 12 mm) was the highest on 
record for a 24 hour period. 

The slide occurred in a larger area of prehistoric landslide 
activity. It was recognized in all three of the studies that 
water discharge from the tailings impoundments was of the order 
of 2 cu.ft/sec, and that this water was entering the surficial 
soil deposits about 3000 feet west and 60 feet above the slide 
area. 

There have been no 
Canyon since 1968. 
1981 and water has 
impoundment, apart 

other occurrences of land sliding in the Miles 
Furthermore, tailings deposition finished in 

not been discharged downstream of the 
for August 1991. 

Monitoring of the water level in the tailings impoundment, since 
the closure of the mining operations, indicates that the water 
Table in the Old Pond area has dropped to practically the 
original ground levels. 

A review of the original studies, and readily available data, has 
been made by N.A. Skermer P.Eng, (SRK), who specializes in 
landslide work. Mr Skermer is of the opinion that the water 
discharged from the mine in 1968 had little effect upon the 
stability of the banks of the Yukon River in the Miles Canyon. 
He believes that above average precipitation in May of 1968 was 
likely to have been the contributing factor to reactivating an 
old marginally stable landslide mass. 

Drainage from the minesite, since the closure of mining, has 
steadily reduced and the drainage today, (1991), is practically 
the same as the pre-mining conditions. 

The 1968 landslides are attributed to natural groundwater seepage 
below the minesite. Hence, it can be concluded that any seepage 
from the decommissioned minesite will not contribute to further 
instability in the west bank of the Yukon River. Movements may 
occur, but the triggering mechanism is likely to be excessive 
natural precipitation, perhaps rainfall following snowmelt, or 
intense summer precipitation following prolonged steady rain. 
Excessive precipitation, leading to an increase in groundwater 
levels and high induced pore water pressures, may reactivate the 
ancient landslide; undercutting of the toe of the bank by the 
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river would contribute to instability of the slopes in the Miles 
Canyon. 

7.0 SCHEDULING FOR DECOMMISSIONING AND CLOSEOUT OF THE 
MINE SITE 

The decommissioning activities for the various components of the 
minesite are discussed in sections 5.2 to 5.6. Following review 
by the government agencies on the basic concepts of the 
decommissioning plan, HBM&S propose to complete all the 
decommissioning work by the end of 1993. Consequently, detailed 
designs for the spillways, surface contouring and protection 
against wind erosion in the Old Pond would be completed by April 
1992. 

8.0 MONITORING AND MANAGEMENT PROGRAMS 

HBM&S propose to carry out an annual inspection of the site. In 
addition, the following monitoring programs will be instituted to 
monitor the effectiveness of the closure measures for the various 
mine component. 

8.1 Open Pit and Underground Mine 

Decommissioning activities are discussed in section 5.2.2. HBM&S 
propose to instal surface monuments to monitor the extent of any 
ongoing ground collapse for a period of 5 years. The surface 
monuments will be surveyed annually, together with an inspection 
of the site and a photographic record taken. 

8.2 Millsite Area and Infrastructure 

The area will be inspected; particular attention will be paid to 
ensure•that surface drainage is taking place off the site. Any 
necessary maintenance work will be carried out to ensure that 
surface drainage is effective. A photographic record will be 
made. 

8.3 Little Chief Rock pile 

In addition to the visual inspection, HBM&S propose to take water 
samples twice a year, for a period of three years from seepage 
off the rock pile. If found necessary additional water quality 
monitoring would be carried out after this period. 
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8.4 Underground Rock pile 

Apart from the ·visual inspection, no additional monitoring is 
believed necessary for either physical or chemical stability. 

8.5 Tailings Impoundment System 

The decommissioning work will consist of: 
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backfilling the pond on the Old Pond impoundments, and where 
necessary contouring the tailings surface and the placement 
of fine rock fill materials to resist wind erosion; 

sealing the decant pipes with concrete, in all three 
impoundments; 

construction of the spillways; and 

placement of an inverted filter and slope protection on the 
left abutment downstream of the B Embankment Dam. 

Site inspections will be made twice a year for a three year 
period; both after the spring run-off and before the winter 
period, to review the performance of the water management 
structures. If found necessary the spillways will be cleaned and 
any repair work carried out. The visual inspection will include 
evaluating the development of vegetative cover and the 
performance of the wind-erosion protective cover material. 

During the above inspections, water samples will be taken from 
the pond in the B impoundment, and any other surface water body 
that may have developed in the impoundment system. 

Site photographs will be taken for record purposes. 

8.6 Water Quality 

In addition to the water samples taken for the mine components 
described above, HBM&S will take samples of the surface water 
from Crater Lake (site 4), Lower Crater Lake (site 21), Sites 5 
and 6 in the Crater Lake watershed, Copper Lake (site 11) and 
sites 9 and 14 in the A/B Valley watershed. 

HBM&S propose to take water samples twice a year from the above 
locations for a three year period from the time of closure of the 
minesite. If found necessary, this period may be extended. 

8.7 Reporting 

Results from the site inspections and the water quality test 
data, together with an interpretation of the results, will form 
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the basis of an annual report which will be submitted to 
interested agencies. The report will include photographs, and 
the extent and nature of any necessary remedial work. 

HBM&S envisaged that the site inspections and monitoring, by 
HBM&S personnel or their representative, will continue for the 
periods outlined above, following which their interest in the 
land would be surrendered to the Yukon Territorial Government. 
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on the east side - within fenced off area 
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Tension cracks @ ground surface 
100 to 200 feet from south and 
west walls of Little Chief Pit 

(cracks within fenced off area). 
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"Sink hole" about 100 feet 
south of south wall of 

Little Chief Pit - {hole within 
fenced off area). 

Hudson Bay Mining & Smelting Co. 
Whitehorse Copper Mine Yukon 

Photographs by J.W. Gadsby 
90-149 August 1991 

PHOTOGRAPH #10 



.. . ,~· ' . 

~t·t· 
i·~ .. 

Security fence on the west 
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View south showing foundation 
slab to the former warehouse and 

storage yard 

Hudson Bay Mining & Smelting Co. 
Whitehorse Copper Mine Yukon 

Photographs by J.W. Ciadsby · 
90- 149 t\ ugus l !l)l) l 

PHOTOGRAPH #1-t 



\I ill Building 
Found;.~tions . .., 

View N. W. over the 
Millsite area 

.\lalllk!l.lfht' 

'hop 
r· -- 1 stnn.:tu n· 

!Ill\\ 

rcmo\l.:d) 

Hmison Bay iv'lining & Smelting Co. 
Whitehorse Copper [\:line Yukon 

Photographs by J.W. Gadsby 
90-149 August 1991 

PHOTOGRAPH #15 



• 

View south regraded {1989) 
slope of Little Chief Rock pile 
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View south on north slope 
of Little Chief Rock pile- steepest portion 
of slope approx 1.2 horizontal to l \'ertical 
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View north - development 
of natural vegetation following 

regrading activities on the Rockpile 
in 1989 
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View north on the "downstream" 
side of the Old Pond perimeter 

embankment - "S.E. side" 
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Crest Elc>alion ±257X feel --

Wind blown 
Sand 

View N.W. on the downstream slope 
of "Old Pond" embankment at the 

head of the A Valley - average 
slope 1.8 h to 1 vertical 

Embankment approximately 60 feet high. 
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View east drainage channel 
into Crater Lake drainage - remnants 

of the decant tower 
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View north onto pond on the 
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View southeast on the downstream face 
of the A embankment 
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View east from left abutment 
of A embankment 

crest @ elev ±2515.5 feet tailings 
@ elevation ±2498 feet. 
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View west- onto the 'B' Pond. 
Crest elevation of B Embankment ±2515.5 feet, 

Pond Elev. (July 91) ±2490 feet. 
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View North - drainage ditch 
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View West - downstream of left abutment 
to the B embankment. Seepage 
from the left abutment @ about 

elevation 2512 feet (B Pond elev. 2491.6 feet 
August 91). 
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Shallow Lake about 800 feet west 
of the left abutment to 

the B Dam embankment - Lake 
elevation ±2531.5. Believed 

to be water source for seepage 
in the left abutment 
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29 August to 3rd. September 1991,@ 

approximately 1.3 to 2 .0 1/sec 
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View south at drainage channel 
(Spillway #7) across Old Pond embankment 
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View north of the Old Pond 
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Crater Lake watershed 
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View east • upstream of drainage 
channel (Spillway #6) from the Old Pond into the A Valley 

impoundment 
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View N.W.- downstream side 
of drainage channel (Spillway #6) 

from the Old Pond into the 
A Valley impoundment 
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View north of south end of 
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on the east side - within fenced off area 

Hudson Bay Mining & Smelting Co. 
Whitehorse Copper Mine Yukon 

Photographs by J.W. Gadsby 
90-149 August 1991 

PHOTOGRAPH #8 



Tension cracks @ ground surface 
100 to 200 feet from south and 
west walls of Little Chief Pit 

(cracks within fenced off area). 
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south of south wall of 
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fenced off area). 
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side of the road to the Little Chief Rock pile (adjacent 

to portal yard) 
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View south showing foundation 
slab to the former warehouse and 
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View south regraded {1989) 
slope of Little Chief Rock pile 
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View south on north slope 
of Little Chief Rock pile- steepest portion 
of slope approx 1.2 horizontal to l \'ertical 
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View north - development 
of natural vegetation following 

regrading activities on the Rockpile 
in 1989 
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View north on the "downstream" 
side of the Old Pond perimeter 

embankment - "S.E. side" 
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Crest Elc>alion ±257X feel --

Wind blown 
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View N.W. on the downstream slope 
of "Old Pond" embankment at the 

head of the A Valley - average 
slope 1.8 h to 1 vertical 

Embankment approximately 60 feet high. 
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View east drainage channel 
into Crater Lake drainage - remnants 

of the decant tower 
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View north onto pond on the 
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View southeast on the downstream face 
of the A embankment 

Hudson Bay Mining & Smelting Co. 
Whitehorse Copper Mine Yukon 

Photographs by J.W. Gadsby 
90-149 August 1991 

PHOTOGRAPH #30 



Drainage 
frurn 
Copper 
Lake __ 

View south · Copper Lake 
A embankment in the background 

Hudson Bay Mining & Smelting Co. 
Whitehorse Copper Mine Yukon 

Photographs by J.W. Gadsby 
90-149 August1991 

PHOTOGRAPH #31 



View east from left abutment 
of A embankment 

crest @ elev ±2515.5 feet tailings 
@ elevation ±2498 feet. 
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View west- onto the 'B' Pond. 
Crest elevation of B Embankment ±2515.5 feet, 

Pond Elev. (July 91) ±2490 feet. 
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View North - drainage ditch 
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View West - downstream of left abutment 
to the B embankment. Seepage 
from the left abutment @ about 

elevation 2512 feet (B Pond elev. 2491.6 feet 
August 91). 
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Shallow Lake about 800 feet west 
of the left abutment to 

the B Dam embankment - Lake 
elevation ±2531.5. Believed 

to be water source for seepage 
in the left abutment 
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View southwest - gully erosion 
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out of left abutment above the 
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Photographs by J.W. Gadsby 
90-149 August 1991 
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View north - access road from the 
B Dam- water discharged onto 

the road from the B Pond 
29 August to 3rd. September 1991,@ 

approximately 1.3 to 2 .0 1/sec 

Hudson Bay Mining & Smelting Co. 
Whitehorse Copper Mine Yukon 

Photographs by J.W. Gadsby 
90-149 August 1991 

PHOTOGRAPH #42 



View south at drainage channel 
(Spillway #7) across Old Pond embankment 

Hudson Bay Mining & Smelting Co. 
Whitehorse Copper Mine Yukon 

Photographs by J.W. Gadsby 
90-149 August 1991 
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View north of the Old Pond 
embankment @ downstream side drainage 

channel (spillway #7) into 
Crater Lake watershed 

I Iudson Bay Mining & Smelting Co 
Whitehorse Copper Mine Yukon 

Photographs by J.W. Gadsby 
90-149 August 1991 
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View east • upstream of drainage 
channel (Spillway #6) from the Old Pond into the A Valley 

impoundment 

Hudson Bay Mining & Smelting Co. 
Whitehorse Copper Mine Yukon 

Photographs by J.W. Gadsby 
90-149 August 1991 
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View N.W.- downstream side 
of drainage channel (Spillway #6) 

from the Old Pond into the 
A Valley impoundment 

Hudson Bay Mining & Smelting Co. 
Whitehorse Copper Mine Yukon 

Photographs by J.W. Gadsby 
90-149 August 1991 
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View west through saddle 
spillway from the A Valley 

to the B Valley 

"":::t.' ~: ~-
-,___ ....... -~ 

Hudson Bay Mining & Smelting Co. 
Whitehorse Copper Mine Yukon 

Photographs by J.W. Gadsby 
90-149 August 1991 
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REFERENCE DRAWINGS: 

N.T.S. Topography ~ Whitehorse (I: 25,000) 

Part of 105 D/llh, llg a tOe (/968) 

"Valerie- Arctic Chief - Topography"- New Imperial Mines. Ltd. 

Drwg. No. D • II -I (Undated) 

"Plan of Tailings Area •- Whitehorse Copper Mint~ (1973) 

- Airphotos 240 74 (Sept. '67) and 127955 ( Jl.me 'aoJ -
Pacific. Survey Corporation. 

NOTES: 

I) Topographic information has been compiflld from various sourcn. 
Contou-rs in northern and ea-stern areas are approximo'te on(y. 

2) Planimetric d.etail has been complied from oocontrolled airpho~o 

enlargements, Various features have been omit!.~ for clarity, 

3) Drawing depicts conditions as of JumJ /987. Various abantlonment · 

work has already been completed. 
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Fp = F't Campi.~- compriaodoffluvial and glado!luvial~Mdo and p~ ~ ' ' 
pomly ~ Wilh las -llli:t fioalmU Cb~nMI and poiJI! llar fealins am 110t1i4 ' 
ill ..-lpc&ilijq, .. f.lfc CQIIapsc.,. ~·,..,_.in. fatu>d.all>q' 

existin& ri~ """"*- Ball« """""'""'" 10 ""' nOnlt DfMII!>i ~ Wen: &rot 
IIO(ed ill tllla'- by Wloeolor (1962). Some of ltic ~ ill tljc tM'ain­
be OXp'alncd by lbo pre!'~ of qll8lmlary vok:anle ,;;;11~; n. MliCis <;ira,.. 

lkMv 

Rs 

Rm 

· Jnsalt. OJilOiiC(I In Miles ~and II CrBter lab;, tllaiidco topop.jlby. Fiowf 110 

mas!<ed by shallow Ouv\al imd ahfciolluvialdrift In tlda ~-~ ridgoa and 
dopressioni·Cf;IUld by caused by e.roskiruilly ~lava~· Uwaflowlll'ltic 
IOIIIh, Olld of Miks ~ ""' bwm:al»tOO Wilh sedfri!on!S of ~ .... 
·~ng· tJiat Voloimic activ.Gy took pW:c duihlg _ghldari®. · 

Rlwr dwmol, '"""'des efJCienl tem<es dire.;dy adj..,.,. 10 tbo ~· liver 
~ Tbo river is fUt flowhlg and i& enxllng. nulterdlan depositing .... ..,.., 

. Slopes ~toiberl.,....,_ . .._ sjgna ofb>$1abillty: ~~.• 
ll®pg ofredi!!!O!!lf, and side caatmovemcntll®g I'OIIl!Wayo -~ 
These kv:trion• am noted onlbo 1nap ill blue Wilh ic8tp, lllld armwsymbola. 

Kame ~ 8811dy gravellY OIIIWasb II!R!I<C fonnod ill OOlllact wid! ~ 

glaclorinn COIIIact with llu¥ial and jlaciofluvilll ""'ill"'"'s is BOt alwaya dis1llwl. . 
(Oasslc miptlOUII!S ill I"CCIkm of"A" and "B". Dains}. 

Olacial du, IOIIDIIed CObbles with a aity malrix, liip mbcslcm Mandci 
undcriying ~ and Is pallOr dian 1 metro thlcl:. Areas IIIIO!dt and of IlliP 
tboet sbow dlalinct ilotOO·fiMatjons, (&ee aymhok). 

Olacial till, .. .rove. dosely mantles bedrock, and is lletO .... 0.1 and !.!) -. 
Genemlly .......... to ovodie betho;:lc. 

CoUuvium, (weatben:d rock that bas not b<en llllliSpOired by wiBd, w- or ice), 
probable tcxtw:e is a8lldy with angular rock fragmcnu. 

Stoep rock ~lopes' pjmall)' along water <:ollnCJ, ald>oujlh 30Uth of lbo Ill8P Sboct 
tbese furm Stoep eanyons rDjUilDg roughly J!. w . 

Subdued rock exposures, often covered with ·IIlia veoeec of Jbocia1 tlll or 
c:olhMwn. lillbo -- Cntcr lab; and olong MiloS canyon, i.bo, rock typo 
Ia probably a reomt bssalrk: lava. This Is funhur dis<:uSIIed ~ lbo -. 

Small lam or · ~ 'with sballow ·organic soils """' till or bo<ln>Qk. 
~by slow- of deposition, as they am.not fed by "'Y~ or . 

npidly floorill& -

~. 1,0-, WlJUdtorU Map-Area, l"llkon TeritDry 1050. Ooplogical SUIVOy of C,peda, 

Mrouolr 312, 1961. 

Howea, D.E. aoil E. Killik, T~traill Cla.rsjJicalitm 31-fot Brilish Columbia (R~ &lklon). 

MOB Manual 10, heteadoaal Fisbedes Branch Milllst1y of Envlr<lllmqat aod ~ and 
Rosouroo Mapping Branch MlDistty of Clmwa ~ ~ of British OW"Db'a; VKllllria, 
B.C., 1988. 

NOTE' TERRAIN ANALYSIS INTERPRETED FROM STEREO AIR PHOTOS 
INDEX MAP 1050/11 ROLL A 13476 FRAMES 196-200; 
231-234; AND 243-244-245 FLOWN ON JULY 1952 AT 
ALTITUDE OF 10,300FEET (SCALE- 1: 20600) 
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WATER SAMPLING LOCATIONS AUG. 1989 
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I) Topographic information has been compiled from various sourc~Js . 
·~''· . . 

Contours in northern and eastern areas are approximate only. 

2) Planimetric detail has been compiled tram uncontrolled airphota 

enlargements, Various featl!rfls have been omitted tor clarity. 

3) Drawing depicts conditions as of June 1987. 
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NOTES: 
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Part of 105 D/llh, /lg 8 IOe {1968) 

"Valerie -Arctic Chief - Topography"- New Imperial Mines Ltd. 

Drwg. No. D- II -I I Undated) 

"Plan of Tailings Area"- Whitehorse Copper Mines {1973) 

Airphotos 24074 {Sept. '67) and 127955 {June '80)­
Pacific Survey Corporation. 

NOTES: 

BOO 

I) Topographic information has been compiled from various sources. 

Contours in northern and eastern areas are approximate only. 

2) Planimetric detail has been compiled from uncontrolled airphoto 

enlargements. Various features have been om.it~!i.for clarity. 

3) Drawing depicts conditions as of June 1987. Various abandonment 

work has already been cample ted . 
. . 
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APPENDIX C 
HUDSON BAY MINING & SMELTING COMPANY LTD. 

WHITEHORSE COPPER MINE 

LABORATORY AND FIELD DATA 

Tailings and Rock Characteristics 
HBM&S Leach Tests 1983 ................................ C1 
Chemex Labs ABA Tests 1991 ............................. C2 
Coastech Research Inc. ABA Test 191 ..................... C3 

Water Sample Analyses 
Cantest (Thompson Geotechnical) 1989 .................... C4 
Analytical Service Laboratories July 1991 ............... C5 
Analytical Service Laboratories August 1991 .............. C6 
Analytical Service Laboratories September 1991 ........... C7 
Analytical Service Laboratories October 1991 ............ £8 

Tailings Subject to Wind Erosion 
SRK- Gradation Tests September 1991 .................... C9 
Bacon & Donaldson- Sub-sieve size September 1991 ....... C10 
Chemex Labs Ltd. - Mineralogy of 10 micron size 
::?eptem.ber 1991 . .... ~ .................................. . Cll 
Bacon & Donaldson S.E.M. point count of Free Silica 
October 1991 ........................................ .C12 
A.E. Hall - Letter October 1991 ..................... , . C13 

Bore Bole Logs 
Thompson Geotechnical Ltd ............................. C14 
Lower B Valley: 80-1 
Old Pond: 82-1; 82-2; 82-24; 82-3; 82-4; 82-5; 82-

6; 82-7; 82-8; 82-9; 82-10; 
B. Embankment Darn: 82 11; 82-12; 82-13; 82-14; 82-15;82-16; 

82-19; 82-20; 82-21; 82-22; 82-23; 
A Valley: 83-1; 83-2. 

Piezometer Readings 
Thompson Geotechnical Ltd ............................. C15 
Stand pipe piezometers. 
Old Pond 
Section A-A: 82-1A; 82-1B; 82-2A; 82-2B; 82-24A; 

Old Pond 
Section B-B: 
Old Pond 
Section C-C: 
Old Pond: 
A Dam: 
A Valley: 
B Darn: 

82-24b; 

82 3A; 82-4; 82-SA; 82-SB; 

82-7; 82-8A; 82-SB; 
82-9; 82-10. 
81-1; 
83-1; 83-2; 

YUKON ENERGY, MINES 
& RESOURCES LIBRARY 
PO BOX 2703 
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79-1; 79-2; 79-3; 82-11; 82-12; 82-13; 
82-14; 82-15; 82-16A; 82-16B; 82-19; 
82-20; 82-21; 82-23; 

B Valley: 80-1 
Pnuematic Piezometers ................................ C16 



A Dam: 80-3A; 80-3B; 80-3C; 81-2; 81-3; 81-4; 
81-SA; 81-SB; 81-6; 81-7; 81-BA; 81-8B; 
81-8C. 

Streamflow Observations 
Thompson Geotechnical Ltd ............................. C17 
Stations: Al; A2; A3; A4; Bl; B2; B3; B4; BS-a; 

B5-b; Cla; C3; C4. 

seismic Hazard Calculation 
Pacific Geoscience Centre ............................. C18 
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<'•·r:n No. 1'.;3 C../.. 
1:; 1:::. .()FFICE co:cru:sro:mr:NCE 

HUDSON 8AY MlN:NG AND Sti.ELTING CO., LIMITED 

Date ............... t18B.CJ:l .. J.6. ...... 1.9.8.3 ................................... . 

To ........ ~.: .... ~.s~.~-~.Y.~.~!.~.:.!:!.: ... ~9.e~gB .................................. A& 

W.W. FRASER A• From .................................................................................................... • 

WHITEHORSE COPPER TAILINGS 
Subjeoi ................................................................................................................................................... _. ____ , ....................................... _ 

ATTACHED ARE SEVERAL REPORTS AND MEMOS COVERING WORK CONDUCTED ON SAMPLES 
OF WHC TAILINGS RESPECTING POSSIBLE POST-ABANDONMENT ENVIRONMENTAL IMPACT. 

THE PRINCIPLE AND SIGNIFICANT CONCLUSIONS ARE AS FOLLOWS: 

(1) SULFUR IN THE TAILINGS APPEARS LOCKED WITH THE COPPER, NOT 
WITH THE IRON, AND THEREFORE SHOULD BE RELATIVELY STABLE. 

(2) IF THE SULFUR IS CONVERTED TO ACID, THE TAILINGS HAVE SUF­
FICIENT ALKALINITY TO PROVIDE IN-SITU NEUTRALIZATION. THE 
MAXIMUM ACID THAT COULD BE GENERATED IS LESS THAN 12 POUNDS 
PER TON OF TAILINGS, WHILE THE NEUTRALIZING ABILITY IS 176 
POUNDS PER TON. 

(3) THE COPPER, THOUGH SOLUABLE UNDER CERTAIN CONDITIONS, SHOULD 
NOT DISSOLVE UNDER THOSE CONDITIONS ~~ICH CAN BE PREDICTED 
TO OCCUR IN THE TAILINGS POND. 

WE ARE PREPARED TO DO ANY ADDITIONAL WORK YOU FEEL IS NEEDED, OR TO 
PROVIDE EXPERT TESTIMONY ON OUR STUDIES. 

'. 

W.W. FRASER 

:JM 

CC: J.W. SENKA 
FILE 

· .... ~. ' 
,.. ... '· 

\ \c: ~ -"':") '-.--·:·: .. ,./.. ~ ·t~·t . 
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HUDSON BAY MINING AND SMELTING CO., LIMITED 

MARCH 16 1983 Date .................................................. .!. .................................. . 

To ......... W.:.Yf..: ... f.P.~.'?.sB ............................................................. ~ ... At ..... ___ .................. ~ ..................... -... ·-·····-··--·······---·····-····~·---· ........... -. 
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WHITEHORSE COPPER TAILINGS - LEACH TESTS 
SubJect ·--·······-···-····· .......................................................................................................................... -··-······-··············-······ ................. .. 

(THE FOLLOWING WORK WAS DONE IN CONSULTATION WITH OUR DR. BATRIC PESIC.) 

INTRODUCTION 

ADVERSE EFFECTS FROM TAILINGS PONDS ON THE ENVIRONMENT CAN OCCUR DUE 
TO THE GENERATION OF H2S04 AND Fe(S04)3. THE ACIDIC NATURE OF THESE 
CHEMI GALS 1 AS WELL AS BEING OF DIRECT CONCERN, CAN POTENTIALLY LEACH 
STABLE COMPOUNDS FROM THE TAILINGS AND ADD METAL VALUES TO ANY RUN­
OFF WATER. 

SULFUR COMPOUNDS IN THE TAILINGS ARE THE SOURCE OF SULFATE COMPOUNDS. 
ALTHOUGH THERE ARE MANY INTERMEDIATE STAGES, THE REACTION INITIATED BY 
WEATHERING CAN BE SUMMARIZED AS FOLLOWS: 

(RAIN) (AIR) 
FeSz + HzO + 70 + FeS04 + H2so4 
FeS04 CAN BE FURTHER OXIDIZED BY AIR: 

2FeS04 + HzS04 + ~02 + Fez(S04)3 + H20 

Fe2(S04) 3 IS SOLUBLE BELOW PH = 3.5 AND IS A POWERFUL OXIDANT. IT WILL 
DISSOLVE MINERALS AS FOLLOWS: 

MeS + Fe+3 + Me+2 + Fe+2 + Sa + 4e-

(WHERE MeS = CuzS, CuS, CuFeSz, CuzFeS4) 

HzS04 CAN ALSO PARTICIPATE IN DISSOLUTION OF METAL-BEARING MINERALS IN 
THE PRESENCE OF OXYGEN: 

MeS + HzS04 + Oz + He+2 + H20 + 2e 
(AIR) 

THUS, WHEN SULFIDE MINERALS (IE. PYRITES) ARE EXPOSED TO ATMOSPHERIC 
CONDITIONS, THE DISSOLUTION OF METALS INEVITABLY OCCURS .. 

THIS WAS PROVEN IN THE LABORATORY TRIALS SHOWN BELOW. THE IMPORTANT 
FACT, HOWEVER IS THAT IT ONLY OCCURRED WHEN H2S04 AND Fez(S04)3 WERE 
ARTIFICIALLY INTRODUCED TO THE TAILINGS AT PH- 1.1. [N A MODERATELY 
ACID SOLUTION (PH = 4.0) 1 THE BASIC NATURE OF THE TAILINGS WAS SHOWN 
TO BE MORE THAN CAPABLE OF NEUTRALIZING THE ACID. FURTHER MORE, THE 
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EFFECTS DESCRIBED ABOVE \t/OULD BE MINIMAL DUE TO TI1E EXTREY1ELY LOW 
SULFUR CONTENT Of THE TAILINGS. 

THIS STUDY WAS CONDUCTED TO DETERMINE v/HI\T PERCENTAGE OF CU AND tAG 
WOULD DISSOLVE FROM THE TAILINGS AT PH = 1, Lt AND \S~\AS WELL AS 
Fez(S04)3 SOLUTION AT PH = 1. L.J 

CONCLUSIONS 

- 100% OF THE CU LEACHED OUT AFTER 72 HOURS OF MECHANICAL STIRRING 
IN Fez(S04)3 SOLUTION AT PH = 1.1. 

- 24% OF TI1E CU LEACHED WITH AN HzS04 SOLUTION AT PH = 1.1. 

- THE DIFFERENCE IN THE ABOVE TWO VALUES CAN BE ATTRIBUTED TO THE 
OXIDIZING CHARACTER OF THE FERRIC IONS. 

- LESS THAN 1% OF THE CU DISSOLVED AT PH = 4.0 AND PH = 8.0. 

- THE ACID-CONSUMING CAPACITY OF THE TAILINGS WAS DEMONSTRATED lN 
TRIAL #2 WHERE THE PH OF THE SOLUTION IM"1EDIATELY ROSE FR0/'1 4. 0 
TO 9.4. 

- SINCE ALL THE CU DISSOLVED IN THE Fez(S04)3 .SOLUTION, IT CAN BE 
STATED THAT MOST OF THE CU IS IN THE FORM OF BORNITE, CAVELLITE 
AND CALCOCITE RATI1ER THAN THE MORE STABLE CHALCOPYRITE. 

C.. I 

-· CU CONCENTRATION IN THE PH 4.0 + 8.0 LEACHATE RANGED FROM 0.03 ~ 

TO 0.12 MG/L, WHILE VALUES OF 0.31 AND 0.14 WERE ATTRIBUTED TO 
ANALYTICAL ERROR. THESE DEPEND ON RATIO OF SOLIDS TO LIQUID 

MG 

CHOSEN FOR TESTS AND CANNOT BE DIRECTLY USED FOR PREDICTING 
FIELD LEVELS. 

- LESS THAN 9% OF THE MG WAS LEACHED IN ALL CASES. ALTHOUGH CON­
CENTRATION OF THIS METAL WENT AS HIGH AS 870 MG/L (IN Fe2(S04)3), 
THIS METAL IS OF NO MAJOR ENVIRONMENTAL CONCERN. 
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EXPERIMENTAL 

- 10% SLURRY WAS EMPLOYED, USING 800 ML OF SAMPLE IN EACH OF 4 TRIALS. 

- PH OF LEACH WATER \-JAS : 

TRIAL 1 
TRIAL 2 
TRIAL 3 
TRIAL 4 

PH~ 1.1 (WITH HzS04) 
PH ; 4.0 (WITH HzS04) 
PH = 8.3 (WITH NAOH) 
PH; 1.1 (WITH 0.1 M Fe2(S04)3) 

- TRIALS 1-3 WERE MIXED BY AERATION, IE. TO CAUSE OXIDATION BY OXYGEN. 

TRIAL 4 WAS MIXED MECHANICALLY WITH A MAGNETIC STIRRER (OXIDATION 
BY Fe+3) 

- MIXING TOOK PLACE OVER A PERIOD OF 72 HOURS AT ROOM TEMPERATURE. 

- PH'S WERE RECORDED INTERMITTENTLY, AND 10 ML SAMPLE DRAWN OFF FOR 
CU AND MG ANALYSES BY THE ATOMIC ABSORPTION METHOD. (NOTE: SOME 
HIGH METAL VALUES WERE OBTAINED WHERE SAMPLES WERE CLOUDY DUE TO 
INADEQUATE SETILING AJ\ID FILTRATION. THIS WAS ESPECIALLY THE CASE 
IN TRIAL !H. DURING AJ\IALYSES, METAL VALUES WERE FOUND TO INCREASE 
AFTER SHAKING THE SAMPLE VIAL). 

C-/ 
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RESULTS 

MIX VOLUME (a;) (a:) 
SAMPLE TIME PH SLURRY VIAL # cu % LEACH~D ~ % LEACHED 

(HR) G~L) MG/L MG/L 

TRIAL #1 - PH ::: 1.1 

0 1.40 
1 2.0 I. 50 800 1 38.0 13.6 96.0 1.03 
2 9.0 1.60 794 5 53.0 18.8 180.0 1.9 
3 23.5 1.60 785 9 62.0 22.0 320.0 3.4 
4 33.25 1.95 775 13 65.0 22.4 360.0 3.8 
5 47.75 2.10 765 17 59.0 23.6 430.0 4.4 
6 57.25 2.30 755 21 70.0 23.6 440.0 4.5 
7 71.5 2.70 745 25 70.0 23.3 480.0 4.8 

TRIAL #2 - PH = 4.00 

0 9.40 
1 2.25 7.20 795 2 

...... l /; l 

0.14 . 0.05 7.3 0.08 
2 9.0 8.25 790 6 0.07 0.02 9.3 0.10 
3 23.5 8.30 780 10 0.04 0.015 12.3 0.13 
4 33.25 8.32 770 14 0.04 0.014 11.7 0.12 
5 47.75 8.30 760 18 0.04 0.014 14.5 0.15 
6 57.25 8.25 740 22 0.04 0.013 15.5 0.15 
7 71.5 8.60 730 26 0.03 0.010 13.7 0.14 

TRIAL #3 -PH= 8.30 

0 9.60 
1 2.5 8.20 800 3 0.07 (. 0.03 6.6 0.07 
2 9.0 8.40 795 7 0.31~"" 0.11 10.3 o.u 
3 23.5 8.30 785 ll 0.08 0.03 10.7 0 .u 
4 33.25 8.32 775 15 0.06 0.02 11.7 0.12 
5 47.75 8.25 765 19 0.03 0.01 13.0 0.13 
6 57.25 8.45 755 23 0.12 0.04 14.0 ·a .14 
7 71.5 N/A 745 27 0.06 0.02 14.3 0.14 

TRIAL #4 - FE2(S04)3 AT PH = 1.1 

1.40 
1 2.75 1. 30 sao 4 176 62.9 310 3-33 
2 9.0 1.35 795 8 203 72.0 440 4.70 
3 23.5 1.40 785 12 227 79.5 580 6.12 
4 33.25 1.45 775 15 248 85.8 650 6.81 
5 47.75 1. 50 765 20 275 95.6 740 7.61 
6 57.25 1. 80 755 24 . 284 95.7 800 8.12 
7 71.5 1.90 745 28 303 100.0 870 8. 71 
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CALCULATIONS WERE BASED ON THE FOLLOWING DATA: 

ORIGINAL VOLUME OF SAMPLE - 800 ML 
AMOUNT OF TAILINGS - 80 G 

CU ASSAY - 0.28% 
CU CONTENT IN EACH SAMPLE - 0.224 G 
fVIG ASSAY - 9. 3% 
MG CONTENT IN EACH SAMPLE- 7.44 G 

« FACTOR REPRESENTING % OF ORIGINAL METAL LEACHED IS CALCULATED AS 
FOLLOWS: 

(ME) X _V_ X 1 X 100 
1000 1000 ORIGINAL ME CONTENT 

WHERE (ME) = CONCENTRATION OF DISSOLVED METAL 
V = VOLUME OF LEACH WATER 

J.W. SENKA 

:JM 

CC: R.V. TYPLISKI 
S.P. WEST 
B. PESIC 
J .W. SENKA 

C-! 
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WHITEHORSE COPPER TAILINGS 

REF. (D.VI. DUNCAN) GROUP LEADER 
MINERAL BIOLOGY 
AND 
C.C. WALDEN, HEAD 
DIVISION OF APPLIED BIOLOGY 
B.C. RESEARCH 

ACID PRODUCING POTENTIAL 

SINCE SULFUR CONTENT IS 0.2%, THE TOTAL WEIGHT OF ACID THAT COULD BE 
GENERATED (EXPRESSED AS H2S04) IS: .. 
0.002 X 2000 X 98/32 = 11.64 LB HzS04/TON OF TAILINGS 

ACID CONSU~'IPTION VALUE 

DETERMINED BY TITRATION OF 10 G SOLID, SLURRIED WITH 100 ML DISTILLED 
WATER, AND TITRATED TO A PH :::: 3.5 WITH 1.0 NH2S04: 

IN THIS CASE, THE AMOUNT OF ACID ABSORBED WAS 18 ML (A DUPLICATE 
TITRATION WITH 0.1 N H2S04 WAS 180 ML). 

• ACID CONSUMPTION VALUE IS: 

18 X 98/2 X 1/1000 X 200/10 :::: 176.4 LB HzS04/TON OF TAILINGS 

C/ 



J:onu No. lti3 

INH:U-<JFFICE COIW.ES?OXDF.NCE 

HUDSON BAY MINING AND S~I.EL TING CO., LIMITED 

MO.RCH 16 1983 Date ..................................... / ................................ - ........ _ .. _ 

W.W. FRASER 
To .................................................................. - ................................... At 

J.W. SENKA 
From .............................................. _ ................................................... At 

MINERALOGICAL ANALYSES OF WHC TAILINGS 
Subieet. ..................................................................................................................................................................................................... - ... -

THE FOLLOWING IS A MINERALOGICAL BREAKDOWN OF THE MA.JOR CONSTITUENTS 

OF WHITEHORSE COPPER TAILINGS. THIS ANALYSIS WAS CONDUCTED JOINTLY 

BY D. MACNAMARA (MILL METALLURGIST) AND KELLY GILMORE (EXPLORATION 

GEOLOGIST) WITH REFERENCE TO DANA'S MANUAL ON MINERALOGY. 

THE MINERALS ARE LISTED IN ORDER OF AMOUNTS, THE TOTAL COHPROMISING 

APPROXIMATELY 95-99% OF THE PARTICLES. (A FEW PARTICLES COULD NOT 

BE CLEARLY IDENTIFIED, AND COULD, IN FACT HAVE BEEN FORMS OF 

GLOSSULARITE.) 

SENKA 

:JM 



STEREOSCOPIC EXAMINATION OF WHITEHORSE COPPER TAILINGS 

Minerals Observed (approx. in order of amounts) 

1.) Quartz- Si02 (clear, glasslike fracture) 

2.) Garnet- probably Grossularite Ca 1A1 2(Si04)3 (yellowish color, 
irregular frasture, tran~lucent. 

Magnetite - Fe3o4 (dark, metallic black color, magnetic) 

C../ 

3.) 

4.) Dropsi~e CaMgSi 206 1 1 1 k d · · c ear, co or ess, mar e str1at1ons 

5.) 

6.} 

7.) 

8.) 

9.) 

Tremolite ca2Mg 5s; 8o22 (0H) 2 bladed or columnar 
Wallastenite CaSi03 
Talc - f.1g 3s; 4o10(0H2) - micaceous, silvery white, translucent 

Calcite ~ CaC03 - white, effervesces in HCl acid 

Serpentine - Mg 3s; 2o5(0H) 4 - striations, columnar, greenish color 

Chlorite - (MgFe) 5 (Al Fe )2 Si 3o10 (0H) 8 - green color, micaceous 

Cu minerals (very minor) 
total assay only .28% Cu 
.19% s 

- bornite Cu 5FeS 4 - purple, blue to black 
cavellite CuS - blue 
calcocite cu2s - lead gray 
chalcopyrite CuFeS 2 - brass yellow 
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Chemex Labs Ltd. 

. 

. 

Analytical Chemists • Geochemists • Registered As sayers 

212 Brooksbank Ave., Nor1h Vancouver 
' 

British Columbia, Canada V7J 2C1 
PHONE: 604-984-0221 

I CERTIFICATE A9117931 -1 
STEFFEN ROBERTSON AND KIRSTEN (B.C.) lNC. 

Project: 
PO# 

90149 (JWG) 

Samples submitted to our lab in Vancouver, BC. 
This report was printed on 24-JUL-91. 

SAMPLE PREPARATION 

CHEMEX NUMBER 
CODE SAMPLES DESCRIPTION 

208 4 Assay ring to approx 150 mesh 
294 2 Crush and split (0-10 pounds) 

CHEMEX 
CODE 

1119 
466 

1066 
380 

1117 
1118 
1970 
1971 

NUMBER 
SAMPLES 

4 
4 
4 
4 
4 
4 
4 
4 

To: STEFFEN ROBERTSON AND KIRSTEN (B.C.) INC. 

SUITE 800- 580 HORN BY ST. 
VANCOUVER, BC 
V6C386 

Comments: ATTN: JOHN CHAPMAN 

ANALYTICAL PROCEDURES 

DESCRIPTION METHOD 

Paste pH POTENTIOMETER 
S04 %: Acid or H20 leach GRAVIMETRIC 
S %: BN03-hromide digestion GRAVIMETRIC 
S %: Leco induction furnace LECO-IR DETECTOR 
Maximum potential acidity CALCULATION 
Neutralization potential TITRATION 
Net neutralization potential CALCULATION 
Neutraliz. pot. acidity ratio CALCULATION 

·-· 

DETECTION 
LIMIT 

N/A 
0.01 
0.01 

0.001 
N/A 
N/A 
N/A 
N/A 

A9117931 

UPPER 
LIMIT 

N/A 
100.00 
100.00 
100.0 

N/A 
N/A 
N/A 
N/A 

(') 
~ 
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SAMPLE 
DESCRIPTION 

90~49/~ 

90~49/2 

90149/3 
90~49/4 

Chemex Labs Ltd. 
Analytical Chemists • Geochemists • Registered Assayers 

212 Brooksbank Ave., North Vancouver 
British Columbia, Canada V7J 2C1 
PHONE: 604-984-0221 

PREP PASTE S04 
CODE pH % * 

208 294 9.~ 0.~2 

208 294 9.0 0.02 
208 -- 9.3 0.19 
208 9.1 0.13 

Sulfide 
S% *** 

0.35 
0.02 

< 0.0~ 
< 0.01 

To: STEFFEN ROBERTSON AND KIRSTEN (B.C.} INC. •• 

SUITE 800 - 580 HORNBY ST. 
VANCOUVER, BC 
V6C3B6 

Project : 90149 {JWGl 
Comments: ATTN: JOHN CHAPMAN 

Page Number : 1 
Total Pages : 1 
Certificate Date: 24-JUL-91 
Invoice No. : I 9117931 
P.O. Number : 

I CERTIFICATE OF ANAL VSIS A9117931 I 
s % MAX POT Neutral Net Neu RATIO 
(Leco) ACID ** Poten** Poten** NP/MPA 

0.583 ~8 52 34 2. 89 u; c::r !2." F-£' p1l<Z. 
0.045 1 25 24 25.00 ~.c. 'I' R.~ ~~~-0.181 6 209 203 34.80 0 cl .. ,., 
0.~32 4 283 279 70.80 A- Vc:~. 1[, :.:1 +o-i 1-:!. 

:!?/ 20:r&/~ 



~ 
Chemex Labs Ltd. 

Analytical Chemists • Geochemists • Registered As sayers 
212 Brooksbank Ave., North Vancouver 
British Columbia, Canada V7J 2C1 
PHONE: 604-984.0221 

I CERTIFICATE A9117932 I 
STEFFEN ROBERTSON AND KIRSTEN (B.C.) INC. 

Project: 90149 (JWG) 
P.O.#: 

Samples sUbmitted to our lab in Vancouver, BC. 
~is report was printed on 23-JUL-91. 

SAMPLE PREPARATION 

CHEMEX NUMBER 
CODE SAMPLES DESCRIPTION 

299 4 Sample split from other oertif 
233 4 Assay AQ ICP digestion charge 

f,o. "'"""" 
h. 

The 32 element ICP package is suitable for 
trace metals in soil and rook samples. 
Elements for which the nitric-aqua regia 
digestion is possibly incomplete are: Al, 
Ba, Be, Ca, Cr, Ga 1 K, La, Mg, Na, Sr 1 T1 1 

Tl, W. 

CHEMEX 
CODE 

922 
921 
923 
924 
925 
926 
927 
928 
929 
930 
931 
932 
933 
951 
934 
935 
936 
937 
938 
939 
940 
941 
942 
943 
958 
944 
945 
946 
947 
948 
949 
950 

NUMBER 
SAMPLES 

4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 

To: STEFFEN ROBERTSON AND KIRSTEN (B.C.) INC. 

SUITE 800 - 580 HORNBY ST. 
VANCOUVER, BC 
V6C386 

Comments: ATTN: JOHN CHAPMAN 

ANALYTICAL PROCEDURES 

DESCRIPTION METHOD 

Ag ppm: 32 element, soil & rock ICP-AES 
Al %: 32 element, soil & rock ICP-AES 
As ppm: 32 element, soil • rock ICP-AES 
Ba ppm: 32 element, soil ' rock ICP-AES 
Be ppm: 32 element, soil & rock ICP-AES 
Bi ppm: 32 element, soil & rock ICP-AES 
Ca %: 32 element, soil ' rock ICP-AES 
Cd ppm: 32 element, soil & rock ICP-AES 
Co ppm: 32 element, soil & rock ICP-AES 
Cr ppm: 32 element, soil & rock ICP-AES 
cu ppm: 32 element, soil & rock ICP-AES 
Fe \: 32 element, soil & rock ICP-AES 
Ga ppm: 32 element, soil & rock ICP-AES 
Bg ppm: 32 element, soil & rock ICP-JIES 
K \: 32 el.ement, soil ' rock ICP-AES 
La ppm: 32 element, soil & rock ICP-AES 
Hg \: 32 element, soil ' rock ICP-AES 
Mn ppm: 32 element, soil & rock ICP-AES 
Mo ppm: 32 element, soil & rock ICP-AES 
Na \: 32 element, soil. ' rock ICP-AES 
Ni ppm: 32 element, soil ' rock ICP-AES 
P ppm: 32 element, soil & rook ICP-AES 
Pb ppm: 32 element, soil & rock ICP-AES 
Sb ppm: 32 element, soil & rock ICP-AES 
So ppm: 32 elements, soil ' rock ICP-AES 
Sr ppm: 32 element, soil & rock ICP-AES 
Ti t: 32 element, soil ' rock ICP-AES 
Tl ppm: 32 element, soil & rock ICP-AES 
0 ppm: 32 element, soil & rock ICP-AES 
V ppm: 32 element, soil ' rock ICP-AES 
W ppm: 32 element, soil & rock ICP-AES 
Zn ppm: 32 element, soil & rock ICP-AES 

DETECTION 
liMIT 

0.2 
0.01 

5 
10 

0.5 
2 

0.01 
0.5 

1 
1 
1 

0.01 
10 

1 
0.01 

10 
0.01 

5 
1 

0.01 
1 

10 
2 
5 
1 
1 

0.01 
10 
10 

1 
10 

2 

A9117932 

UPPER 
UMlT 

200 
15.00 
10000 
10000 
100.0 
10000 
15.00 
100.0 
10000 
10000 
10000 
15.00 
10000 
10000 
10.00 
10000 
15.00 
10000 
10000 
5.00 

10000 
10000 
10000 
10000 
10000 
10000 
5.00 

10000 
10000 
10000 
10000 
10000 

(") 
f\3 
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SliMP I.E 
DESCRIPTION 

90149/1 
~0149/2 

~0149/3 
190149/4 

Chemex Labs Ltd. 
Analytical Chemists • Geochemists • Regislered Assayers 
212 Brooksbank Ava., North Vancouver 
British Columbia, Canada V7J 2C 1 
PHONE: 604-984.0221 

PREP Ag Al As Ba Be 
CODE ppm ' PFIII ppm ppm 

299 233 2.2 0.!17 < 5 1520 < 0.5 
299 233 1.8 2.19 5 60 <0.5 
2!19 233 < 0.2 1.63 < 5 130 1.5 
299 233 < 0.2 2.34 5 170 1.0 

Bi 
ppm 

4 
< 2 
< 2 
< 2 

Ca 

' 
2.23 
3.71 
6.12 
9.21 

To; STEFFEN ROBERTSON AND KIRSTEN (B.C.)INC. 

SUITE 800 - 580 HORNBY ST. 
VANCOUVER, BC 
vsc 386 

Project ; 90149 (JWGI 
Comments: ATTN: JOHN CHAPMAN 

Page Number :1-A 
Total Pages :1 
Cerlilicata Data: 23-JUL-91 
Invoice No. :19117932 
P.O. Number : 

[ ___ ~ERTIFICATEOF ANALYSIS A9117932 I 
Cd Co Cr Cu Fe Ga Bg K La Mg Mn Mo 

ppm ppm ppm ppn ' ppn ppm ' ppm % ppm ppn 

0.5 11 48 674 2.20 20 < 1 0.15 20 1.11 345 74 y 
2.0 9 14 310 1.44 20 l 0.16 60 1.28 170 < 1 I 

< 6.5 47 42 2080 >15.00 10 < l 0.22 < 10 6.30 780 8 0 
< 0.5 23 51 2260 6.08 10 < 1 0.23 < 10 7.95 625 2s A 

6. (;~-~£ 
' ., 
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SJ.MPLE 

DESCRIPTION 

90149/l 
90149/2 
90149/3 
90149/4 

Chemex Labs Ltd. 
Analytical Chemists • Geochemists • Registered Assayers 

212 Brooksbank Ave., Norlh Vancouver 
British Columbia, Canada V7J 2C1 
PHONE: 604-984.0221 

PREP Na Ni p Pb Sb 
CODE % ppm ppl ppm ppll 

299 233 0.06 12 560 36 5 
299 233 0.08 B 3890 36 < 5 
299 233 0.04 20 550 6 10 
29!1 233 0.04 23 59() 8 10 

Sc 
ppm 

3 
2 
4 
5 

Sr 
ppn 

37( 
65 

185 
325 

To: STEFFEN ROBERTSON AND KIRSTEN (B.C.) INC. .. 

SUITE 800- 580 HORNBY ST. 
VANCOUVER, BC 
V6C386 

Project : _ 90149 (JWG) 
Comment$: ATTN: JOHN CHAPMAN 

Page Number : 1-B 
Tolal Pages : 1 
Certificate Date: 23-JUL-91 
Invoice No. ; I 9117932 
P.O. Number : 

l ___ CERTIFICATE OF ANALYSIS A9117932 I 
-------- -- --

i'i 'rl u v w .Zn 
% ppn ppm ppl ppm ppl 

0.03 < 10 130 31 < 10 168 
0.06 < 10 100 37 < 10 90 
0.08 < 10 10 36 < so 120 
0.10 < 10 60 41 < 10 94 

/{ /:_ ~fl 
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~u COASTECH RESEARCH INC. 
I 

Via Fax & Mail : 687 5532 
No. of pages : 02 

Steffen, Robertson & Kirsten 
#800 - 580 Hornby Street 
Vancouver, B.C. 
V6C 3B6 

Attn: Mr. John Chapman, P. Eng. 

Dear John, 

September 30, 1991 

Please find enclosed the acid base account test result for the JWG 
sample (SRK Job # : 90-149). The test was conducted on a representative 
sample which was obtained by multiple riffling of the entire screened sample 
(approx. 15 kg). Due to an error in sample labelling, please disregard the 
set of results I faxed to you on September 6, 1991. 

We sincerely regret the error in the initial test and apologise for any 
inconvenience this matter might have caused. 

Yours very truly, 

COASTECH RESEARCH INC. 

Senior 

Enclosure. 



SAMPLE PASTE 
pH 

Composite Sample 8.97 

Steffen, Robertson & Kirsten 
SRK Job # ; 90 · 149 (JWG) 
Coastech Project No. M181 

ACIO·BASE ACCOUNT 

S(T) S(S04) S(S) ACID * 
(%) (%) (%) POTENTIAL 

0.27 0.06 0.21 6.5 

September 30, 1991. 

NEUT. * NET * 
POTENTIAL NP 

68.5 61.9 

*Acid potential, neutralization potential and net neutralization potential are given 
in kg CaC03 equivalent per tonne. 

Note :A negative Net Neutralisation Potential (Net NP) indicates that the sample is a 
potential source of acid mine drainage. 

~-------------------------------------------------COASTECH ________ ~ 





EPORTON: 

"EPORTED ro: 

ILE NO: 

DATE: 

Analysis of Water Samples 

Thompson Geotechnical Consultants 
225 • 18th Gostick Place 
North Vancouver, B.C. 
V7M 3G3 

Att'n: Brian Thompson 

8096H 

September 7, 1989 (Amended September 12, 1989) 

We have tested the samples submitted by you and report as follows: 

-AMPLE IDENTIFICATION: 

he samples were identified as: 

PROJECT NAME: 
'"'ATE SAMPLED: 

ATE SUBMITIED: 
1 YPE OF CONTAINER: 

WHC-80001 
August 16 & 17, 1989 
August 18, 1989 
Plastic 

>r further Identification, see "Results of Testing". 

SUMMARY: 

or the chemical parameters tested, some of the samples did not meet the limits set by the "British 
Columbia Drinking Water Quality Standards, 1982", Province of B.C., Ministry of Health and 
"Suidelines for Canadian Drinking Water Quality, 1978", published by authority of Health and Welfare 
:anada, as indicated in the "Results atTesting". 

Parameters are limited for health or aesthetic reasons. The parameters that did not meet the limits 
rere pH, color, manganese and total dissolved solids, which are limited primarily for aesthetic 

_onsiderations. 

he water represented by the samples submitted may be characterized as high in dissolved 
1ineralization and hard with respect to hardness. 

9ESULTS OF TESTING 

uME/csd 
C:WATER 

CanTest Ltd 

Professional 

Analytical 

Services 

Suite 200 

1523 West 3rd Ave 

Vancouver, BC 
V6J 1J8 

Fax: 604 731 2386 

Tel: 604 734 7276 

20 
Years of 
Analytical 
Excellence 
since 1969 



10mpson Geotechnical Consultants 
'ile No: 8096H 
'1ge No: 2 

· "'iAMPLF.IDENTIFICATION AND RESULTS OF TESTING: 

~MPLE# 8096-1 
...,.;.JENT SAMPLE I.D. COPPER LAKE 

AUG. 17 

iVSICAL TESTS 
[ H (pH units) 8.33 

'1nductivity (usjcm) 675. 
· ue Color (CU) 5. 
lurbidity (NTU) 3.3 
iardness as CaC03 381. 

·, .Jtal Dissolved Solids (mg/L) 675.x 
'"----~ -~·""' 

$SOLVED ANIONS (mg/L) 
kalinity: 

Bicarbonate HC03 389. 
"';arbonate C03 Nil 
lydroxide OH Nil 

~,.;nloride Cl 19.5 
;ulfates 504 87.3 

tratesjNitrites N <0.03 
, .i..lorides F 0.12 

SSOLVED METALS (mgjL) 
1lcium _, Ca 106. 

Magnesium.., Mg 27.7 
''X:lium v Na 23.0 

>tassiumv K 6.63 

ron v Fe ;;a.~ 
:mganesev Mn ,_J.04x_ 

..... iiconv Si02 14.9 

)TAL METALS (mg/L) 
3gnesium../ Mg 27.7 

Iron V' Fe 0.11 
':mganese ..1 Mn 1.24x 

~,.;opper ../ Cu 0.008 
\rsenic J As <0.001 

= filtered on a 0.45 micron membrane 
** = total nitrate and nitrite nitrogen 

C4 

8096-2 8096-3 MAXIMUM 
POND 2403 LOWER CRATER ACCEPTABLE 
AUG. 16 LAKE- AUG.16 CONC.*** 

8.26 8.61x 6.5-8.5 
383. 600. 
<5. 20.x 15. 

0.23 2.0 5. 
215. 323. 

366. --.Jj_§S.x· 500.* 

254. 349. 
Nil Nil 
Nil Nil 

1.5 13.3 250. 
13.4 53.2 500. 
<0.05 <.05 10.** 

0.10 <0.05 1.5 

65.8 87.2 
11.9 24.9 
4.20 16.3 
1.51 3.23 

<0.030 <0.030 0.30 
<0.003 <0.003 0.05 
13.3 20.6 

r--.. 
12.2 25.4 
<0.030 <0.030 0.30 
<0.003 0.045 0.05 

0.003 0.003 1.0 
<0.001 <0.001 0.05 

* = maximum acceptable concentration as set by "B.C. Drinking Water Quality Standards, 1982" and "Guidelines for 
Canadian Drinking Water Quality, 1978" 

< = less than; mg/L = milligrams per litre 
~ exceeded the "guidelines" 



10mpson Geotechnical Consultants 
ile No: 8096H 
'lge No: 3 

• '-'AMPLE IDENTIFICATION AND RESULTS OF TESTING: 

' ~MPLE# 8096-4 
I.. ..lENT SAMPLE I.D. '8' POND 

' AUG. 17 
I 
I iYSICAL TESTS 

, -H (pH units) 8.60x 
I '?nductivity (us/em) 589. 

ue Color (CU) <5. 
·, urbldity (NTU) 0.65 

lard ness as CaC03 275. 

· . .Jtal Dissolved Solids (mg/L) 454. 

SSOLVED ANIONS (mg/L) 
kalinity: 

Bicarbonate HC03 188. 
~"",arbonate C03 Nil 
iydroxide OH Nil 

\...onloride Cl 1.60 
)ulfates 504 ~Y,:f§~~ 

tratesjNitrites N <0.05 
, .Jorides F 0.36 

'SSOLVED METALS (mgjl) 
1icium Ca 29.0 

Magnesium Mg 48.1 
~'1dium Na 14.5 

>tassium K 10.6 

'ron Fe <0.030 
anganese Mn <0.003 

_.Iicon Si02 8.68 

. )TAL METALS (mgjl) 
agnesium Mg 51.1 

Iron Fe 0.037 
'•':lnganese Mn <0.003 

\...oOpper Cu 0.020 
<\rsenic As <0.001 

** 
= filtered on a 0.45 micron membrane 
= total nitrate and nitrite nitrogen 

C.4 
Cl\NT-:s~ 

8096-5 8096-6 MAXIMUM 
Bii SPRINGS POND2465 ACCEPTABLE 
AUG. 17 AUG. 16 CONC.*** 

8.43 8.56x: 6.5-8.5 
321. 325. 
<5. 15. 15. 

0.21 4.1 5. 
184. 170. 

313. 321. 500.* 

220. 237. 
Nil Nil 
Nil Nil 

0.25 1.47 250. 
9.63 ("3.15 500. 

<0.05 0.21 10.** 
0.10 0.20 1.5 

56.7 ........ t 20.5 .. 
9.92 '· "28,;}_. 

2.78 12.1 
1.18 3.93 

<0.030 <0.030 0.30 
<0.003 <0.003 0.05 
12.6 14.4 

10.0 27.6 
0.048 0.099 0.30 

<0.003 0.024 0.05 

0.003 0.003 1.0 
<0.001 <0.001 0.05 

* = maximum acceptable concentration as set by "B.C. Drinking Water Quality Standards, 1982" and "Guidelines for 
canadian Drinking Water Quality, 1978" 

< = less than; mgjl = milligrams per litre 
= exceeded the "guidelines" 



ASL 
CHEMICAL ANALYSIS REPORT 

Date: Jul. 29, 1991 

ASL File No. 7203B 

Report On: Water Analysis (90149) 

Report To: SRK Robinson Inc. 
801 - 500 Hornby Street 
Vancouver, BC 
V6C 3B6 

Attention: Mr. John Chapman 

Date Received: Jul. 12, 1991 

METHODOLOGY 

Conventional Parameters 

These analyses are carried out in accordance with procedures 
described in "Standard Methods for the Examination of Water and 
wastewater" 17~h Ed. published by the American Public Health 
Association, 1989. Further details are available on request. 

Metals 

These analyses were carried out in accordance with procedures 
described in "Standard Methods for the Examination of Water and 
Wastewater" 17th Edition published by the American Public Health 
Association, 1989. The procedures involve a variety of instrumental 
analyses including atomic emission spectrophotometry (ICP) 
and atomic absorption spectrophotometry (AA) to obtain the 
required detection limit for each element. Specific details are 
available on request. 

ASL ANALYTICAL SERVICE LABORATORIES LTD. 

~~-0~c~~ 
Frederick Chen B.Sc. 
Project Chemist 

James R. Downie 
Supervisor, Trace Metals Lab 

analytical service laboratories ltd. 
1988 Triumph Street, Vancouver, B.C. Canada V5L 1K5 • Fax (604) 253-6700 • Telephone (604) 2534188 



RESULTS OF ANALYSIS - Water 

Parameter· 

Phxsical Teats 
Conductivity umbos/em 
Total Dissolved Solids 
pH 
Total Suspended Solids 

Dissolved Anions 
Alkalinity CaC03 
Chloride Cl 
Fluoride F 

Sulphate S04 

crater 
Lake 

Tailings 
Pond 

JulOS/91 JulOS/91 JulOS/91 

721 673 2050 
577 540 1660 
8.24 8.20 7.70 
5 1 50 

329 279 59.5 
16.5 11.2 a.a 
0.29 0.19 0.98 
90.5 115 765 

Results are expressed as milligrams per litre except for pH and 
COnductivity (umbos/em). 
< ; less than detection limit indicated. 

C5 

ASL 
File No. 7203B 
Page 2 
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ASL 

RESULTS OF ANALYSIS - Water File Ho. 7203B 
Page 3 

Copper Crater 'railings 
Lake Lake Pond 

Parameter JulOS/91 Jul.OS/91 JulOS/91 

Total Metals 
Aluminum T-Al <0.20 <0.20 <0.20 
Antimony T-Sb <0.20 <0.20 <0.20 
Arsenic T-As 0.0026 0.0006 <0.20 
Barium T-Ba 0.025 0.112 0.023 
Beryllium 'l'-Be <0.005 <0.005 <0.005 

Bismuth T-Bi <0.10 <0.10 <0.10 
Boron T-B <0.10 <0.10 <0.10 
Cadmium T-ed <0.0002 <0.0002 <0.010 
Calcium T-ea 101 99.1 lOS 
Chromium T-Cr <0.015 <0.015 <0.015 

cobalt T-Co <0.015 <0.015 <0.015 
Copper T-CU <0.010 <0.010 0.055 
Iron T-Fe <0.030 <0.030 0.077 
Lead T-Pb <0.001 <0.001 <0.050 
Lithium T-Li <0.015 <0.015 <0.015 

Magnesium T-Mg 26.6 24.8 91.3 
Manganese T-Mn 0.131 <0.005 0.028 
Molybdenum T-Mo <0.030 <0.030 0.224 
Nickel T-Ni <0.020 <0.020 <0.020 
Phosphorus T-P <0.30 <0.30 <0.30 

Potassium T-K 5.7 3.3 23.8 
Selenium T-Se <0.0005 <0.0005 <0.20 
Silicon T-Si 7.84 6.07 1.64 
Silver T-Ag <0.015 <0.015 <0.015 
Sodium T-N a 22.8 16.3 34.3 

Strontium T-Sr 0.754 0.700 5. 72 
Thallium T-Tl <0.10 <0.10 <0.10 
Tin T-Sn <0.30 <0.30 <0.30 
Titanium T-Ti <0.010 <0.010 <0.010 
Tungsten T-W <0.10 <0.10 <0.10 
vanac:iium T-V <0.030 <0.030 <0.030 
Zinc T-Zn <0.005 0.033 0.236 

Results are expressed as milligrams per litre except for pB and 
Conductivity (umbos/em). 
< = less than detection limit indicated. 



RESULTS OF ANALYSIS - Water 

Parameter 

Dissolved Metals 
Aluminum· o-Al 
Antimony 0-Sb 
Arsenic 0-As 
Barium D-B a 
Beryllium 0-Be 

Bismuth O-Bi 
Boron 0-B 
Cadmium D-Ccl 
Calcium 0-Ca 
Chromium o-cr 

cobalt 0-Co 
Copper 0-CU 
Iron o-Fe 
Leacl 0-Pb 
Lithium D-Li 

Magnesium 0-Mg 
Manganese 0-Mn 
Molybclenum o-Mo 
Nickel 0-Ni 
Phosphorus D-P 

Potassium D-K 
Selenium D-Se 
Silicon D-Si 
Silver 0-Ag 
Sodium D-Na 

Strontium D-Sr 
Thallium D-Tl 
Tin o-sn 
Titanium 0-Ti 
Tungsten o-w 
Vanadium D-V 
Zinc D-Zn 

Inorganic Parameters 
Dissolved Inorganic carbon c 

Copper 
Lake 
Jul.OS/91 

<0.20 
<0.20 
0.0025. 
0.025 
<0.005 

<0.10 
<0.10 
<0.0002 
85.5 
<0.015 

<0.015 
<0.010 
<0.030 
<0.001 
<0.015 

22.6 
<0.005 
<0.030 
<0.020 
<0.30 

4.4 
<0.0005 
7.83 
<0.015 
19.7 

0.660 
<0.10 
<0.30 
<0.010 
<0.10 
<0.030 
<0.005 

149 

Crater 
Lake 
JulOS/91 

<0.20 
<0.20 
0.0006 
0.112 
<0.005 

<0.10 
<0.10 
<0.0002 
92.2 
<0.015 

<0.015 
<0.010 
0.040 
<0.001 
<0.015 

23.2 
0.016 
<0.030 
<0.020 
<0.30 

3.4 
<0.0005 
5.74 
<0.015 
16.2 

0.682 
<0.10 
<0.30 
<0.010 
<0.10 
<0.030 
<0.005 

164 

Tailings 
Pond 
JulOS/91 

<0.20 
<0.20 
<0.20 
0.022 
<0.005 

<0.10 
<0.10 
<0.010 
108 
<0.015 

<0.015 
0.048 
<0.030 
<0.050 
<0.015 

91.3 
0.025 
0.221 
<0.020 
<0.30 

23.7 
<0.20 
1. 59 
<0.015 
33.8 

5.56 
<0.10 
<0.30 
<0.010 
<0.10 
<0.030 
0.230 

123 

Results are expressed as milligrams per litre except for pH and 
Conductivity (umbos/em). 
< = less than detection limit indicated. 

End of Report 
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C5 

WHITEHORSE COPPER WATER SAMPLING July m~u 

LOCATION ' Guidelines (CCREMH: Copper Tailings Crater ' 
' Drinking Aquatic ' Lake Pond Lake ' ' 

Sample Number Water Freshwater: 
Date ' Jul05/9! Jul05/9! Jul05/91 
Time 09:45 !)'3: 45 0'3: 45 

Physical Tests 
Conductivity umhosfcm 673 2050 721 
Total Dissolved Solids 500 540 16£0 577 ' I 
pH i£,5 - S.5 6.5 - 9.0 I 8.20 7.70 8.24 I 

I I 

Total Suspended Solids 1 50 5 ' I 
Di;solved Anions 
Alkalinity CaC03 279 59.5 329 ' ' 
Chloride Cl 250 11.2 8.8 !U ' I 
Fluoride r 1.5 0.!9 0.98 0.29 I 

I 

Sulph"te sa~ 500 liS 765 90.5 ' I 
Total Metals 
Aluminum T-Al 0.1 (0.20 (0.20 (0.20 I 

I 

Antimony Hb (0.21) <0.20 <0.20 ' I 
Arsenic T-As 0.05 0.05 I 0.0006 {0,20 o.om ' I ' 
Barium T-Ba 1.0 0.112 0.023 0.025 I 

I 

Beryllium T-B~ <0.005 {0.005 (0.005 I 

' 
Bismuth Hi (0.10 <0.10 {0. 10 ' I 
Boron H 5.0 \C.! 0 (0.10 (0. !0 I 

I 

Cadmium Hd 0.005 0.0018 I {0.0002 (0.010 <0.0002 I 
I I 

Calcium T-Ca 9'3, I lOB 101 I 

' 
Chromium T -Cr 0.05 0.02 I (0.015 (0.015 (0.015 ' ' I 

Cobalt T-Co (0.015 (0.1)15 (0.015 I 

• 
Cc•pper T-Cu 1.0 0.004 ' <0.010 0.055 (0.010 I 

I I 

!r OG T-Fe 0.3 0.3 ' (0.030 0.077 {0.030 ' I I 

Lead T-Pb 0.05 0.007 I (0.001 (0.050 (0.001 ' I ' 
Lithium T-Li (0.015 (0.015 (0.015 I 

I 

Magnesium T-Mg 24.8 91.3 26.6 I 
I 

Manganese T -Mn 0.05 (0.005 0.028 0.!31 I 

' 
Molybder.u~ T-Mo 0,25H o.osu I <0.030 0.224 (0.030 I 

I i 

Ni~:kei Hi o.! 1 {f),020 (0.020 <0.020 ' I 
Phosphorus H' (0.30 <0.30 (0.30 I 

I 

Pota~sium T-K , ' 23.8 e 7 I 

"'" ~ .. I 

Selenium T-Se 0.01 0.00! <0.0005 <0.20 <0.0005 ' I 
Silic.:n T-Si 6.07 1.64 7.84 ' I 
Silver Hg 0.05 0.0001 (0.015 (0.015 (0.0!5 I 

I 

Sed i um T·Na 16.3 3U 22.8 ' I 
Strontium T-Sr 0.700 5.720 0.:754 I 

I 

Tha: iium :-Tl (0.10 <O .10 <0. 10 I 
I 

T" T-Sn (0.30 (0.30 <0.30 I 
i lrl ' 
Titanium T-Ti <0.010 <0.010 <0.010 I 

I 

'\/ 01i: Frf-t Tun;sten H <0.10 (t),!O <O. !0 I 
I 

Van .ld i um T-V {0.030 (0.030 <0.030 I 

no+ CC:t-11~( dti't-f. c-i I 

'. T-Zn 5.0 0.03 0.033 0.236 (0.005 ' Line I 

f. i./ ll. tv\ ttl-t () "' IV) 

f Extra.: ted from CCREM (1987) Guidelines ?0 c\./-1..,; -f~ ~ U f . 
H s~ain ( 1986) 

11<-* ~(Jyytt.,H#/~''/fvrtC( 
tV\ th.A l-1 -<.. t 

--1 .• /-' .-..:::;;::___, _/,.; 



ASL 
CHE~ICAL ANALYSIS REPORT 

Date: Sep. 04, 1991 

ASL File No. 77518 

Report On: 

Report To: 

Water Analysis (90149) 

SRK Robinson Inc. 
BOO - 580 Hornby Street 
Vancouver, BC 
V6C 386 

Attention: Mr. John Chapman 

Date Received: Aug. 16, 1991 

METHOOOLQGY 

Conventional Parameters 

r""--'*""''--"""~":o-·=· .... -~--·-

~11s;;v;~ 

SEP 18 1991 

hils~ 
---·-·-· .. - ..... IIIIo ....... .. 

This analysis is carried out in ac.cordance with procedures 
described in "Standard Methods for the Examination of Water and 
Wastewater" 17th Ed. published by the American Public Health 
Association, 1989. Further details are available qn request. 

Metals 

This analysis is carried out in accordance with procedures 
described in "Standard Methods for the Examination of Water and 
wastewater" 17th Edition published by the American Public Health 
Association, 1989. The procedures involve a variety of instrumental 
analyses including atomic emission spectrophotometry (ICP) 
and atomic absorption spectrophotometry (AA) to obtain the 
required detection limit for each element. Specific details are 
available on request. 

ASL ANALYTICAL SERVICE LABORATORIES LTD • 

. .Jcc(e~ G-~;C--_,__ 
Frederick Chen B.Sc. 
Project Chemist 

James R. Downie 
Supervisor, Trace Metals Lab 

analytical service laboratories ltd. 
1988 Triumph Street, Vancouver, B.C. Canada V5L 1K5 • Fax (604) 253-6700 • Telephone (604) 253-4188 e 
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RESULTS OF ANALYSIS - Water 

);~ ~.(\. .f'l 
~ 

J~ ~j 
~ ~~ 4}l") v~ ~<.:> 

t1 12 13 
Parameter Aug14/91 Augl4/91 lwgl4/91 

P!U:sical Tests 
Conductivity umbos/em 401 383 411 
Total Dissolved Solids 320 306 320 
pH 7.71 7.68 7.42 
Total Suspended Solids <1 <1 <l 

Dissolved Anions 
Alkalinity caco3 217 222 235 
Chloride Cl 1.7 0.6 1.2 
Fluoride F o.oa 0.09 0.10 
Sulphate S04 15.9 9.7 10.7 

Results are expressed as milliqrams per litre except for pB and 
Conductivity (umbos/em). 
< = Less than the detection limit indicated. 

ASL 
File Ro. 7751B 
Page 2 

~(~ 
~~ 
\·I 

(}~" ~~~q,; 
14 IS 
AuglS/91 AuglS/91 

667 381 
530 305 
8.04 8.33 
3 <l 

283 56.8 
11.8 10.9 
0.15 0.12 
109 136 



RESULTS OF ANALYSIS - Water 
",1 ll- q_/ ~ ~'t' 

<?? 
§~ ~ Q;j • 
f6 17 

Parameter AuglS/91 Aug15/91 

Ph:y;aical. 'l'esta 
Conductivity umhos/cm 791 1370 
'l'otal Dissolved Solids 630 1100 
pB 7.45 7.91 
Total Suspended Solids <1 4 

Dissolved Anions 
Alkalinity CaC03 290 79.2 
Chloride Cl 12 .o 3.4 
Fluoride F 0.17 l.2l 
Sulphate S04 165 762 

Results are expressed as milligrams per litre except 
Conductivity (umhos/cm). 
< = Less than the detection limit indicated. 

ASL 

File No. 7751B 
Pag:e 3 

,'\I' l~ )J} 
~~'{} f~~ 

\,))'~ sir~-"<)~ \~ 

18 19 flO 
Aug15/91 AuglS/91 AuglS/91 

358 310 327 
287 248 260 
8.16 7.80 7.91 
3 13 <1 

157 169 187 
<0.5 1.7 <0.5 
0.28 0.15 0.10 
47.4 16.7 10.6 

for pH and 

YUKON ENERGY, MINES 
& RESOURCES L.IBRARV 
P.O. BOX 2703 
WHITEHORSE, YUKON Y1 A 2C6 
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RESULTS OF ANALYSIS - Water 

Parameter 

Physical 'l'estB 
conductivity umbos/em 
Total Dissolved Solids 
pH 
Total Suspended Solids 

Dissolved Anions 
Alkalinity caoo3 
Chloride cl 
Fluoride I!' 

Sulphate S04 

_t{l.-~~ 
GtJ.\f 

Ill 
Aug15/91 

708 
566 
8.10 
3 

317 
18.0 
0.28 
94.0 

Results are expressed as milligrams per litre except for pH and 
COnductivity (umbos/em). 
< = Less than the detection limit indicated. 

ASL 
File Ro. 7751B 
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11 12 13 14 IS 
Parameter Aug14/91 Aug14/91 Aug14/91 AuglS/91 AuglS/91 

Total Metals 
Aluminum T-Al <0.20 <0.20 <0.20 <0.20 <0.20 
l\ntimony T-Sb <0.20 <0.20 <0.20 <0.20 <0.20 
Arsenic T-As 0.0005 0.0007 0.0007 0.0009 0.0012 
Barium T-Ba 0.065 0.057 0.086 0.116 0.048 
Beryllium T-Be <0.005 <0.005 <0.005 <0.005 <0.005 

Bismuth 'l'-Bi <0.10 <0.10 <0.10 <0.10 <0.10 
Boron T-B <0.10 <0.10 <0.10 <0.10 <0.10 
Cadmium T-Cd 0.0003 <0.0002 0.0003 <0.0002 0.0002 
Calcium T-Ca 67.6 67.1 70.8 99.3 36.7 
Chromium T-Cr <0.015 <0.015 <0.015 <0.015 <0.015 

cobalt T-CO <0.015 <0.015 <0.015 <0.015 <0.015 
COpper T-CU 0.014 0.047 0.028 <0.010 <0.010 
Iron T-Fe 0.034 <0.030 0.105 0.039 <0.030 
Lead T-Pb <0.001 <0.001 0.001 <0.001 <0.001 
Lithium T-Li <0.015 <0.015 <0.015 <0.015 <0.015 

Magnesium T-Mg 12.5 12.1 11.6 25.9 19.7 
Manganese T-Mn <0.005 <0.005 0.061 0.033 0.007 
Molybdenum T-Mo <0.030 <0.030 <0.030 <0.030 <0.030 
Nickel 'l'-Ni <0.020 <0.020 <0.020 <0.020 <0.020 
Phosphorus '1'-P <0.30 <0.30 <0.30 <0.30 <0.30 

Potassium '1'-X <2.0 <2.0 2.1 3.4 2.2 
Selenium T-Se <0.0005 <0.0005 <0.0005 <0.0005 <0.0005 
Silicon T-Si 5.66 5.90 7.00 6.95 1.85 
Silver T-Ag <0.015 <0.015 <0.015 <0.015 <0.015 
Sodium T-Na 4.2 3.9 5.7 16.9 15.8 

Strontium T-Sr 0.276 0.250 0.278 0.705 0.414 
Thallium T-Tl <0.10 <0.10 <0.10 <0.10 <0.10 
Tin '1'-Sn <0.30 <0.30 <0.30 <0.30 <0.30 
Titanium '1'-Ti <0.010 <0.010 <0.010 <0.010 <0.010 
TUngsten T-W <0.10 <0.10 <0.10 <0.10 <0.10 

Vanadium '1'-V <0.030 <0.030 <0.030 <0.030 <0.030 
Zinc '1'-Zn 0.364 0.020 0.419 <0.005 <0.005 

Results are expressed as milligrams per litre. 
< = Less than the detection limit indicated. 
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16 17 18 19 110 
Parameter Aug1S/91 Aug15/91 Aug15/91 Aug15/91 AuglS/91 

Tot.!Y,.Hetals 
Aluminum T-Al <0.20 <0.20 <0.20 <0.20 <0.20 
Antimony T-Sb <0.20 <0.20 <0.20 <0.20 <0.20 
Arsenic T-AS 0.0006 0.0005 0.0011 0.0001 0.0011 
Barium T-Ba 0.140 0.024 0.055 0.034 0.055 
Beryllium T-Be <0.005 <0.005 <0.005 <0.005 <0.005 

Bismuth T-Bi <0.10 <0.10 <0.10 <0.10 <0.10 
Boron T-B <0.10 <0.10 <0.10 <0.10 <0.10 
Cadmium T-Cd <0.0002 0.0005 <0.0002 <0.0002 <0.0002 
Calcium T-ea 133 128 38.5 41.1 59.1 
Chromium T-Cr <0.015 <0.015 <0.015 <0.015 <0.015 

Cobalt T-eo <0.015 <0.015 <0.015 <0.015 <0.015 
COpper T-CU <0.010 0.070 0.019 <0.010 <0.010 
Iron T-Fe <0.030 0.072 0.061 0.114 <0.030 
Lead T-Pb <0.001 <0.001 <0.001 <0.001 <0.001 
Lithium T-Li <0.015 <0.015 <0.015 <0.015 <0.015 

Magnesium T-Mg 25.2 121 23.5 14.9 8.87 
Manganese T-Mn 0.007 0.015 <0.005 0.012 <0.005 
Molybdenum T-Mo <0.030 0.284 0.043 <0.030 <0.030 
Nickel T-Ni <0.020 <0.020 <0.020 <0.020 <0.020 
Phosphorus T-P <0.30 <0.30 <0.30 <0.30 <0.30 

Potassium T-K 4.0 31.0 5.0 s.s <2.0 
Selenium T-Se <0.0005 0.0007 <0.0005 <0.0005 <0.0005 
Silicon T-Si 6.31 1.84 4.32 1.51 5.19 
Silver T-Ag <0.015 <0.015 <0.015 <0.015 <0.015 
Sodium T-Na 14.9 16.6 7.4 9.6 3.3 

Strontium T-Sr 0.784 7.16 0.632 0.239 0.228 
Thallium T-Tl <0.10 <0.10 <0.10 <0.10 <0.10 
Tin T-Sn <0.30 <0.30 <0.30 <0.30 <0.30 
Titanium T-Ti <0.010 <0.010 <0.010 <0.010 <0.010 
Tungsten T-W <0.10 <0.10 <0.10 <0.10 <0.10 

Vanadium T-V <0.030 <0.030 <0.030 <0.030 <0.030 
Zinc T-Zn <0.005 <0.005 <0.005 <0.005 <0.005 

Results are expressed as milligrams per litre. 
< ~ Less than the detection limit indicated. 
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111 
Parameter AuglS/91 

Tota1Meta.ls 
Aluminum T-Al <0.20 
Antimony '1'-Sb <0.20 
Arsenic '1'-As 0.0033 
Barium T-Ba o.as5 
Beryllium T-Be <0.005 

Bismuth T-Bi <0.10 
Boron '1'-B <0.10 
Cadmium T-Cd <0.0002 
Calcium T-Ca 101 
Chromium T-Cr <0.015 

cobalt 'l'-CO <0.015 
Copper T-CU <0.010 
Iron T-Fe <0.030 
Leacl T-Pl:l <0.001 
Lithium T-Li <0.015 

Magnesium T-Mg 27.8 
Manganese T-Mn 0.472 
Molybclenum T-Mo <0.030 
Nickel '1'-Ni <0.020 
Phosphorus T-P <0.30 

Potassium T-K 5.8 
Selenium T-Se <:0.0005 
Silicon T-Si 8.45 
Silver T-Ag <0.015 
Sodium T-Na 24.8 

Strontium T-Sr 0.785 
Thallium T-Tl <0.10 
Tin T-Sn <:0.30 
Titanium T-Ti <0.010 
Tungsten T-W <0.10 

Vanadium T-V <0.030 
Zinc T-Zn <:0.005 

Results are expressed as milligrams per litre. 
< ~ Less than the detection limit indicated. 
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11 12 13 14 IS 
Parameter Aug14/91 Aug14/91 Aug84/91 AuglS/91 AuglS/91 

Dissolved Hatala 
Aluminum 0-Al <0.20 <0.20 <0.20 <0.20 <0.20 
Antimony 0-Sb <0.20 <0.20 <0.20 <0.20 <0.20 
Arsenic D-As 0.0005 0.0007 0.0006 0.0009 0.0012 
Barium D-Ba 0.062 0.055 0.085 0.116 0.048 
Beryllium D-Be <0.005 <0.005 <0.005 <0.005 <0.005 

Bismuth D-Bi <0.10 <0.10 <0.10 <0.10 <0.10 
Boron D-B <0.10 <0.10 <0.10 <0.10 <0.10 
Cadmium 0-Cd 0.0003 <0.0002 0.0003 <0.0002 0.0002 
Calcium D-ca 67.2 65.3 70.8 95.8 36.7 
Chromium D-Cr <0.015 <0.015 <0.015 <0.015 <0.015 

Cobalt D-Co <0.015 <0.015 <0.015 <0.015 <0.015 
Copper 0-Cu 0.014 0.047 0.028 <0.010 <0.010 
Iron D-Fe <0.030 <0.030 0.059 <0.030 <0.030 
Lead D-Pb <0.001 <0.001 <0.001 <0.001 <0.001 
Lithium D-Li <0.015 <0.015 <0.015 <0.015 <0.015 

Magnesium D-Mg 12.3 11.8 11.6 25.4 19.1 
Manganese D-Mn <0.005 <0.005 0.061 0.019 <0.005 
Molybdenum D-Mo <0.030 <0.030 <0.030 <0.030 <0.030 
Nickel D-Ni <0.020 <0.020 <0.020 <0.020 <0.020 
Phosphorus D-P <0.30 <0.30 <0.30 <0.30 <0.30 

Potassium 0-K <2.0 <2.0 2.1 3.4 2.2 
Selenium 0-Se <0.0005 <0.0005 <0.0005 <0.0005 <0.0005 
Silicon D-Si 5.66 5.90 7.00 6.95 1.85 
Silver 0-Ag <0.015 <0.015 <0.015 <0.015 <0.015 
Sodium D-Na 4.2 3.9 5.7 16.9 15.8 

Strontium 0-Sr 0.276 0.250 0.278 0.697 0.414 
Thallium D-Tl <0.10 <0.10 <0.10 <0.10 <0.10 
Tin D-Sn <0.30 <0.30 <0.30 <0.30 <0.30 
Titanium 0-Ti <0.010 <0.010 <0.010 <0.010 <0.010 
Tungsten o-w <0.10 <0.10 <0.10 <0.10 <0.10 

Vanadium D-V <0.030 <0.030 <0.030 <0.030 <0.030 
Zinc D-Zn 0.364 0.020 0.416 <0.005 <0.005 

:rnorganic Parameters 
Dissolved Inorganic Carbon c 44.6 45.6 46.4 58.5 13.0 

Results are expressed as milligrams per litre except for pH and 
Conductivity (umbos/em). 
< = Less than the detection limit indicated. 
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16 17 18 19 flO 
Parameter AuqlS/91 Aug15/91 Aug15/91 AuglS/91 AuglS/91 

Dissolved Metals 
Aluminum D-Al <0.20 <0.20 <0.20 <0.20 <0.20 
Antimony D-Sb <0.20 <0.20 <0.20 <0.20 <0.20 
Arsenic D-As o.ooos 0.0005 0.0011 0.0001 0.0011 
Barium D-Ba 0.140 0.024 0.051 0.026 o.oss 
Beryllium D-Be <0.005 <0.005 <0.005 <0.005 <0.005 

Bismuth D-Bi <0.10 <0.10 <0.10 <0.10 <0.10 
Boron D-B <0.10 <0.10 <0.10 <0.10 <0.10 
cadmium D-Cd <0.0002 o.ooos <0.0002 <0.0002 <0.0002 
calcium D-Ca 133 127 37.9 40.2 58.6 
Chromium D-Cr <0.015 <0.015 <0.015 <0.015 <0.015 

cobalt D-CO <0.015 <0.015 <0.015 <0.015 <0.015 
COpper D-CU <0.010 0.039 <0.010 0.016 <0.010 
Iron D-Fe <0.030 <0.030 <0.030 0.045 <0.030 
Lead D-Pb <0.001 <0.001 <0.001 <0.001 <0.001 
Lithium D-Li <0.015 <0.015 <0.015 <0.015 <0.015 

Magnesium D-Mg 25.2 120 23.3 14.8 8.87 
Manganese D-Mn 0.007 0.014 <0.005 0.011 <0.005 
Molybdenum D-Mo <0.030 0.284 0.043 <0.030 <0.030 
Nickel D-Ni <0.020 <0.020 <0.020 <0.020 <0.020 
Phosphorus D-P <0.30 <0.30 <0.30 <0.30 <0.30 

Potassium D-K 4.1 31.0 s.o 5.3 <2.0 
Selenium D-Se <0.0005 0.0006 <0.0005 <0.0005 <0.0005 
Silicon D-Si 6.31 1.65 4.23 1.49 5.19 
Silver D-Ag <0.015 <0.015 <0.015 <0.015 <0.015 
Sodium D-Na 14.9 16.6 7.4 9.5 3.3 

Strontium o-sr o. 784 7.15 0.362 0.232 0.228 
Thallium D-Tl <0.10 <0.10 <0.10 <0.10 <0.10 
Tin D-Sn <0.30 <0.30 <0.30 <0.30 <0.30 
Titanium D-Ti <0.010 <0.010 <0.010 <0.010 <0.010 
Tungsten D-W <0.10 <0.10 <0.10 <0.10 <0.10 

vanadium D-V <0.030 <0.030 <0.030 <0.030 <0.030 
Zinc D-Zn <0.005 <0.005 <0.005 <0.005 <0.005 

Inorganic Parameters 
Dissolved Inorganic Carbon c 57.4 15.8 32.1 34.3 37.8 

Results are expressed as milligrams per litre. 
< = Less than the detection limit indicated. 
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111 
Parameter Aug15/91 

Dissolved Metals 
Aluminum D-Al <0.20 
Antimony D-Sb <0.20 
Arsenic D-As 0.0033 
Barium D-Ba 0.055 
Beryllium D-Be <0.005 

Bismuth D-Bi <0.10 
Boron D-B <0.10 
Cadmium D-Cd <0.0002 
Calcium D-Ca 100 
Chromium o-cr <0.015 

Cobalt D-Co <0.015 
COpper D-CU <0.010 
Iron D-Fe <0.030 
Lead D-Pb <0.001 
Lithium D-Li <0.015 

Magnesium D-Mg 27.7 
Manganese D-Mn 0.357 
Molybdenum D-Mo <0.030 
Nickel D-Ni <0.020 
Phosphorus D-P <0.30 

Potassium D-K 5.8 
Selenium D-Se <0.0005 
Silicon D-Si 8.45 
Silver D-Ag <0.015 
Sodium D-Na 24.8 

Strontium D-Sr 0.783 
Thallium D-Tl <0.10 
Tin D-Sn <0.30 
Titanium D-Ti <0.010 
Tungsten o-w <0.10 

Vanadium D-V <0.030 
Zinc D-Zn <0.005 

Inorganic Parameters 
Dissolved Inorganic carbon c 62.7 

Results are expressed as ~illigrams per litre. 
< = Less than the detection limit' indicated. 
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METHODOLOGY 
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This analysis is carried out in accordance with procedures 
described in "Standard Methods for the Examination of Water and 
Wastewater" 17th Ed. published by the American Public Health 
Association, 1989. Further details are available on request. 

Metals 

This analysis is carried out in accordance with procedures 
described in "Standard Methods for the Examination of Water and 
wastewater" 17th Edition published by the American Public Health 
Association, 1989. The procedures involve a variety of instrumental 
analyses including atomic emission spectrophotometry (ICP) 
and atomic absorption spectrophotometry (AA) to obtain the 
required detection limit for each element. Specific details are 
available on request. 
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Frederick Chen B.Sc. 
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RESULTS OF ANALYSIS - Water 

Parameter 

Physical Teats 
Conductivity umhos/cm 
Total Dissolved solids 
pH 
Total suspended solids 

Dissolved Anions 
Alkalinity CaC03 
Chloride Cl 
Fluoride 1i' 
Sulphate S04 

L.C. 

~J-1'8 

Old Pond 
(Piez.) 

Augl6/91 AuglS/91 

1010 1910 
aoo 
7.58 7.94 
15 

302 
7.4 
0.15 
327 1050 

Results are expressed as milligrams per litre except for pH and 
Conductivity (umbos/em). 
< z Less than the detection limit indicated. 

·ASL 
File No. 7775B 
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Paqe 3 

L.C. 
Dump 

Parameter Augl6/91 

Total Metals 
Aluminum T-Al <0.20 
Antimony T-Sb <0.20 
Arsenic T-As 0.0005 
Barium T-Ba 0.102 
Beryllium T-Be <0.005 
Bismuth T-Bi <0.10 
Boron T-B <0.10 
Cadmium T-ed 0.0002 
Calcium T-ea 158 
Chromium T-Cr <0.015 

Cobalt T-Co <0.015 
Copper T-CU 0.026 
Iron T-Fe 0.372 
Lead T-Pb 0.001 
Lithium T-Li 0.086 
Magnesium T-Mg 48.4 
Manganese T-Mn 0.909 
Molybdenum T-Mo <0.030 
Nickel T-Ni <0.020 
Phosphorus T-P <0.30 

Potassium T-K <2.0 
Selenium T-Se <0.0005 
Silicon T-Si 5.13 
Silver T-Ag <0.015 
Sodium T-Na 8.9 
strontium T-Sr 0.943 
Thallium T-Tl <0.10 
Tin T-Sn <0.30 

Titanium T-Ti <0.010 
Tungsten T-W <0.10 
Vanadium T-V <0.030 
zinc T-Zn 0.091 

Results are expressed as milligrams per litre. 
< = Less than the detection limit indicated. 
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L.C. 
Dump 

Parameter Aug16/91 

Dissolved Hetals 
Aluminum D-Al <0.20 
Antimony D-Sb <0.20 
Arsenic D-As 0.0003 
Barium D-Ba 0.101 
Beryllium D-Be <0.005 
Bismuth D-Bi <0.10 
Boron D-B <0.10 
Cadmium D-Cd <0.0002 
calcium D-Ca 158 
Chromium o-cr <0.015 

Cobalt D-Co <0.015 
Copper D-CU 0.021 
Iron 0-Fe 0.229 
Lead D-Pb <0.001 
Lithium D-Li 0.086 
Magnesium D-Mg 48.0 
Manganese D-Mn 0.714 
Molybdenum D-Mo <0.030 
Nickel D-Ni <0.020 
Phosphorus D-P <0.30 

Potassium D-K <2.0 
Selenium o-se <0.0005 
Silicon D-Si s.oo 
Silver D-Ag <0.015 
Sodium D-Na 8.9 
Strontium D-Sr 0.940 
Thallium D-Tl <0.10 
Tin D-Sn <0.30 

Titanitim D-Ti <0.010 
Tungsten D-W <0.10 
Vanadium D-V <0.030 
Zinc D-Zn <0.005 

Inorganic Parameters 
Dissolved Inorganic carbon c 56.5 

Results are expressed as milligrams per litre. 
< • Less than the detection limit indicated. 

End of Report 



ASL 
CHEMICAL ANALYSIS REPORT 

Date: Sep. 17, 1991 

ASL File No. 8084B 

Report On: Water Analysis (90149) 

Report To: SRK Robinson Inc. 
800 - 580 Hornby Street 
Vancouver, BC 
V6C 3B6 

Attention: Mr. John Chapman 

Date Received: Sep. 05, 1991 

METHODOLOGY 

Conventional Parameters 

These analyses are carried out in accordance with procedures 
described in "Standard Methods for the Examination of Water and 
Wastewater" 17th Ed. published by the American Public Health 
Association, 1989. Further details are available on request. 

Metals 

These analyses are carried out in accordance with procedures 
described in "Standard Methods for the Examination of Water and 
Wastewater" 17th Edition published by the American Public Health 
Association, 1989. The procedures involve a variety of instrumental 
analyses including atomic emission spectrophotometry (ICP) 
and atomic absorption spectrophotometry (AA) to obtain the 
required detection limit for each element. Specific details are 
available on request. 

ASL ANALYTICAL SERVICE LABORATORIES LTD. 

Frederick Chen B.Sc. 
Project Chemist 

James R. Downie 
Supervisor, Trace Metals Lab 

analytical service laboratories ltd. 
1988 Triumoh Street. Vancouver. B.C. V5L 1 K5 • Fax (604\ 253-6700 • TeleohonP. 1604\ 253-41 RR ~ 
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RESULTS OF ANALYSIS - Water 

'?I-t/ 9/-14 

Lower Below B 
crater Dam 
Lake 
sepOJ/91 Sep03/91 

Parameter 09:45 10:45 

PhJU!i.cal '.rests 
conductivity umbos/em 425 362 
Total Dissolved solids 299 286 
pB 8.55 7.60 
Total Suspended Solids 12 <l 

Di.ssolved Ani.ons 
Alkalinity CaC03 163 195 
Chloride Cl 8.4 <0.5 
Fluoride F 0.16 0.09 
sulphate S04 38.2 12.3 

Results are expressed as milligrams per litre except 
conductivity (umbos/em). 
< • Less than the detection limit indicated. 

"3/~ 15 

Pioneer 
R.v. 
165•Well 
8ep03/91 
11145 

605 
437 
7.76 
3 

250 
32.0 
0.12 
31.3 

for pH and 

ASL 
File Ho. 80848 
Paqe 2 

':!/-!&> "2/- r:.;. 
Pioneer Dan Boyd. 
R.v. 62•Well 
400·Well 
Sep03/91 Sep03/91 
11:45 12&30 

416 461 
322 353 
8.06 7.66 
<l <1 

196 237 
8.1 2.4 
0.18 0.10 
28.6 17.2 



RESULTS OF ANALYSIS - Water 

"7/-1'8 '?.'JI-I<J 
Lammers o. Boyd 
65'Well 40'Well 
Sep03/91 Sep03/91 

Parameter· 12:55 13:15 

Ph::r;sica1 Tests 
Conductivity umbos/em 500 416 
Total Dissolved Solids 388 326 
pB 7.76 7.73 
Total suspended solids <1 <1 

Dissolved Anions 
Alkalinity caco3 258 220 
Chloride Cl 2.0 2.6 
Fluoride F 0.13 0.13 
Sulphate S04 23.2 15.3 

Results are expressed as milligrams per litre except 
Conductivity (umbos/em). 
< = Lees than the detection limit indicated. 

9/-to 
G. Boyd 
so•wan 
Sep03/91 
13;35 

419 
323 
7.65 
3 

210 
5.7 
0.11 
17.7 

for pH and 

c..=r 

ASL 
File Ro. 8084B 
Page 3 
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RESULTS OF ANALYSIS - Water 

Lower Below B 
crater Dam 
Lake 
sep03/91 sep03/91 

Parameter 09:45 10:45 

'l'otal Metals 
Aluminum T-Al <0.20 <0.20 
Antimony 'f-Sb <0.20 <0.20 
Arsenic T-As 0.0014 0.0009 
Barium T-Ba 0.043 0.053 
Beryllium T-Be <0.005 <0.005 

Bismuth 'f-Bi <0.10 <0.10 
Boron 'f-B <0.10 <0.10 
cadmium 'f-Cd <0.0002 <0.0002 
Calcium T-ea 54.4 66.2 
Chromium T-Cr <0.015 <0.015 

Cobalt 'f-Co <0.015 <0.015 
Copper 'f-CU <0.010 <0.010 
Iron T-li'e <0.030 <0.030 
Lead 'f-Pb <0.001 <0.001 
Lithium 'f-Li <0.015 <0.015 

Magnesium T-Mg 22.4 10.9 
Manganese T-Kn 0.010 <0.005 
Molybdenum T-Mo 0.035 <0.030 
Nickel T-Ni <0.020 <0.020 
Phosphorus T-P <0.30 <0.30 

Potassium T-K 2.7 <2.0 
Selenium T-Se <0.0005 <0.0005 
Silicon T-Si 4.39 7.10 
Silver T-Ag <0.015 0.023 
Sodium T-Na 18.0 4.3 

Strontium T-Sr 0.557 0.248 
Thallium T-Tl <0.10 <0.10 
Tin T-Sn <0.30 <0.30 
Titanium T-Ti <0.010 <0.010 
Tungsten T-W <0.10 <0.10 

Vanadium T-V <0.030 <0.030 
Zinc T-Zn <0.005 <0.005 

Results are expressed as milligrams per litre except 
COnductivity (umbos/em). 
< ~ Less than the detection limit indicated. 

Pioneer 
a.v. 
165'Well 
SepOJ/91 
11:45 

<0.20 
<0.20 
0.0008 
0.090 
<0.005 

<0.10 
<0.10 
<0.0002 
86.3 
<0.015 

<0.015 
0.605 
<0.030 
0.037 
<0.015 

25.0 
0.101 
<0.030 
<0.020 
<0.30 

2.9 
<0.0005 
6.89 
<0.015 
14.5 

0.671 
<0.10 
<0.30 
<0.010 
<0.10 

<0.030 
0.106 

for pB and 

ASL 
File llo. 8084B 
Page 4 

Pioneer Dan Boyd 
a.v. 62'Well 
400•well 
Sep03/91 Sep03/91 
11:45 12:30 

<0.20 <0.20 
<0.20 <0.20 
0.0006 0.0016 
0.043 0.060 
<0.005 <0.005 

<0.10 <0.10 
<0.10 0.13 
<0.0002 <0.0002 
54.6 63.6 
<0.015 <0.015 

<0.015 <0.015 
0.023 0.082 
<0.030 <0.030 
0.012 0.002 
<0.015 <0.015 

17.5 23.3 
0.235 <0.005 
<0.030 <0.030 
<0.020 <0.020 
<0.30 <0.30 

<2.0 2.3 
<0.0005 <0.0005 
7.32 6.78 
<0.015 <0.015 
18.6 9.8 

0.434 0.378 
<0.10 <0.10 
<0.30 <0.30 
<0.010 <0.010 
<0.10 <0.10 

<0.030 <0.030 
0.587 0.051 



RESULTS OF ANALYSIS - Water 

Parameter 

'.fotal Metals 
AJ. um.i.num T-Al 
Antimony T-Sb 
Arsenic T-As 
Barium T-Ela 
Beryllium T-Be 

Bismuth T-Bi 
Boron T-B 
Cadmium T-Cd 
calcium T-Ca 
Chromium T-Cr 

cobalt T-eo 
COpper T-CU 
Iron T-Fe 
Lead T-Pb 
Lithium T-Li 

Magnesium T-Mg 
Manganese T-Mn 
Molybdenum T-Mo 
Nickel T-Ni 
Phosphorus T-P 

Potassium T-K 
Selenium T-Se 
Silicon T-Si 
Silver T-Ag 
Sodium T-Na 

strontium T-Sr 
Thallium T-Tl 
Tin '1'-Sn 
Titanium '1'-'l'i 
Tungsten '1'-W 

Vanadium T-V 
Zinc T-Zn 

I-m•wners 
65'Well 
Sep03/91 
12:55 

<0.20 
<0.20 
0.0016 
0.065 
<0.005 

<0.10 
<0.10 
<0.0002 
64.7 
<0.015 

<0.015 
0.143 
<0.030 
<0.001 
<0.015 

27.3 
<0.005 
<0.030 
<0.020 
<0.30 

2.3 
<0.0005 
6.62 
<0.015 
10.8 

0.420 
<0.10 
<0.30 
<0.010 
<0.10 

<0.030 
0.070 

o. Boyd 
40'Well 
Sep03/91 
13:15 

<0.20 
<0.20 
0.0014 
0.065 
<0.005 

<0.10 
<0.10 
<0.0002 
57.2 
<0.015 

<0.015 
<0.010 
0.058 
0.001 
<0.015 

19.7 
<0.005 
<0.030 
<0.020 
<0.30 

2.2 
<0.0005 
6.74 
<0.015 
8.9 

0.269 
<0.10 
<0.30 
<0.010 
<0.10 

<0.030 
0.177 

Results are expressed as milligrams per litre except 
COnductivity (umbos/em). 
< = Less than the detection limit indicated. 

G. Boyd 
SO•Well 
Sep03/91 
13:35 

<0.20 
<0.20 
0.0016 
0.054 
<0.005 

<0.10 
<0.10 
<0.0002 
57.3 
<0.015 

<0.015 
<0.010 
<0.030 
<0.001 
<0.015 

20.5 
<0.005 
<0.030 
<0.020 
<0.30 

2.7 
<0.0005 
6.93 
<0.015 
9.6 

0.290 
<0.10 
<0.30 
<0.010 
<0.10 

<0.030 
0.012 

for pH and 

ASL 
Pile No. 8084B 
Paqe 5 
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Lower Below B Pioneer Pioneer Dan Boyd 
crater Dam R.V. a.v. 62•Well 
Lake 165•Well 40o•well 
SepOJ/91 SepOJ/91 SepOJ/91 SepOJ/91 sepOJ/91 

Parameter 09:45 10:45 11.:45 11:45 12:30 

Dissolved Metals 
Aluminum D-Al <0.20 <0.20 <0.20 <0.20 <0.20 
Antimony D-Sb <0.20 <0.20 <0.20 <0.20 <0.20 
Arsenic D-As 0.0014 o.oooe 0.0007 0.0004 0.0015 
Barium D-Ba 0.039 0.053 0.087 0.042 0.060 
Beryllium D-Be <0.005 <0.005 <0.005 <0.005 <0.005 

Bismuth D-Bi <0.10 <0.10 <0.10 <0.10 <0.10 
Boron D-B <0.10 <0.10 <0.10 <0.10 0.13 
Cadmium D-Cd <0.0002 <0.0002 <0.0002 <0.0002 <0.0002 
calcium o-ca 52.2 64.0 82.7 53.2 61.3 
Chromium O-Cr <0.015 <0.015 <0.015 <0.015 <0.015 

CObalt n-co <0.015 <0.015 <0,015 <0.015 <0.015 
COpper 0-Cu <0.010 <0.010 0.209 0.021 0.068 
Iron D-Fe <0.030 <0.030 <0.030 <0.030 <0.030 
Lead D-Pb <0.001 <0.001 0.005 o.oo8 0.001 
Lithium D-Li <0.015 <0.015 <0.015 <0.015 <0.015 

Magnesium D-Mg 21.0 10.6 24.2 17.5 23.3 
Manganese 0-Mn 0.006 <0.005 0.082 0.229 <0.005 
Molybdenum D-Mo 0.030 <0.030 <0.030 <0.030 <0.030 
Nickel D-Ni <0.020 <0.020 <0.020 <0.020 <0.020 
Phosphorus D-P <0.30 <0.30 <0.30 <0.30 <0.30 

Potassium D-K 2.1 <2.0 2.8 <2.0 2.3 
Selenium D-Se <0.0005 <0.0005 <0.0005 <0.0005 <0.0005 
Silicon D-Si 3.96 6.98 6.83 7.32 6.78 
Silver D-Ag <0.015 <0.015 <0.015 <0.015 <0.015 
Sodium D-Na 14.5 4.3 14.1 18.6 9.8 

Strontium D-Sr 0.549 0.248 0.665 0.434 0.378 
Thallium D-Tl <0.10 <0.10 <0.10 <0.10 <0.10 
Tin D-Sn <0.30 <0.30 <0.30 <0.30 <0.30 
Titanium D-Ti <0.010 <0.010 <0.010 <0.010 <0.010 
Tungsten D-W <0.10 <0.10 <0.10 <0.10 <0.10 

Vanadium D-V <0.030 <0.030 <0.030 <0.030 <0.030 
Zinc D-Zn <0.005 <0.005 0.079 0.556 0.051 

Inorganic Parameters 
Dissolved Inorganic Carbon c 37.5 50.6 64.8 47.7 63.8 

Results are expressed as milligrams per litre except for pB and 
Conductivity (umhos/cm). 
< • Less than the detection limit indicated. 
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Lammers o. Boyd G. Boyd 
6s•well 40•well so•well 
Sep03/91 Sep03/91 Sep03/91 

Parameter 12:55 13:15 13:35 

Dissolved Metals 
Aluminum 0-Al <0.20 <0.20 <0.20 
Antimony o-sb <0~20 <0.20 <0.20 
Arsenic D-AB 0.0015 0.0014 0.0016 
Barium 0-Ba 0.065 0.065 0.054 
Beryllium 0-Be <0.005 <0.005 <0.005 

Bismuth D-Bi <0.10 <0.10 <0.10 
Boron D-B <0.10 <0.10 <0.10 
Cadmium D-Cd <0.0002 <0.0002 <0.0002 
calcium D-Ca 64.3 56.9 56.4 
Chromium O-Cr <0.015 <0.015 <0.015 

Cobalt D-Co <0.015 <0.015 <0.015 
COpper D-CU 0.139 <0.010 <0.010 
Iron 0-Fe <0.030 0.034 <0.030 
Lead D-Pb <0.001 <0.001 <0.001 
Lithium D-Li <0.015 <0.015 <0.015 

Magnesium 0-Mg 27.3 19.7 20.5 
Manganese D-Mn <0.005 <0.005 <0.005 
Molybdenum 0-Mo <0.030 <0.030 <0.030 
Nickel D-Ni <0.020 <0.020 <0.020 
Phosphorus D-P <0.30 <0.30 <0.30 

Potassium D-K 2.3 2.2 2.7 
Selenium D-se <0.0005 <0.0005 <0.0005 
Silicon D-Si 6.62 6.74 6.93 
Silver D-Ag <0.015 <0.015 <0.015 
Sodium D-Na. 10.8 8.9 9.6 

Strontium D-Sr 0.420 0.269 0.290 
Thallium D-Tl <0.10 <0.10 <0.10 
Tin D-Sn <0.30 <0.30 <0.30 
Titanium D-Ti <0.010 <0.010 <0.010 
Tungsten D-W <0.10 <0.10 <0.10 

Vanadium o-v <0.030 <0.030 <0.030 
Zinc D-Zn 0.070 0.177 0.012 

Ino!!lanic Parameters 
Dissolved Inorganic Carbon c 64.5 55.3 51.5 

Results are expressed as milligrams per litre except for pH and 
Conductivity (umbos/em). 
< = Less than the detection limit indicated. 
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Report To: 

Water Analysis (Whitehorse Copper) 

SRK Robinson Inc. 
800 - 580 Hornby Street 
Vancouver, BC 
V6C 3B6 

Attention: Mr. John Chapman 

Date Received: Oct. 18, 1991 

METHODOLOGY 

Conventional Parameters 

c.::. a 

These analyses are carried out in accordance with procedures 
described in "Standard Methods for the Examination of Water and 
Wastewater" 17th Ed. published by the American Public Health 
Association, 1989. Further details are available on request. 

Metals 

These analyses are carried out in accordance with procedures 
described in "Standard Methods for the Examination of Water and 
Wastewater" 17th Edition published by the American Public Health 
Association, 1989. The procedures involve a variety of instrumental 
analyses including atomic emission spectrophotometry (ICP) 
and atomic absorption spectrophotometry (AA) to obtain the 
required detection limit for each element. Specific details are 
available on request. 

ASL ANALYTICAL SERVICE LABORATORIES LTD. 

7 . do 'ff/~ 
~·~~(fit: c... c. r~·L& ~ 

Frederick Chen B.Sc. 
Project Chemist 

James R. Downie 
Supervisor, Trace Metals Lab 
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RESULTS OF ANALYSIS - Water 

Parameter 

Ph:t;sical Tests 
conductivity umhos/cm 
Total Dissolved Solids 
pH 
Total Suspended Solids 

Dissolved Anions 
Alkalinity caco3 
Chloride Cl 
Fluoride Jl' 

Sulphate S04 

Xno£ganlc Parameters 
Dissolved Inorganic Carbon c 

u 
Sohwatka 
I.aka 
0Ctl6/91 
12:45 

94.0 
68 
p.o2 
1 

44.5 
<0.5 
o.oa 
5.9 

10.0 

12 
Ki.les 
canyon 
oct16/91 
13:30 

94.0 
68 
7.91 
2 

44.4 
<0.5 
0.08 
5.9 

10.0 

13 
Pump 
Bouse 
oct16/91 
14:00 

96.0 
67 
7.86 
<1 

44.7 
<0.5 
o.os 
5.2 

10.2 

Results are expressed as milligrams per litre except for pH and 
conductivity (umhos/cm). 
< = Less than the detection limit indicated. 
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RESULTS OF ANALYSIS - Water 

PariiJIIIIIJter 

Tota1 Metals 
Aluminum T-Al 
Antimony T-Sb 
Arsenic T-As 
Barium T-Ba 
Beryllium T-Be 

Bismuth T-Bi 
Boron T-8 
cadmium T-ed 
calcium T-C& 
chromium T-Cr 

Cobalt T-Co 
Copper T..CU 
Iron T-Pe 
Lead T-Pb 
Lithium '1'-Li 

Magnesium T-Mg 
Manganese '1'-Mn 
Molybdenwn T-Mo 
Nickel '1'-Ni 
Phosphorus '1'-P 

Potassiwn T-K 
Seleniwn T-Se 
Silicon '1'-Si 
Silver '1'-Ag 
Sod.ium '1'-Na 

Strontiwn '1'-Sr 
'I'halliwn T-Tl 
Tin '1'-Sn 
Titanium T-'l'i 
Tungsten '1'-W 

vanadiwn T-V 
Zinc '1'-Zn 

11 
Schwatka 
La.ka 
oct16/91 
12:45 

<0.20 
<0.20 
0.0002 
0.026 
<0.005 

<0.10 
<0.10 
<0.0002 
14.8 
<0.015 

<0.015 
<0.010 
0.036 
<0.001 
<0.015 

2.89 
<0.005 
<0.030 
<0.020 
<0.30 

<2.0 
<0.0005 
1.44 
<0.0001 
<2.0 

0.075 
<0.10 
<0.30 
<0.010 
<0.10 

<0.030 
<0.005 

12 
Xi1ea 
canyon 
oct16/91 
13:30 

<0.20 
<0.20 
0.0002 
0.026 
<0.005 

<0.10 
<0.10 
<0.0002 
14.8 
<0.015 

<0.015 
<0.010 
0.044 
<0.001 
<0.015 

2.89 
<0.005 
<0.030 
<0.020 
<0.30 

<2.0 
<0.0005 
1.43 
<0.0001 
<2.0 

0.073 
<0.10 
<0.30 
<0.010 
<0.10 

<0.030 
<0.005 

Results are expressed as milligrams per litre except 
Conductivity (umbos/em). 
< = Less than the detection limit indicated. 

f3 
Pump 
Bouse 
oct16/91 
14:00 

<0.20 
<0.20 
0.0003 
0.026 
<0.005 

<0.10 
<0.10 
<0.0002 
15.1 
<0.015 

<0.015 
<0.010 
0.048 
<0.001 
<0.015 

2.95 
<0.005 
<0.030 
<0.020 
<0.30 

<2.0 
<0.0005 
1.48 
<0.0001 
<2.0 

0.076 
<0.10 
<0.30 
<0.010 
<0.10 

<0.030 
<0.005 

for pH and 

ASL 
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RESULTS OF ANALYSIS - Water 

11 12 
SChwatka M.llea 
Lake canyon 
Oct16/91 Oct16/91 

Parameter 12:45 13:30 

Dissolved Metals 
Aluminum D-Al <0.20 <0.20 
Antimony D-Sb <0.20 <0.20 
Arsenic D-As <0.0001 <0.0001 
Barium D-Ba 0.024 0.023 
Beryllium . D-Be <0.005 <0.005 

Bismuth D-Bi <0.10 <0.10 
so ron D-B <0.10 <0.10 
Cadmium D-Cd <0.0002 <0.0002 
calcium n-ca 14.6 14.4 
Chromium D-Cr <0.015 <0.015 

cobalt D-CO <0.015 <0.015 
COpper D-CU <0.010 <0.010 
Iron D-Fe <0.030 <0.030 
Lead D-Pb <0.001 <0.001 
Lithium D-Li <0.015 <0.015 

Magnesium D-Mg 2.89 2.83 
Manganese D-Mn <0.005 <0.005 
Molybdenum D-Mo <0.030 <0.030 
Nickel D-Ni <0.020 <0.020 
Phosphorus D-P <0.30 <0.30 

Potassium D-K <2.0 <2.0 
Selenium D-Se <0.0005 <0.0005 
Silicon o-si 1.44 1.43 
Silver D-Aq <0.0001 <0.0001 
Sodium D-Na <2.0 <2.0 

Strontium D-Sr 0.073 0.073 
Thallium D-Tl <0.10 <0.10 
Tin D-Sn <0.30 <0.30 
Titanium D-Ti <0.010 <0.010 
Tungsten D-W <0.10 <0.10 

vanadium o-v <0.030 <0.030 
Zinc D-Zn <0.005 <0.005 

Results are expressed as milligrams per litre except 
COnductivity (umbos/em). 
< ~ Less than the detection limit indicated. 

13 
Pump 
Bouse 
octl.6/91 
14:00 

<0.20 
<0.20 
<0.0001 
0.025 
<0.005 

<0.10 
<0.10 
<0.0002 
14.3 
<0.015 

<0.015 
<0.010 
<0.030 
<0.001 
<0.015 

2.81 
<0.005 
<0.030 
<0.020 
<0.30 

<2.0 
<0.0005 
1.39 
<0.0001 
<2.0 

0.073 
<0.10 
<0.30 
<0.010 
<0.10 

<0.030 
<0.005 

for pH and 

ASL 
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MECHANICAL Slt=VE ANALYSIS 
. 

TH --- SAMPLE N Q "l-

_____ DATE TESTED:,."'~.\'?)<::....\ 

SAMPLE ll'PE -------- SAMPLE OEPTH ---- TO -----

DATE s.c.t.PL£0 ----
By ___ _ 

. \..Jc. o t F-- · 2S.L 
\,Jl.., of v..kl- S:~-pl-.. '& p,.., 

\:.Jeo~P•j 'S... .... p~ ....... ....~ ? ... ~ j · ~'' 
8., / .. ,..<:: w~ \f... ;AJ •. ?,\ 7, '\ 

I -
""'"" "''6v;;. .AHer .\>Jq_~h;:r·7. 3 "·"' 

\Jt-. ~ b l""j S.....-pl.::.. 

_g.,~ .. r~ \!:1"-l>L..:,,J loZ-'& 

'4oo st~;:v= ...blkr.:_ ~~!>~i ~_r- "1..z<+.<f. 
'M.,,~tw--e.: eo .... k ..... t- ' .. .,. 9.\ ia. 
S::: ...... ": .?~*··o - "" "----
C.,_ -:-. ~"'::/o . .,~ p(;o .. _:_ __ _ 
~Yo <:tl"'<i..vc:l 

' ~-_"$ ... ~<~ -

Yo::~._-:s.:!~.-:t.c::t::~ -
_u,,~c; .. ot s.:,:l clq H. 

6' 
100 i 

901---+H+++!----t--f---1 

e 

SIEVE 
SIZE 

'30 

$0 

\<:JC 

no 
"cC. 
'-\:C::.C. 

\',t>.,-N 

SAMPLE LOCATION _-_,-f'i.:..;...";;..-"-.:..;-Nc.:.C.=-">.---------

0 0 3az.% \CCI 

1$,'-f 0~1 "3 nz.<;;" '1 "'t ."\ 
'+ 7. <;;' ·1'2.4 2 7a, 't 't '\ ''!. 
\\'\.'\ \0'-\-.'r. I 'i 'll'.O '"'''"' \t;,o,'\, . \"f':>. '¥ JS?,o 'Sl. '6 
11 't' ."l. ~ 2.1, \ 79./ z.t;.~ 

'lT'\.'3. z.t ... ~ C) a 
.>,. 7~.::! 3cl·Y 

\ 1-
J: H-+-+--+--+----1· ·t-HI-++-t---'l---'t1f+t-H-t-11-+---+ffi:+t-11-t--t---
t.:l 

TO w 
3: 
)-
Ill 

60 

a: w 
z !10 

li: 
<110 

~ 0 

30 

20 

10 

0 . 

i' 
~r-1-r-+-·h-- - r-r- -~--1-1---t+ · -~---+-+--+---1--

1-H-HI-+-I-1f---l · ·H-+-+-If--1-- \ H-.J--11-if--+---1- · ·I+·H----.-1---

100 

-t--+-+-+--~1 

10 

\ 

H--t---

-1-f------

--1-----
- -I- -1-+---l ----+---1 
- ~ -1-- -1----1 ----r--

~ -- -+---+-1r--
l I . 

I 0.1 

GrlAIN SIZE (mm) 

1-r- ~Jt--+---1- · H-+-1--f-'--+---' 

• ~- - - - -- " . ·I- i- I 

j\ -r- j 

·-~---- ·1---1---.: 
-H- -1- · ·1-1-+-+--+--+--
. __ !~ --
"1-t--1---1"'~.1---t-'·, 
1"'"1--1-- ·--1"'....---1-'·, 

0.01 

f-1--t--l-+---

- - t-- - -·1---

1-t-+-+-!----

O.(XJII 

SIEVE SIZES 

CLIENT _________________ _ 
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MECHANICAL SIEVE ANALYSIS 
TECHNICIAN '(,. ;:_..a\..0\ DATE SJWPLEO ____ By ___ OF _____ DATE TESTEO '>cf\. \"!)::.,' 

ni SAMPLE NO.__,_\ __ SAMPI..E TYPE------- SAMR..E DEPTH----TO-----

.I.Jt:. o¥ .. ~ :uL_ . 
1../t... "t vJ,t S....-pl ... '!) F\.1>1 

I.Jt: .. ~ l:lrj '5-..... pl.. ........., Po.~ ; .-
Borl..re w ... \t..'"J" 'S'Z'1· '+ 

l.f-00 s:,.:vG .AHc:.-: .. Yl"--:.,b;:J-: sn. S 

\Jt:-. ~ b "j S....-?1.::.. ·-

' 
SAMPI..E LOCA110N \.1\wC ~~ .... ~.1 1\ \1-J'.'-'-\:..'-\ 

16 0:, a S"l 1.'1 \CJO 

'la iS.7 \') :z.. o;;H./ ~'\.'\ 

·-E. e. ~I' C. .1tJ.~l,_; "J' ~ 
4C>e> .,.,,.;vG .1J.h:r.: ~ ... _~bi~.r- s-~:u:::..,. }-..::::..--+--:~-+-.:;_--+-~~~-...::.::.=:::--t----+-----1 

'J.\.,;,tw-...:. c.., .... +<,..,t- -. "' !J.71o 
c ...... tl~<>;{ - "'-_ .... _ .. Doo ~ ·---

Cc. ~ ~~"")fo,o"' D ....... _::: __ _ 

<;>/.,. .:a..-....vel 

~ .. ,__::$ ... ~~­

_Y-o_-:-:.:l~:tfl~ _ 
.U1'·1C'>.-ol s.o;\ Clca~. 

0 
. .JS --=--
• 'Z'3.\ 
~ \G.."\ . 

0:. A '1\JO '>0 .-.E : 1<."\ 

.;;o zo. '2:' 
\00 :!4-7 • ..::: 
'\ 1Cl '1-o'+. "2. 
2.-C>O '+S:;.s 
4-<)C $1(',,, 

{JftV'J ~\7."i;' 

+" ''. ~ 

$.'3 ·sr_,'l'..~ "\"t.~ 

21'2 .o 2'6'\,"\ S''* ."\ 
ln.? \'l!;",t. 1. ..,., "t 

440-0 7'3."\ 14·'+ 
!:)C.). 2 \"2..7 z..s 
,.,. ~:~'2.,0 .6 0 

s 11.. '\ 

GRAVa SIZES I 
I 

SAND SIZES I Sl LT SIZES I CLAY 
COARSE -~ MEOIUM I FINE I COARSE MEDIUM T FIN€ l 

1-

s• 
100 1 

SIEVE SIZES 

G \ w ro~--+H~-r+--r-+----+H~~+-~-+----~++~+-4--P~\~4+~+-~+-4----++H4-~~--+---~ 
~ \ 
~ ~r---~++~r-+-1----tH+~-r-i~r---~~-r+-1--r4\r-++~1-+-+--r---t+H4-~-+~~~ 

ffi~ ' z ~--~H+~--~r---H+Hrr+-+-+--~~++~~~~\~~4-~r-r---H+~~~-+--~ 

•or---~++-~r-+-4----tH+~-r-i~r---~~-r+-1--r--~'~H41-+-+-~---++H+-~-+~~~ 
;!. 

o~~·~wu-L~~~~--+U~-L~-L~·--~+U~-L~~~~~~~~~~~~L---~~~-L-L_j----1 
100 10 I 0.1 O.OQI 

GRAIN SIZE(mml 

SIEVE SIZES 
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September 30, 1991 

STEFFEN, ROBERTSON & KIRSTEN, INC. 
#800-580 Hornby Street 
Vancouver, B.C. 
V6C 3B6 

Attention: John Chapman 

Dear John: 

-·-
12.271 HORSESHOE WAY 
RICHMOND, B.C. 
CANADA V7A 4Z1 
TELEPHONE: (604) 277·2322 
FACSIMILE : (604) 274-7235 

File Number: MN1208 

As discussed, we have performed a sub sieve size analysis on the sample of tailings material 
which you sent to us. In addition, the fine fraction was analyzed to determine its Si02 content 
The results of the test work have been tabulated and are attached. The -lOpm particles accounted 
for 6.7% by weight of the sample and this -lOpm material contained 40.53% Si02• 

The size analysis was performed by using a cyclosizer on a representative sample. As you 
requested, the I.C.P. analyses, for the determination of the SiO:z content, was performed on the 
cyclosizer fmes which is the -lOpm fraction. It should be noted that the Si02 content reported 
is the total silicate content and not the quartz content that is typically reported in dust. X-ray 
diffraction can be used to determine the dust quartz content. 

If you have any questions concerning these results, please feel free to contact me at any time. 

Yours truly, 

BACON, DONALDSON & ASSOCIATES LTD. 

Bernhard Klein, B.A.Sc. 
Senior Process Metallurgist 

BK/mg 

WIP\MN\MNI208Ll.BK 



'-10 

SIZE DISTRIBUTION 

SAMPLE NO: MN1-208 Head 

Individual cumulative 
Size Fraction Percentage Percentage 

cum) Retained Passing 

+ 38 29.3 70.7 

- 38 + 29 37.2 33.5 

- 29 + 20 21.8 11.7 

- 20 + 13 3.0 8.7 

- 13 + 10 2.0 6.7 

- 10 6.7 



~ 
SJ\Ml>LE 

llRSCRI.I!TION 

MtU-208 ltlum 

• 

~t ...... m"x Ldb., Ltu. 
lu1a.Jv1lcar Cllemlsl& • Oeochamiala • Reglster&d AsSDY'Jr.l 
212 Brooks bam< Avo., Norih Vancouver 
Brilr~h Columbia, Canada V7J 2C1 
PHONE: 604-984...02.21 

PREP Al203 BaO cao Fe203 
CODB ' ' ' ' 

214 2ll0 7.61 0.01 4.13 37.52 

--

K20 

' 
0.48 

T A. CO! N.All & A~ 

12271 HORSESHOE WAY 
RICHMOND, BC 
V7A4l1 

ProjaC1. : MNf-200 
Comments: ATIN: RON WILLIAMS 

AI E~ 

I CERTIFICATE OF ANALYSIS 

~ MnO Na20 P205 .sic2 
' ' % t ' 

6.77 0 ,1!1 0.110 o.u <10.53 

Ti02 
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C).32 
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....... BACON 
~DONALDSON 

8< ASSOCIATES L TO. 

October29, 1991 

STEFFEN, ROBERTSON & KIRSTEN INC. 
#800 ~ 580 Hornby Street 
Vancouver, B.C. 
V6C 3B6 

Attention: John Chapman 

Dear: John 

Re: SEM Point Counting of Free Silica 

12271 HORSESHOE WAY 
RICHMOND, B.C. 
CANADA V7A4Z1 
TELEPHONE: (604) 277-2322 
FACSIMILE : (604) 274-7235 

File Number: MN1208 

As was requested, a Scanning Electron Microscope with an Energy Dispersive X-ray Analyzer 
(SEM and EDX) was used to determine the amount of free silica particles in -10 )liD fraction of 
tailings material. From 150 particles counted, 12 were free silica particles which is 8% of all 
particles analyzed. 

The sample was prepared by dispersing the particles in distilled water (Victa Wet added) and 
using a dropper to place a sample of the dispersed particles on a polystyrene dish. Once the 
water had evaporated, the particles were gold coated and analyzed. 

The point counting procedure involved traversing the prepared sample of particles. Every particle 
that crossed the centre of the monitor was analyzed using the EDX analyzer. If the EDX 
spectrum showed only a silica peak, the particle was counted as free silica. If other elemental 
peaks were produced, the particle was counted as not free silica. 

Most silicate minerals were found to contain aluminum, magnesium, iron, and calcium These 
silicate minerals were either aluminum silicates, aluminum magnesium silicates, aluminum 
calcium silicates, magnesium silicate, iron magnesium silicates, or calcium silicates. The main 
source of iron was an iron oxide mineral (i.e. magnetite or hematite). 

Wll'IMN\MN 1208L3.BK 
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If you have any questions concerning these results, please feel free to contact me at any time. 

Yours truly, 

BACON, DONALDSON & ASSOCIATES LTD. 

Bernhard Klein, B.A.Sc. 
Senior Process Metallurgist 

BK:kc 

WIP\MN\MN1208L3.BK 



A.E. Ball P.EDq. 
22720 Gilley Road 

Richmond, B.C. 
V6V 1E4 

Tel: 604-521-9207 

october 11, 1991 

Hudson Bay Minhq and Snelti.nq co. Ltd. 
Toronto Daninion centre 
Toronto, ontario 
MSK 1B8 

Re: Whitehorse OQ1:!per Tailing Site 

At the request of Gadsby consultants, :r bave reviewed the pla:ns of 
this site, relative to the town of Whitehorse and the surround..1.Jlg area. 
(Included as Figure 1 in the report on this site.) :r bava also reviewed 
the site photographs and weather data for the area. These incU cate that 
sane wind erosion of the site is occu:rrinq. 

The Cbemex lab report indicates that the +aiUngs material bas a 
silica content of 40.53% and the size distril:lution data shows 6. 7% of the 
insitu tailings beil:Jq less than 10 microns. This material is the 
respirable portion of the tailings and it is significant that the am.lysis 
of windblown tailings done by Steffen, Robertson & Kirsten an september 
18,1991 indicates a much lower content of this fine material. :It can be 
c::oncluded that the wind erosion is therefore liberating saDe respirable 
dust into the atmosphere. 

Determination of the extent and amcnmt of respirable dust propogation 
fran the site wculd require an extensive field test pz::ogr:am to be 
conducted artJUJld the site. There is a possibility that persons speDdiJlg 
prolonqed periods of time (several manths) in dust clouds qenerated by 
wind erosion :frCIIl these tailings ccruld be exposed to dust levels above 
those rec::c.l!llleil by the ll.merican C'onference of GoVerr.aDent nvh1st:rial. 
Hygienists. It would therefore be prudent to adapt remedial action to 
reduce wind erosion for the long teJ:m dec=xmnj ssioning of the mine site 
until natural vegetation bas moved in to st:.abilise the material. A OCM!r 
of 1arqer granular material would be adequate to reduce the wind erosion 
to obviate any risk or md san.ce to adjacent sites. 
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RECORD OF BOREHOLE NO. 80 -I 

LOCATION: Lower 'e' Valley- Gravel Borrow Area 

COORDINATES: 58,000 N- 69,770E 

GRID SYSTEM- DATUM: Whitehorse Copper 

ELEV. 

DEPTH 

2412.0 
0.0 

2404.!1 
7.5 

2402.0 
10.0 

2397.0 
15.0 

INFERRED STRATIGRAPHY 

Ground Surface 

Compact brown SAND 
and GRAVEL. Tr. to some 

silt Coarse lenses. 

Coarse SAND and GRAVEL. 

Compact grey SILTY SAND 
and GRAVEL (Til.L.J 

End of B'orehole 

NOTE: Borehole drilled for 
standpipe installation only. 
Stratigraphy inferred from 
drill cuttings and dri II 

behavior. 

DRILLING DATE: July 7, 1980 

DRILLING METHOD: Rotary- Trlcone 

BOREHOLE DIAMETER: 4.5 in. 

LOGGED BY: B.T. 

SAMPLES LABORATORY 

NO. TYPE 'N' TESTING 

PIEZOMETER 

INSTALLATIONS 

I SP&0-1 I L _j 

. ' 

i2a in. dia. slotted 
1 1 steel «ISing 
I I 
I I 
I I ,,, -
11 ~July 7, eo 

II 
I I 

lLl 

VERTICAL SCALE: I in. " 10 ft. 

BOREHOLE NO: 80-1 

... THOMPSON GEOTECHNICAL ---------------------------' 



RECORD OF BOREHOLE NO. 80 -I 

LOCATION: Lower 'a' Valley- Gravel Borrow Area 

COORDINATES: 58,000 N- 69,7701: 

GRID SYSTEM~ DATUM: Whitehorse Copper 

ELEV. 

DEPTH 

2412.0 
o.o 

2404.1!1 
7.5 

2402.0 
10.0 

2397.0 
lll.O 

INFERRED STRATIGRAPHY 

Ground Surface 

Compact brown SAND 
and GRAVEL.. Tr. to some­

silt. Coarse lenses. 

Coarse SAND and GRAVEL. 

Compact grey SILTY SAND 
and GRAVEL. ( Tl LL) 

End of CTorehole 

NOTE' Borehole drilled for 
standpipe installation only. 
Stratigraphy interred from 
drill cuttings and drill 

behavior. 

SAMPLES 

NO. TYPE 'N' 

. 

DRILLING DATE: July 7, 1980 

DRILLING METHOD: Rotary- Trlcone 

BOREHOLE DIAMETER: 4.5 ln. 

LOGGED BY: B.T. 

LABORATORY 

TESTING 

PIEZOMETER 

INSTALLATIONS 

I SP80-II I I 

I I 
I I 
I I 
I I 

T T 

C3 in. dia. slotted 
It eel ca'i ng 

I I w 
ll-vJUIIf T, 80 

I I 
I I 

lLl 

VERTICAL SCALE: I in. = 10 ft. 

BOREHOLE NO: 80-1 



-· . 
RECORD OF BOREHOLE NO. 82-1 

LOCATION: Old Pond -Perimeter Dyke - Section A-A 
outs1de edQe of downstream berm. 

COORDINATES: 

GRID SYSTEM- DATUM: Whitehorse Copper 

ELEV. 

DEPTH 

SAMPLES 
INFERRED STRATIGRAPHY 

NO. TYPE 'N' 

2!571.0 
o.o 

2566.0 
_.,,Ot 

Ground Surface 

Waste Rock 

Compact, brown fine and medium 
SAND with some gravel. Tr. to 
1ome silt. Lenses of clean sand. 
Wet. }rz .. 

~2~5~5~6~.0~-r------------------------------------~~ 
/l!i.Ot 

Compact, grey and orown GRAVELLY 
SAND with some silt. Wet 

'(' 3 

~2~5~5~1~.0~-r------------------------------------~f--20.0± 

Compact, grey and brown fnterlayered .~f--

SAND and GRAVE/... and SILTY \ ~ • 
SAND and GRAVEL. Damp becomming 
wet below 25ft. depth. 

2!S38.5 

End of Borflho/e (Boulder J 

'- THOMPSON GEOTECHNICAL 

2!S 

26 

42 

23 

DRILLING DATE: Sept. 28,1982 

DRILLING METHOD: H.S. Auger 

BOREHOLE DIAMETER: 8 in. 

LOGGED BY: B.T. 

LABORATORY 

TESTING 

PIEZOMETER 

INSTALLATIONS 

I SP82·1AI lSP82-18 I 

' . I . ; . . . 
' Caved 
, Motlll'ial 
' 
' ' .. .. 

I ' 

. 
' 

~ . 
I . . 

• I 

.. , ~ 1' 

.r- ' -. 
-r 
~ 
·il~: Sond 
~; Bat:ltfi/1 .... 

:: ~ Dry, 
• Oc:t./2,82 

·: G/4 in. dia. P.V.C. 
~ • pipe - Slotted tip 

:.: _ _L -1 + I . 

y[:' Sand Bocl<fill 

~ Dry,Dc:t./2,82 

NOTE:: 
---;;;o;sible perched 

seepage zones at 
8ft. and 26 ft. 
dflpth. 

VERTICAL SCALE: I ln. :: I 0 ft. 

BOREHOLE NO: 82 -I 



-. 
RECORD OF BOREHOLE NO. 82-2 

LOCATION: Old Pond- Perimeter Dyke - Section A -A 

Inside edge of dyke crest. 

COORDINATES: 

GRID SYSTEM- DATUM; Whitehorse Copper 

ELEV. 

DEPTH 

SAMPLES 

2!$7 7.15 
o.o 

INFERRED STRATIGRAPHY 

__ Ground Surface 

Compact, brown, fine and medium 
SAND with "some gravel. 

NO. TYPE 'N' 

• --;-- 2"0.0 26 
~2~15~6~7.~,!$~4---------------------~---------------1~ 

10.0± 

2!560.0 
17.0 

2tl49.l!i 
28.0! 

Compact,lnterlayered, brown SAND 
and grey white SILTY SAND with 
some fine gravel. Damp to mols r. 

Very loose to loose, grey and white­
grey and black SANDY SILT- SILTY 
SAND with some fine gravel. 
( Weat1H1red till mixed with topsoil J 
Wet to very wet, very cold. 

-\_!_ " 

Compact, brown,interlayered, med. 
and t::rs. SILTY SAND and fine 
GRAVEL and med. to crs. SAND 

r-=:2i!5i4ii4"'_o=--i''---:w.:.:it_::h~s:om:.::.:•:....:.f.:,:l n:":__:g~r.:a:.:.v.:•.:.:.'·------..1;!. 6 .. 1 33.5 

2!$41,0 ? Waste Rock ? 
36.5 End of Borehole 

23 

4 

II 

30 

30 

DRILLING DATE: Sept. 28,82 

DRILLING METHOD: H.S. Au;er 

BOREHOLE DIAMETER: 8 ln. 

LOGGED BY: B.T. 

LABORATORY 

TESTING 

PIEZOMETER 

INSTALLATIONS 

ISP82-2AI ISP82-2B I 

.. .. 
' ' 

NOTE 

. : 
:: 

Wet mud 

Oct. 12,82 

• Possible perched 
seepage zona 
at 17 ft. depth. 

• Wa tar /e vel 
Indicated by 
SP 82~2A Is 
suspect. 

VERTICAL SCALE: I in. "' 10 ft. 

BOREHOLE NO: 82-2 

'- THOMPSON GEOTECHNICAL -----------------------......1 



RECORD OF BOREHOLE 

LOCATION: Old Pond- Perimeter Dyke- Sect/on A 4 A 

Tailings. 

COORDINATES: 

GRID SYSTEM- DATUM: Whitehorn Copper 

-

NO. 82-24 

DRILLING DATE: Oct. II, BZ 

DRILLING METHOD: S. S. Auger 

BOREHOLE DIAMETER: 4 ln. 

LOGGED BY: B. T. 

ELEV. 

DEPTH 

SAMPLES LABORATORY PIEZOMETER 

INSTALLATIONS 

0.0 

21!11!16.15 
17.0 

2!S43.$ 
.30.0 

:21!139 • .!5 
.34.0 

INFERRED STRATIGRAPHY 

Ground Surface 

Soft, moist, dark grey CLAYEY 
S/L T with sand. (TAILINGS) 

Loose to compact, SAND and fine 
GRAVEL with a trace to some silt. 

SAND, GRAVEL, COBBLES 

End of BorehOle 

NOTE 
--c;nditions Inferred from drill 

behavior and auger cuttings. 

HO. TYP£ 'N' TESTING 

ISP 24AI SP24B I 

. ' / 
: ·• SGnll 1 
• . I 
; ·.: Boc:lr.fi/1 I 
' .. 

' ' 

!Y.QI1i 
·Holes squeezed 
be tore baolcflll 
could be placed. 

• Water /eve/ 
lndlc a ted by 
SP BZ-248 is 
suspect. 

VERTICAL SCALE: lin. :: 10ft. 

BOREHOLE NO: BZ-24 

-THOMPSON GEOTECHNICAL ------------------------J 



RECORD OF BOREHOLE 

LOCATION: Old Pond- Perimeter Dyke - Sect/on B -B 

Outside edae of dyke crest, 

COORDINATES: 

GRID SYSTEM- DATUM: Whitehorse Copper 

NO. 82-3 

DRILLING DATE: Sept. 29,82 

DRILLING METHOD: H.S. Auger 

BOREHOLE DIAMETER: 8 in. 

LOGGED BY: B .T. 

ELEV. SAMPLES LABORATORY PIEZOMETER 

INSTALLATIONS DEPTH 

2:576.6 

o.o 

21571.6 
15.0" 

2:566.6 
10.0:!: 

2:5154.6 
22.0J: 

2543.6 
.33.0 

" 

INFERRED STRATIGRAPHY 

Ground Surface 

Loose, brown, fine SAND with 
some fine gravel. 

Compact,inter/ayered, brown fine 
SAND with sane fine gravel and 
grey and white SILTY SAND with 
some fine grovel. 

Loose to compact, brown SAND and 
GRAVEL with QCC. cobbles. 

Waste Rock 

End of Borehole 

NO. TYPE 'N' TESTING 

-
~ _!_ z''o.a 
r 
-II-!_ • 

'---
-~ -3 .. 

--.::;__ 

r----
d 4 .. 
~ 

-,j 15 " -=-

18 

20 

B 

16 

!50 

ISP 82·31 I 

·: .: 
: .. 
.. . . 

I 
., ,. 

J ]~.14 in. dia. P. v. c. 
' · flipe- Slot fed tip 

:. ·: 
·.r 
':[ 
-... ~ 
J.":. Or1, Ot:t. 12, 82 

VERTICAL SCALE: /ln.= 10ft. 

BOREHOLE N~ 82-3 

... THOMPSON GEOTECHNICAL -----------------------....J 



RECORD OF BOREHOLE 

LOCATION: Old Pond- Perimeter Dyke- Section 8 -B 

TaiUngs/ Inside edge of dyke. 

COORDINATES: 

GRID SYSTEM~ DATUM: Whitehorse Copper 

NO. 82-4 

DRILLING DATE: Sept. 29, 82 

DRILLING METHOD: H.S. Auger 

BOREHOLE DIAMETER: 8 in. 

LOGGED BY: 8. T. 

ELEV. 

DEPTH 

SAMPLES LABORATORY PIEZOMETER 

INSTALLATIONS 

215 76.15 
0.0 

21566.0 
IO.:S 

2:561.15 
15.0 ;I; 

2!J!JI.5 
2!5.0 

2546.15 
3o.oo: 

2154UJ 
3/S.O;t: 

2.537.0 
.'!9.15 

INFERRED STRATIGRAPHY 
NO. TYPE 'N' TESTING 

.Ground Surface 

Soft, moist, dark grey CLAYEY 
SILT with sand. (TAILINGS) 

Loose to compact, inter layered, brown 
SAND with tr. silt and some fine 4 '--:~. 10 grovel and white and grey SILT '~"''aa 
with fine gravel. Silt layers ore r 
wet. • / 

28 

compact, brown SAND and GRAVE'L 

~~7 .. 34 
!---=--

Loose, brown, fine SAND with 
some grovel ~~7 . 10 

f---'-... 

very dense, brown, fine SAND with 
occ. fins gravel. ~~.___ .. 

i2- 59 

Very dense, tan SILTY SAND and 
GRAVEL (TILL). 

~ 6 
.. ::006/S 

End of Borehole 

I SP82--+I I 

... 
~. ·. .. 
.. : .. 

.. 
.. 

I "T 

:. • Sand Back fill 

I 

~ ;: 'C=&14 in, dio. P. v. c. 
' · pip•- Slotted tip · . 
... \ 
; ~ 

.. 

.. 
J •• 

:' ·. 
~·: 
:I•' 
J:__:r_ 
;1: I Oct.12,82 

J.: 

VERTICAL SCALE: I in.= 10ft. 

BOREHOLE NO• 82- 4 

._THOMPSON GEOTECHNICAL -----------------------....J 



RECORD OF BOREHOLE 

LOCATION: Old Pond -Perimeter Dyke - Seet/on 8-8 

·Tal lings 

COORDINATES: 

GRID SYSTEM- DATUM: Whitehorn Copper 

- . , 

NO. 82-5 

DRILLING DATE: Sept. 30,82 

DRILLING METHOD: S.S. Auger 

BOREHOLE DIAMETER: 

LOGGED BY: 8. T. 

ELEV. 

DEPTH 

SAMPLES LABORATORY PIEZOMETER 

INSTALLATIONS 

o.o 

2!570.8 
!5.0 

2 9.:S 

Jl.5 

2532.8 
4!.0 

INFERRED STRATIGRAPHY 

Groond Surface 

Firm,moist, dorl< grey SANDY SILT 

( TAIUNGS} 

Very soft, moist to wet, grey 
CLAYEY SILT.' (TAILINGS} 

Coarse Loyer 

SAND 

End of Borehole 

fl52.IE. 
Conditions In fer red from drill 
behavior and auger cuttings. 

NO. TYPE 'N' TESTING 

ISPBZ-:SA I !SP82-SEII 

' ' 

: .. 
•. ~ 

. ' 

'

...... ~ 
Sa11d ~~-

·. : Backfill ~t 

·~:lc.(~ 1 • ~ Ory, 
: :' Oct.ll5,82 

.: : 3/4 ill. dla. F! V. C. 
: pipe- Slotted tip 

: ·; .. . . . . 
. ' .. 

NOTE: 

·Borehole 82-58 
squeezed before 
backfill could be 
placed. 

VERTICAL SCALE: /ln.= 10ft. 

BOREHOLE No: 82-5 

'-THOMPSON GEOTECHNICAL ------------------------...J 



RECORD OF BOREHOLE 

LOCATION: Old Pond- Perimeter Dyl<fl- Sectl'on C-C 
outside edge of dyh crest. 

COORDINATES: 

GRID SYSTEM- DATUM: Whitehorse Copper 

._.., -, 

NO. 82-6 

DRILLING DATE: Sept 30, 82 

DRILLING METHOD: H.S. Auger 

BOREHOLE DIAMETER: 8 ln. 

LOGGED BY: 8. T. 

ELEV. 

DEPTH 

SAMPLES LABORATORY PIEZOMETER 

INSTALLATIONS 
INFERRED STRATIGRAPHY 

NO. TYPE 'N' TESTING 

2/JTS.O 

o.o 
Ground Surface 

Compact, brown, fine and medium 

SAND with some gravel. 

1-~25~6~7~.0~-+--~~~~~~~~~~~~~~~~~,,~ 1/.0.t Compact, Intermixed, brown, GRAVELLY r-!- ~ 
tins SAND with a trace to some silt 

2/Hi3,Q and grey S//..TY SAND and GRAVEL. 
1/J.Ot 

Loose to compact, brown, med. and 
crs. SAND ana GRAVEL 

25!1.!.0 

25 

10 

2!1.01. 

COARSE GRANULAR SiRATUM 

(no sample recovery) 

,. r-L- .. >60 

254.!1.!1 

32.!1 END OF BOREHOLE. 

NOiE' Augers broke at 32.5' depth. 

Hole ob an aoned. 

I I L J 
I I I 

VERTICAL SCALE: I ln. = /0 ft. 

BOREHOLE NO: 82-6 



.._.., I 

RECORD OF BOREHOLE NO. 82-7 

LOCATION: Old Pond Perimeter Oyke- Section C-C 
Tailings/ Inside edge of dyke 

COORDINATES: 

GRID SYSTEM- DATUM: Whitehorse Copper 

DRILLING DATE: Sept 30, 82 

DRILLING METHOD: H.S. Auger 

BOREHOLE DIAMETER: 8 in. 
LOGGED BY: 8. T. 

ELEV. 

DEPTH 

SAMPLES LABORATORY PIEZOMETER 

INSTALLATIONS 
INFERRED STRATIGRAPHY 

NO. TYPE 'N' TESTING 

ll!ST:S.9 

0.0 

2!S!SB.9 
I!S.O 

211140.9 

33.0 

. Grlilund Surface 

TAIL-INGS 

Compact, brown, fin!!! SAND with 

some fine gravel. 

Compact, grey and brown SANOY 
5/I.T- SILTY SAND with some fine 
grave/. Becoming wet below 38ft . .t. 

V' ,-l .. ·•o.o 1' _I". 

/4 

y•""T" ,, 2/ 

~=2~53~/~.9~~------------------------------------~-
42.0! 

2!H6.4 

2!108.4 
6!J.:S 

Compact, brown, fine SAND. 
Damp becoming wet below 

!54 ft. depth. 

Very loose to compact, brown fine 
SAND with tr. to some silt. Trace to 
some alack organic mot~~Kia/, Very 

wet. 

E:nd of Borehole 

""r- .. /6 -
)5 a- .. 19 -

W.O.H 

14 

ISP82-TI I I 

' . . . 

~:· :.C.U4 ill. dia. P.V.C. 
. . Pip•-Sioltf!ld Tip 
. '• 

. ' 

. : . : 

... · . 

. .. 
' ' .. 

'. 
: ~ 

.. \ 

. ·;· • :· and .. 
~· ~ .. 

'• 

I 

' . 
' 

.. 
' .; 
' •' 

< .. .. 

?-y-? 
Su/ltlll 

..:r.. .. .. .• 

' 
.--- ocr. 12/ B2 

: 

VERTICAL SCALE: I ln. = 10ft. 

BOREHOLE NO: 82-7 



RECORD OF BOREHOLE 

LOCATION: Old Pond-Perimeter Dyke- Section c-c 

Tailing•. 

COORDINATES: 

GRID SYSTEM - DATUM; Whitehorse Copper 

NO. 

C/'-f 

82-8 

DRILLING DATE• Oct. I, 82 

DRILLING METHOD: S.S. Auger 

BOREHOLE DIAMETER: 4 ln. 

LOGGED BY: S.T. 

ELEV. 

DEPTH 

SAMPLES LABORATORY PIEZOMETER 

INSTALLATIONS 

2f17!J.2 
o.o 

INFERRED STRATIGRAPHY 

Ground Surface 

Soft, moist, dork grey CLAYEY 

SILT with sand. (TAILINGS) 

_!!~f------
20.0: -------

2!129.2 
44.0 

2D09.2 
64.0 

Very soft, very war, light grey, 

CLAYEY SILT. (TAILINGS) 

Grey SILTY SAND with grovel. 

(Tilt Like- Fill) 

End of Sorehole 
li!llft' Conditions Interred from 

drill behavior and auger 
cuttings. 

NO. TYPE 'N' TESTING 

.. ,.. . . 
; :· . ~ 

' : .. 
.. :. 

" 
•' . . · . . . 
: ·: 

: · . . . . . 

• • Sand 

·: ~ l!8odc f iII 

. ' 

.. . . 

VERTICAL SCALE: I ln • 10ft. 

BOREHOLE NO: 82- 8 



RECORD OF BOREHOLE 

LOCATION: Old Pond - Perimeter Dyke- S•ctlon D- D 
North Dyke- Center of Crut 

COORDINATES: 

GRID SYSTEM- DATUM: Whitehorse Copper 

NO. 82-9 

DRILLING DATE: 0 ct. I, 82 

DRILLING METHOD: H. S. /S.S. Auger 

BOREHOLE DIAMETER: 8 ln./4 in, 

LOGGED BY: B.T. 

ELEV. 
DEPTH 

SAMPLES LABORATORY PIEZOMETER 

INSTALLATIONS 

2/390.7 
o.o 

25/JZ .2 
38.5 

INFERRED STRATIGRAPHY 

Ground Surface 

Compact, brown SAND and 

GRAVEL with COBBLES. 
Trace of slit. Dry. 

End of Borehole- Bedrock? 

.f:l21..!' Could not advance H.S. 
Auger beyond 12ft. depth. 
Drilled from 12 ft. to .38..!1 

ft. with S. S. Auger. 
Conditions infered from 
drill behavior md auger 
cuttings. 

NO. TYPE 'N' TESTING 

-I ti!"O.o. IJ4 
t---

ISPB2-9 I I I 

~ . 

: :l5;3./4 ln. dltJ. 
• . P.V.C. Pipe-
: • SII'Jtted lip 

' : 

.· . 

···~tJVtJd 
~-.: loltJIW'itJI .. .. . .. • -

VERTICAL SCALE: I in"' 10ft 

BOREHOLE NO: 82- 9 

1.. T'LU'Iut::u:u'UII r.t:f'lTI!'CI-INICJil. -------------------------------1 



.......,., T 

RECORD OF BOREHOLE NO. 82-10 

LOCATION: Old Pond- Perimeter Dyke- Section 0-0 
Tailings/ Upstream Edge of Dyke 

COORDINATES: 

GRID SYSTEM- DATUM: Whitehorse Copper 

DRILLING DATE: Oct. I, 82. 

DRILLING METHOD: H.S. Auger 

BOREHOLE DIAMETER: 8 ln. 

LOGGED BY: 8. T. 

ELEV. 

DEPTH 

SAMPLES LABORATORY PIEZOMETER 

INSTALLATIONS 
INFERRED STRATIGRAPHY 

NO, TYPE 'N' TESTING 

2~117.5 

o.o 

14.0 

2~60!J 

. Ground Surface 

Soft to firm, dry to damp, dark 
grey SANDY SILT (TAJLINGS}. 

Becoming toft and mof•t at 
10 ft. .! 

Compact, brown SAND and GRAVEL. _ 
occ. len• af •llty 11and and gravel. 1 ~ ...,!._ 2"tl... ~s 

vJ-;- .. /8 -
2T.O.! Brown f/berou• PEAT. Mol.r. 
28.0 ••3 .. 1:5 Compact, grey and grey brown SILTY "' -=--

fin• SAND. Mol•t. 

34.~ End of Borehole 

. 

LSP82-IO I I I 

: .. .. . . 
•' . . . .· . 

. ' 

· 'l5~3/4 dia. : ,. P.V.C. Pip•-
', : Slatr.d Tip 

. ·. 
·. :.1 (~and 
:. ~ ~ Sa ell fill 

' . . . . ~ :. 
. ·. 

. ' 

VERTICAL SCALE: I in.= /0 ft. 

BOREHOLE NO: 82 -10 

'- TI-IQMPSDN GEOTECHNICAL -------------------------.....1 



_, , 

RECORD OF BOREHOLE NO. 82- II 

LOCATioN: '8' Dom • £asf Abutment. Sechon 8-B DRILLING DATE= Oct. 4- 1982 
.... [)om Crt! Sf . . DRILLING METHOD: H. S. J!.ucpt:t:_ 

COORDINATES: BOREHOLE DIAMETER: _ I!!J tn . :.-::.~ ... 
GRID SYSTEM~ DATUM; Whifehor;,e _Copper .. .... LOGGED BY: 5T 

ELEV. 

DEPTH 

0.0 

. 2..0 

2476.5 
- .39. 0 

39.5 

SAMPLES LABORATORY PIEZOMETER 

INSTALLATIONS 
INFERRED STRATIGRAPHY 

NO. TYPE 'N' TESTING 

Ground Surface 
SAHD1 GRAVEL and C085Lc5. 

.veYy dense. 1 qrey SILTY SAND 
· wifh GRAVeL ~ac.e· -To · · ~::. 

1
_:::..ome._cJay {GLRC!FJL T./LI..-FIL~ 

very denu J /7rown and w hi fe 1 f/ne, med/um and c,:Jarse . ~I 
SAI'ID1 damp becom1n9 weJ- -
·pefow .32ft. de?fh 

very denfl!, red bYown 
5/LTY 5ANrf(GL!IGAL TILL 

End of Borehole 

.. 7t!JC 

.. p9o 

I!>P !Z·III I I .. 

' . 

: ''r--'.5and Saclrnl/ 

:I-

VERTICAL SCALE: l1n • 10 ff 
BOREHOLE NO• 82-// 

.... THOMPSON GEOTECHNICAL ------------------------.J 



RECORD OF BOREHOLE NO. 

LocATioN: " B 1 Oom :_ Ea~r Abutment- .Secf/()n 8-£3 
Mid .Secrt'on -~ .. 

COORDINATES: 
GRID SYSTEM~ DATUM: Whitehor:>e Coppe,...-

• I 

82-/2. 

DRILLING DATE: Oct. 4J /9.!JZ 
DRILLING METHOD: ·H,S. R_uqey 
BOREHOLE DIAMETER:~ .. In·:~'"'~ 

LOGGED BY• 8 T 

ELEV. 

DEPTH 

SAMPLES LABORATORY PIEZOMETER 

INSTALLATIONS 
INFERRED STRATIGRAPHY 

NO. TYPE 'N' TESTING 

250.3.0 . Ground Surface 
o.o 

Z495.o 
· a.o_. 

SANO <GRAVEL and C08BL£S 
(FILL; 

c.ompacf i2::J dens-e, qrey 
.SILTY 5AtfD and GRAVEL 
{W£ATHf.RE.D' TILL ? ) 

Z479.S 
l---..,..-+-----------:-:r7.11t'"""';- ~ 

. 2.3 .s -· 1-'--

" 52 

very denfe, bn::N.vn and white 1 mid/um and cpctrse SAND, zq' 3 
d<. amp r !:Je.c.atr11n9 wef below i-=­
Z./Jf ... depfh 

Z4?;9.S ~JI-4 ·;..·- '7!JO 
_3.3.5 ver,y den;e1 Rink wh1"tt! SILTY >AHIJ'r-'-
2465.0 wilfl 50mt! c7ay (GLfiC/I:U TILL) .; 

38.0 _::End .. of 5orehole. 

I 

' ' 

. ; ~3/4''¢ P. v. c. 
· P/pe _ Slolfed. 
. ~lip ·- . - . 
' I 

' . . 
~ ~.,.--"5ant;f /Jack fill 

. 
\ . 
. . 

VERTICAL SCALE: I /n .. 10 ff 
BOREHOLE NO: 8 2 - 12 

.... THOMPSON GEOTECHNICAL -----------------------....J 



RECORD OF BOREHOLE NO •. BZ. -/3 

LOCATION: ·" e/ Dam - £ast Rbufmenf .-Secfion 8·8 
·· ··-,.,-- t E 51 . . f.-I. es ____ .a .. ope:. . _,. . -~ 

COORDINATES: 

GRID SYSTEM- DATUM: .. . Whitehorse Copper 

DRILLING DATE: Ocf../, /982. 
DRILLING METHOQ:-·H. 5'. Ru9er 
BOREHOLE DIAMETE~:. . .:::,a in 
LOGGED BY: E:. T 

ELEV. 

DEPTH 
INFERRED STRATIGRAPHY 

SAMPLES 

NO. TYPE 'N' 

LABORATORY 

TESTING 

PIEZOMETER 

INSTALLATIONS 

Z494.9 · 
o.o 

Ground Surface 

compacf, brown SAIYf) and 
Gr<AV£L 1 wifh .some cobble:s 
FILL 

!485.4 . I Z'J7.D 30 ·I 

CJ.S . la!Jie k:J.compac~damf' to moiJfj 9ny 
51/.TY .!ANP and GRAVEL.Jome rooflt!/$ ==c-

. (W€RTH£R£Jt·::rrU or.--X!LL) ··. 2 ·,, 10 ,.; 
Z478-9 
J6.0Z J.tery deme,4amp 5/LTY 5ANP -5ANQY ~ 

S!L7 wifh GRAVEL; fn:tce clay.- .=!L " 
247.3-4 .(GLRCIRL TILL) -· ~~--- __ 

Z I· s t:LJmpaclj 9.rey f/LT .. wifh ~ome kJn ~JOtrrc -=-
24C.9.9 Fine qravel,a'rld a 'ft'ate to IOmf! clay .. ~ .. 
!5.0t:. comtacl, Plt:xun {whitt:Jnudt'um i coar:re 

Z4G s. 9 SAN[); ;/r(J/iurrunJerla/n w( !em bro/Jln >Dndv Jif,~ --,s-
.Z9.CJ. 

verr. den.re, f'i'nk .whife and qrey · ~ . 
L<Jfi/te, Ft'nt!~ med1um and coane _£ i · 55 '" 
SANO wt'fn 5/Lr and trace day 
occa:;iona/ fi'ne qravel ' --,-
.(GL.RCIRL TILL) ~ • ")90 ,, 

End of .. Borehole. (8edYock?) 

I ::>I' IZ •131 I I 
I I 

· · ,.-5and8ackfill 

. 

. :f.:!:.- Ocf IZJ9!3Z . -
••• ... 
t 
.'f 

_:J.:. 

VERTICAL SCALE: / /n" 10 ff 
BOREHOLE NO: 82- /3 

L.. THOMPSON GEOTECHNICAL -------------------------' 



._., T 

RECORD OF BOREHOLE NO. 8 2.- 14 

LOCATION: \ 8' Dam - ~ Easf f.lbulmenf- 5ect/on c-c 
Borrow ~-P/f ... .. · 

COORDINATES: 

GRID SYSTEM- DATUM: . .':.WfiitfthOY5e Co?per 

DRILLING DATE:.Ocf. 4- 19/32 
DRILLING METHOD: H.f. "Au7er 
BOREHOLE DIAMETER: .... /!> in. 
LOGGED BY: 5 T 

ELEV. 

DEPTH 

SAMPLES LABORATORY PIEZOMETER 

INSTALLATIONS 
INFERRED STRATIGRAPHY 

NO. TYPE 'N' TESTING 

Z49S.5 Ground SurfacB 
o.o 

?469,s. 

1-ZC..O? very den.se ,. brown and 
whire fi'ne and med/um .s.AHD ~ 

2463.5 
32.0-:r:. 
2459-5 
36._Q. 

Vet::Y. dense,. white and 9Yey 
SAND with SILT, trace clay 

·· {GLACI11L TILL)" · _ 

£nd of bor-ehole 

• "J90 ?" 

I..SE'8Z ·14l L I 

' ' 

..;.3(4, tP P. v. c. 
. Ptf'e. Slolfed 
. : .tl p ... . . . 

' ' 

' ... Sand /!Jack fill . ' 

. 
. · ~~ct /2119/Jl 
I 

I· 

•• 'I' 
I I 

lJj 

VERTICAL SCALE.: I In " 10 f't 
BOREHOLE NO: 8 2- /4 

'-THOMPSON GEOTECHNICAL --------------------------' 



...._.,I 

RECORD OF BOREHOLE NO. 82- 15 

LOCATION: ... 8' Dam- £asr Abufrnenf - .Sect/on c-c 
Toe pf 5/ope near rec/ai'm 1/ne 

COORDINATES: 

GRID SYSTEM-DATUM: Whitehorse Copper 

DRILLING DATE: Ocf. S"' /982 
DRILLING METHOD: .S .S.I!-u9eY" 
BOREHOLE DIAMETER' _:_~_.:.:.4 1 n. ~::~·::-· 

LOGGED BY: 0 T 

ELEV. 

DEPTH 

SAMPLES LABORATORY PIEZOMETER 

INSTALLATIONS 
INFERRED STRATIGRAPHY 

NO. TYPE 'N' TESTING 

. 245'0.2 
o.o 

2429-'Z 
2.1. 0:!:.. 

Z4tb.2 
34.0"!:. 

Ground Surface 

compacf to dense,qrey SILT 
SAND and GRAVEL wifh 

1 
1 t'o.o. 17 'J 

t::;ome. ~lq•{- ... T/11 like 
c.i::>mfosthon 

7 \1 37 I</ 
~ 

1--
~ It 2'JI'I 

7 II, 22 Z<f 

coiTlpacf, t?rown and wh/re,. I--X-
4nd 9rey ·and while 5111'10 
and GF?AV£L "":5 , 19 -z'l .....=.... 

----------
c:orr;q;_ac/7 brown and whil"e 
.SA 0 and GR.AVEL 1 .with ri;; ic. 

31 3"1 len::>I!!S or /.}J,nzy -till like 
silty sana 

24-0(:..7 1---

4-3.5 very deqse, lt9hf 9rey SILTY r-Z- 11 
Z7 •N 

.SAND wdh some jj'[ove I 
2400.7 fypce L./ay (6LRCI L .TILL) l;r1- ,, . '?bO '{9 -

· 1-.9.5 End ... of:~.8orehole 

ISP Z·l51 I I 
, I I 

:: -·3/4 .. cp P. v.c. 
· . P/pe. 5/oHed 

rip 

.. . 
' .. 
-~J..sand e;ac:kfl'/1 . 
. ' 

.. 

l 
:f: ~ od 12, 19132 

ili 

VERTICAL SCALE: / t'n "' 10 ff 
BOREHOLE NO: 82-/5 

"'IJ...If1MP_~nN t;FOTFCHNICAL ------------------------....J 



RECORD OF BOREHOLE NO. 82- /6 

' a ' LOCATION: = Dam - Upstream Crest 

COORDINATES: 
GRID SYSTEM- DATUM: Whi fe hC:W5 e Copper-

DRILLING DATE; Ocf. 1 f 11 1 198 2 
DRILLING METHOD: .S . .S. Auqer 
BOREHOLE DIAMETER: ... 4- j n. 
LOGGED BY: 0 T 

ELEV. 

DEPTH 

SAMPLES LABORATORY PIEZOMETER 

INSTALLATIONS 

0.0 

INFERRED STRATIGRAPHY 

Ground Surface 

Note 

.Wole::. drilled For stand­
-pif?& in-stallafion~ · o_nly. 
E3orh holes located m 
ftne 9ra/ned rnt'xed 
f'tll::s in up!5fream .2one 

.. of dam 

NO. TYPE 'N' TESTING 

IS lSYR 'lbt.l .. 

.. . . 

· .. 3/4"4 . 
f. v. c.-

' pipe · . 
sloltta · 

· .. Jifz_ ·: 

: · 5ond: 
· ·. /}acki71J · : .. 7_ L.. · . 

. . 
: 

• I 

. .. . 

. . .. 
I ... 
I 
li D._ 
J:lcf.~9lJ, 

·I· 
:.r~ Oct. 15, 1982 

••• :r 
J 

VERTICAL SCALE: I i'n : /0 f'f. 
BOREHOLE. NO: 82- /b 



'-"'' 
RECORD OF BOREHOLE NO. 82 ·19 

LOCATION: "8' Dam- We.sf ;:lbufme.nf-_ 5ec/;on 0-Q DRILLING DATE:._ Oct. 7 1 198Z 
spillway Center!t'ne - DRILLING METHoo: H . .s. lluqer 

COORDINATES: BOREHOLE DIAMETER: 6 in 
GRID SYSTEM- DATUM: Whitehorse Copper LOGGED BY: 13 T 

ELEV. 

DEPTH 

SAMPLES LABORATORY PIEZOMETER 

INSTALLATIONS 
INFERRED STRATIGRAPHY 

NO. l"YPE 'N' TESTING 

2505.4- Ground Surface 
o.o 

l~o.se.:~ qrey bro_wn SILTY __ _ 

2500_
4 

fme S~ND 1 mots!- 1 .fvo 8 '" 
~~-+4-----------------------------~ 5.0±. 

2467-4 
/8.0( 

·aen-;e: to very den5e., brown 
and white, f'/ne,,medium 
and :coar.Je .5AND ... 

2470.9 ... 7 --~-- t:•4 11 
r.~3~4~.~5~----E--n_d ____ a_r ___ 8 __ o_n_~_h_o_t_e. ____ ~~ 

&sz·t?l L I 
I I 

: -~3/4-"q P.V.C. 
pipe, ,Jailed 

. tip 
r • 

• ·1-sand Back.f/11 

.. 

.... 
·t 
l 
'I 
1:1:: 

VERTICAL SCALE: /in., !OFf 
BOREHOLE NO: 8 2- / 9 

.._THOMPSON GEOTECHNICAL --------------------------' 



RECORD OF BOREHOLE NO. 

LOCATION: '8' Dam - Wesf Rbufmenf- 5echon D·D 
:Spillway Cenferl/ne - P. I. 

COORDINATES: 

GRID SYSTEM- DATUM: Whifehorse Copper 

82-2.0 

DRILLING DATEL._Ocf, 7, /982 
DRILLING METHOD: H.f. fju9er 
BOREHOLE DIAMETER• _ 8 m. 
LOGGED BY: 8 T 

ELEV. 

DEPTH 
INFERRED STRATIGRAPHY 

SAMPLES LABORATORY PIEZOMETER 

INSTALLATIONS NO. 1'Y'P£ 'N' TESTING 

o.o 

2495.0 
1.3.5 

2491 • .5 
17.0::!::. 

24-!J7-5 
Z/,0..:1;,_ 

Ground Surface 

' ci>.c s 4 

very loofe ') brown, Fine SAND, 
wirh lenu~ of silty fine san~ 
wef . . T "' 3 9 

t-=-

:3: .. 4-3 r-1 
deme.J bn:::uun and. white, f/ne 
med1um and · coarse SJ'I/'1[) 

dense, brown f"/'ne 4 .. 47 I v] 
SAND -=-

.3: .. 7(i) l,J 

verx_ den$e, llqn[ 9rey- whife T ... 75C ~q 
Slt.:.TY .SAND Wtth a froce 

_;;;._ 

of clay (6LI1CIRL TILL) 

2469.0 7 ... 7btJ '" 
~~~~-----------------------------------~~ 3'/.;i.:_ .£nd of Borehole 

t$Psz.za 1 1 

.. . . 

. . 

' ' 

· .-!Jf4"t/' P.V-C. 
: : Pi;:e • Slotted 
. lt'p 

. 
: :.-Sand !jack fill .. 

. ~ ~ C'cf. 12, 19!32 

;t 
l :, . ... .... 

,)_ 

VERTICAL SCALE: lin~ !Off 
BOREHOLE NO• 82- 20 



RECORD OF BOREHOLE NO. 82- 2/ 

LOCATION: '8.1 Dam • Wesf llbufmenf. 5e-cfti:m 0~0 
:Spillway Cenferl/ne - cre:;t of Slope · 

COORDINATES: 

GRID SYSTEM~ DATUM: Whifehor,;e Coj?f?t!Y 

DRILLING DATE: 0Cf. 8.~ 1982 
DRILLING METHOD: H· :). Au9er 
BOREHOLE DIAMETER: t> in 
LOGGED BY: 13 T 

ELEV. 

DEPTH 
INFERRED STRATIGRAPHY 

LABORATORY 
t--r----r--1 

TESTING 

SAMPLES PIEZOMETER 

INSTALLATIONS NO. TYPE 'N' 

249.3.0 Ground Surtoca 
o.o .silty sand, q-ravel and cobble:;· 

(FILL) · 
24aa.o 

.s.o rro.zen) q_reY..J fine and 
medium "SAI'Iu with some :=z=)~o.o . .lf/!J c7 
9r-ave!_, -low ii::e content,~ 
some crysta/6 1 no lenses 

2 4 79. o L ~ «fp,· ,<{ 
14-. o -in/erlayerEd, :Jofl !z:, firm, klu:~lri SILT ""' 

2.475.0 I (unfr()z~n) and 'froz.en f/ne 5AND 

~ • 36 :~" 
d,enu, be com/!Jq very de.nse, 
luJhl· 9rey- whde- yellow 1 ft'ne. . 
medium and coane SAN~ 

fn::rce fo :;ome silt and trace. 
clay: (GLRCIRL /ILL). C-::t/d bul 
nol Fro;z.en ... 8realrs down ~- 5 ~ 56 14 
wil·h handl1n9 -=-

~ .. 79 3'i 

~2.~~75~2~.0~--~--~77~-----=--~~~~ 
4-/.o.r. very de.nu:.,ti9hf qrey· yellow S(LTY 

Z44.8.!5 tne. and medium SAND 1 wtfh · ---=r .. ,.5t7 'd--
44· S' · rroce fo some clay · 

(Gt.RCIRL TILL) 

-.·End of !!;ore hole 

-· • -• ·---·• ,_.r-,.,...,..~,...LIA.iii"'A I 

ISP 2·ZII I I 

.. 
' . 
. . 

. 
' 

. ' 

· .-'!J/4in ¢ P.'V.C. 
· pipe~ SloHed 
. . fip 

: : r,.-}and {je~ckh 71 

. 
~ 

·t" 
J ~ tJd: 12, f9!J2 
·r: 
••• LL 

VERTICAL SCALE: I in • 10 ff 
BOREHOLE NO: 8 2 • Z I 



RECORD OF BOREHOLE NO. 82- Z2 

LOCATION.: le/ Dam - We'Jt c::1bufmenf - 5echon D·D 
:spillway t:enmrkne- - Toe ?Jt flope 

COOROINATES: 

GRID SYSTEM· DATUM: Whifehot"$e C'Off'el"'" 

DRILLING DATE: Clef, /1, !l/82 
DRILLING METHoo: H.f. Auqer 
BOREHOLE DIAMETER: l!J rn 
LOGGED BY: B T 

ELEV. 

DEPTH 

SAMPLES LABORATORY PIEZOMETER 

INSTALLATIONS 

!45"CJ.Z 
o.o 

24-44.2 

INFERRED STRATIGRAPHY 
NO. TYPE 'N' 

· Ground Surface 

/ooH!7 qrey, and qrey ':'lhife SILTY 
5AIYO wtfh some ftne 9ravel ll z·po 6 ( CCJI.LUVIUM) 

6 .o ·· CC?m!',ad; interlayer-ed7 qrey wht'te L ~ 
an'd /?rown ;SA NJJ, SAN/} and 
GRAVEL and .-SAN/J wifh :some 

17 

.silt and somi!-LJrCIIfe'/ ((OttUVIU/1) ~ " Zl 
2435.2 ~ 

15.tJ:t.. 

2425.2. 
25. Cl :t. 

eomFacf, lnlerlayered, 9rey 
and while, r/ne and rnt!dium 
SAN[} I and :SAND and 
GRAVEL 

I II 19 

I ~•. 17 

deme? &ecommin9 very denfe, G ,, 34 
lt9hf 9.rey- wh/fe 5/LTY 5AIYP 1 · -=-
wifh trace clay (&LRC!t:IL TILL) 

t-=2=:4:.-:1.:::;;5"·~7-+---:---;----:;:---:::---:---:----t-7"'-t .. 74-
34.5 £nd of Borehole 

-• •-• • --- •• ,.._,...JII"'Iii....,r-1""'11 jAil,.. 1111 I 

TESTING 

I I I I 
I I I I 

VERTICAL SCALE: I in= /0 ff 
BOREHOLE NO: !52- 22 

------------ .. 



-· ' 

RECORD OF BOREHOLE NO. 82- Z.3 

LOCATION: '.8' Dam - W'e5f Abutment_ :Sechon F- f 
Gravel Borrow Area -

COORDINATES: 

GRID SYSTEM- DATUM: . Whi fe horSe Co?per 

DRILLING DATE: .. Ocf:8 · /9t82 
" DRILLING METHoO:. H.S. Au9er 

BOREHOLE DIAMETER: ;8 /n 
LOGGED BY: .8 I 

ELEV. 

DEPTH 

SAMPLES LABORATORY PIEZOMETER 

INSTALLATIONS· 
INFERRED STRATIGRAPHY 

NO. TYPE 'N' TESTING 

2521..4- Ground Surface 
o.o 

-~~fli' 2£~'{jf'('d :-:r SILTY .f.I!J'!O.p tvo 7 . 
(W£11TH£R£P .. /;t.I/CIIlL TILL) 

r2~5~1_2.~4~--------------------------~~~z~ .. 51 
._9,0' r'--

FZ'::!.4":'.9-=:':-'·9-;-----..,..--------~~:=l:...! .•.o c;;.s 
-24-5 

2.487. 9 
:3.3.~5 

248/.9 
39-S .. 

denre fo . v;. ery penre, qrey r-;:::.-
artd bY'own, fme am& ~ .. 74-0 
med1'um SIJNO/ wet 

-""=z " )IJO _ 
ver.y de(lfe 1 lt9hf qrey, -white ~---'-
SIL TV ftne. and mect1um 5A/il) 
trace clay (GLRCIRL TILL) /-4""":'!13:--r •• N.A 

.£nd _or _.Borehole . ___ .... 

L:$1"', 1·2.3 I I 

. .. . . 

. : 
' . 

: 'r-3j4"(JP.V.C.Pipe 
· : s/olkzi t/p · 

.. 
' . •. 

'' vS:OndJ3ackf/l/ 

. : 
·t:~.acf/21 /9/jZ. 
I: -= 
1'. 
1: 
1 

VERTICAL SCALE: I /n" 10 fj­
BOREHOLE NO: 8 2- 23 

-THOMPSON GEOTECHNICAL -----------------------......J 



\....,.o-1 I 

RECORD OF BOREHOLE N.O. 83-1 

LOCATION: Lower 'A' Valley - Gravel Sorrow Ano 

COORDINATES: 57,015 N- 71,970 E 

GRID SYSTEM- DATUM: Whitehorse Copper 

ELEV. 

DEPTH 

2381.8 
o.o 

23'70B 
11.0 

INFERRED STRATIGRAPHY 

Ground Surface 

Clean, grey SAND, GRAVEL 
~ COSSLES. Dry 

Clean, grey SAND ~ GRAVEL 
with ace. cobbles. Secomming 

t~2]!~6t5r.s~t---~~s~u!9~nt~ty~~,,~·,~y~wl~t~n_a~a~p~t~h~·--------/r-­,:~.o! 

235'7. 8 
24.0! 

23!!2.8 
2.9.0 

2341.8 
40.0 

Clean well graded 
SAND t, GRAVEL 

Crs. SAND ~ fine GRAVEL. 
Tr. Slit 

Tan, SAND, SILT ~ CLAY 
(GLACIAL TILL) 

End of Borehole 

No samples taken. 
Stratigraphy inferred 

from drill cuttings ond 
drill behavior. 

SAMPLES 

NO. TYPE 'N' 

DRILLING DATE: Aug. 25, 83 

DRILLING METHOD: Schram Air Rotary 

BOREHOLE DIAMETER; 6 ln. 

LOGGED BY: D.C. · 

LABORATORY 

TESTING 

PIEZOMETER 

INSTALLATIONS 

ISPII!-l I I I 

·. '• I I 

: ~. 

l :p3/4 ln. dia. P.V.C. 
: : Pill II- tloHed tip 
: .: 

' .. 
• ·:=. 

: ?: Granular 
:. ; 

1 r Saclttill .... ~. 
1 

VERTICAL SCALE: I ln. = 10 ft. 

BOREHOLE NO: 83-1 

~o. "'1"1-JI'l/VIDC::ntU f:~rl'T~C:I-INICJJ.I. ----------------------------------------------------J 



RECORD OF BOREHOLE NO. 83-2 

LOCATION: Lower 'A' Valley- Alaska Highway 

COORDINATES: !57, 4!50 N - 73,!520 E 

GRID SYSTEM~ DATUM: Whitehorse Copper 

ELEV. 

DEPTH 

2389.8 
0.0 

2361.8 
28.0 

23.!57. 8 
32.0 

36.0 

23.!50.3 
39.5! 

23.24. 8 
65.0 

INFERRED STRATIGRAPHY 

. Ground Surface 

Grey SAND, GRAVEL 
~ COBBLES. Dry 

Stiff, brown CLAYEY SILT. 
Damp 

Brown SAND ~GRAVEL. 
Damp to moist 

Light brown fine, mad.(. 
crs. SAND. Damp 

Light brown SILT, SAND, 
GRAVEL t COBBLES. Dry. 

(GLACIAL TILL?) 

Continued next page 

SAMPLES 

NO. TYPE 'N' 

I 

DRILLING DATE: Aug 2!5-26, '83 
DRILLING METHOD: Schram Air Rotary 

BOREHOLE DIAMETER: 6 ln. 

LOGGED BY: S.T./O.C. 

LABORATORY 

TESTING 

PIEZOMETER 

INSTALLATIONS 

I SP83~21 I I 

: ~! I I 

! ~ .. 
' . . .. 

I . ' ... 
' . . . . . 
~ ~; 

.:· ~ 

~ J;z4 in. dia. P.~C. 
· ·. p;,.- •lotted tip 

.. · 
:: :· 
:' ·; 
:. 'c, . . 
... ': . ' . : 

: :· · .. 

'. . . 
' . . . . ' 
' . . ,. 
' . 
~ :: .. . 

' ' 

VERTICAL SCALE: I ln. :: 10 ft. 

BOREHOLE NO: 83- 2 



RECORD OF BOREHOLE NO. 83-2 Cont'd 

LOCATION: 

COORDINATES: 

GRID SYSTEM - DATUM: 

ELEV. 

DEPTH 

2288.3 
101.!; 

228!1. 8 
104 

2264.8 
12!!5 

2262.9 
121 

2257:8 

134 

INFERRED STRATIGRAPHY 

Continued from previous Daoe 
. 

Lig 11t grey t. brown 
SAND, GRAVEL ~ COBBLES, 

Tr. to some silt. Dry 

BOULDER 

SAND ~ GRAVEL. 

BOULDER 

SAND with some GRAVEL. 
Dry. 

SAND t GRAVEL. Moist. 

SAND ~ GRAVEL. Some silt 

Continued next poge 

DRILLING DATE• 

DRILLING METHOD: 

BOREHOLE DIAMETER: 

LOGGED BY: 

SAMPLES LABORATORY 

No. TYPE 'N' TESTING 

PIEZOMETER 

INSTALLATIONS 

I SP83-2 I I I 

. . . . .. . ~ 
\ : 

I 

3/4 in. did. P. V. C. 

~ ;~e- SloHed tip 

• I. ., -. .: : .. 
'. 
: \ 

'· 
: '• j-Coved Material 

' 
~ I . ; 
' : . . 
~ ' . . . ' 
l • 
I • 
' I 
' . ' . ' . . . 
•' . ' 
~ . 
, I . \ 

•, . .' . \ . ' 
' ' .. . ' 
'• I 
' . 
! t' 
' ( . 
\ ' ',. ~. . 
t 1 
' . . ~ 
'. 
~ ..: 
, ~ 

VERTICAL SCALE: I in = 10 ft 

BOREHOLE NO: 83-2 



RECORD OF BOREHOLE NO. 83-2 Cont'd 

LOCATION: 

COORDINATES: 

GRID SYSTEM- DATUM: 

ELEV. 

DEPTH 

2249.8 
140.0 

22::19.8 
IISO.O 

2235.8 
154.0 

INFERRED STRATIGRAPHY 

Continued from previous page 

SAND ~ GRAVEL 

Firm brown SILT with some claY 
and tr. to some sand. (GLACIAL TILL1) 

End of Borehole 

DRILLING DATE• 

DRILLING METHOD: 

BOREHOLE DIAMETER: 

LOGGED BY: 

SAMPLES LABORATORY 

No. TYPE: 'N' TESTING 

PIEZOMETER 

INSTALLATIONS 

I SP83-2 I l I 

VERTICAL SCALE: I in = 10 ft 

BOREHOLE NO• 83-2 

. 





'-I 
___ , __ """" ..... , 

~.,...... 

PIEZOMETRIC OBSERVATIONS - ~· 

(STANDPIPE PIEZOMETERS) 
STANDPIPE No: 82 -lA 

DEPTH PIEZOM. 
INSTALLATION DETAILS DATE TO S.W. ELEVATION NOTES 

<If. > ( lt. ) 

Oct. 4 I IJZ -
LOCATION: 8/-1 8'2 -I Oct.IZ/ 82 Orr; 

5'eckoa A~A~tJtct Po/la (}ct. I&/8Z -
P/r if are s-f-· 

COORDINATES: 

REF. DRWGS: Rna res ./aae to/83 LJrtj 
"' tVt?V. ~4/83 -

TYPE/ MODEL: ~lolled Ttl"be 

CONFIGURATION: !llaad/lti/e /IL!I.j II I 84 Orq 
' 

INSTALLED: 5e,tJt. /8"2 

TOTAL LENGTH: '34." / JCL!If C/ 87- - ( ···;;;-s;;:;;;;ec~) 
........ 

COLLAR ELEV: f5r8 • Z I 

GENERAL NOTES 

(} Condtr/onstirdtcale 5'/anct-

ptpe ma'l be !ocattd w-iflllit 
zone of ,JJarlta!lt; salal"alect 
flow. 5ee also l?ecorci of 
.8orel!o!e No. 8'2 -I. 

'-THOMPSON GEOTECHNICAL i Sheet / of I 



-· 
PIEZOMETRIC OBSERVATIONS 
(STANDPIPE PIEZOMETERS) 

STANDPIPE No: 82-18 

DEPTH PIEZOM. 
INSTALLATION DETAILS DATE TO S.W. ELEVATION NOTES 

(./f) ( lt. ) 

()ct. 4 /8? -

LOCATION: 81-1 g2-l Oct: 1?/ 8?. /Jrt..j 
5eclton A~A1 Old Pond ()ct. ;g; B?.. -

COORDINATES: 

REF. DRWGS: ;:iqares J~ne. 10/83 /Jrq 

tVtw: '? 1 I 93 -

TYPE/ MODEL: 5/otlect Tabe 

CONFIGURATION: 5/alld,t:Jtj:?e /Ltlij II I !4- .Oro/ 

INSTALLED: 5ept. /d'Z 

TOTAL LENGTH: l:;z. 3 I ./Lttij 6' /81 Ort; 5ouaded to 11: t.' 

COLLAR ELEV: ~57-'Z. 1-' 
I 

GENERAL NOTES 

v CondtldJns E/tcitcate stand-
ptpe ma(/ be !t:Jcafed wtllllit 
?one of parhallf! !Jatarafed 
1/ow. 5ee also .Record ol 
Borelro!e N(J. 8-1-/. 

THnMPSnN GEOTECHNICAL 
Sheet / of / 
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-· 
PIEZOMETRIC OBSERVATIONS 
(STANDPIPE PIEZOMETERS) STANDPIPE No: 82 -2A 

DEPTH PtEZOM. 
INSTALLATION DETAILS DATE TO S.W. ELEVATION NOTES 

(ft. ) ( lt.) 

tJct. 4/ Bt -
LOCATION: 8h' az ~z oct.;z;;z --- IYt.td at 35.{/ (E1.?5<18.q0 

5edtbn A~A1 Old Pond oct. ;g; gz -
COORDINATES: 

REF. DRWGS: /i(:JtVt'S Jt.tnt toj6'3 - II .. " II 

Nov. t4/83 -

TYPE/ MODEL: 5/olled 7a.be 
CONFIGURATION: !itandprpe Jcdq 11(84 - l11.1d at 35. 3' ( E!. ?5tf.3. G:J 

' 
INSTALLE:D: 5ep1. /8t 

TOTAL LENGTH: 86.1 1 Jt..tltj ?:/ 87- /Jrl:f 6'ounded to '3S. 11 

' . 
COLLAR ELEV: 'f51B. g I /5 OM.tl 'I ~. 

..; 

GENERAL NOTES 

I} coaddloas indtcate staadptp. 
ma!l be located wdlun z-one 
of paFit(l//tj /low. f'ee also 
Record ol Borehole No. gz -Z. 

i-.....'1"1-Jt"'J~AO<:'t"'J~I t::r::'t"'l'T"t='rf-11\1/r 111 
Sheet / of / 
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PIEZOMETRIC OBSERVATIONS -
(STANDPIPE PIEZOMETERS) 

STANDPIPE No: 82-28 

DEPTH PIEZOM. 
INSTALLATION DETAILS DATE TO S.W. ELEVATION NOTES 

(ft. ) (ft. ) 

oct. 41 8t -

LOCATION: 8/-18t-2 oct. ;t; 81.. Orq 
5ecll'o~t 4~4, Old Pond Oct.I'?J/8Z -

COORDINATES: 

REF. DRWGS: !i(:Jurts Jane!0/83 lJrt; 

llov. t't// 83 -
TYPE/ MODEL: 5/olled rube 

CONFIGURATION: 5/andpt}:Je /t.dlj II I 81 _.....,... Mua' at R4. 3' 

INSTALLED: Sept, /8!.. 

TOTAL LENGTH: 2C/. 6 I JtLif!G/87 Ort; .founded to 14.0/ 

COLLAR ELEV: !57-9. ;z! 1/5 a«Ay:!)J 14;. 

GENERAL NOTES 

t} t'onr!tftons ritdtcate slandj?t,Oe 
ma'l be locattd w/!lttil zone-
olparlti:I!It; 5a1Lircdtd 1/ow. 
5ee ako Record ol8orehole, 
l(o. 8?-Z. 

l THOMPSON GEOTECHNICAL 
Sheet / of / 
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-· PIEZOMETRIC OBSERVATIONS 
(STANDPIPE PIEZOMETERS) STANDPIPE No: 82-24A 

DEPTH PIEZOM. 
INSTALLATION DETAILS DATE TO S.W. ELEVATION NOTES 

( .f/. ) ( lt. ) 

/Jet. 4 I 8Z -
LOCATION: 8h' 8'2 -14 tJct. 11 Itt. Ort; ~t545. 3 . 

5eclton A-A1 Old f7oncl oct. ;g 1 ,;z 

COORDINATES! -

REF. DRWGS: fi(;ures JU/lt 't0/IJ3 O!'tj 

Nov. 14188 Ory 

TYPE/ MODEL: §lolled 1t.tbe.-

CONFIGURATION: 5/andptj:;& Jatq II/ 84 t8. 1- 1546.G 8t1l/om ttndtknetl 
' 

INSTALLED: act /8_'t-. 
TOTAL LENGTH: '?Jo.o' ~-- .. ./alq G/8iZ Orq Bolttlm at 1f!.Z 1

. 

COLLAR ELEV: ils'15. 8 I lb ~· ,, .~ . -' 

GENERAL NOTES 

' 

7"1-/r'l ~-~ DC:f"l /..I (:;F' ni'F' (' /-1 N f(;llf 
Sheet I ot I 
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-· 
PIEZOMETRIC OBSERVATIONS 
(STANDPIPE PIEZOMETERS) 

STANDPIPE No: 82-248 

DEPTH PIEZOM. 
INSTALLATION DETAILS DATE TO S.W. ELEVATION NOTES 

< If.> c If.> 

()ct. 4/ at 18.'3 t5G/.4 

LOCATION: 8H 8'2- Z4 !lei. IZ/8t 14.6 ?560· 8 
5ecttoa A~A, tJid Pond (Jet. 19/ 8Z -

COORDINATES: 

REF. ORWGS: /it:;tves Jttae Zo/83 1/.6 1563 . .,. 
v 

Alov. ~4/88 1?/.6 

TYPE/ MODEL: &lotted rabe-
coNFIGURATION: Ptuometer /tLiq II I fJ4 15.5 256/.& . 
INSTALLED: oci./8'Z. 
TOTAL LENGTH: ;:;.ol /ale; G/81 Dry 4.15GZ. I 5ound4d to 18. z 1 

COLLAR ELEV: t515. 31 16. ,;lui '} jr.,., 
'.!,1'. ~a lo 4"""' . 

(/ 

GENERAL NOTES 

~ {of! ar ele raft{)n ttub;~ct 
to clzange wdh stlllemertf 
o/ lcultn9s. 

L-THQMPSON GEOTECHNICAL 
Sheet / of / 



PIEZOMETRIC OBSERVATIONS 
(STANDPIPE PIEZOMETERS) 

INSTALLATION DETAILS DATE 

oct. 4/8t 

LOCATION: 8H 8'2. <? Oct. lt/8'2 
5ttclti:JI'Z 8·8, tJtd Potta oct. 19/ at 

COORDINATES: 

REF. ORWGS: Ftt:!ures ./al?e. 2'o /83 

!v'tJY. 14/83 

TYPE/ MODEL; f!olted 7Ztbe 

CONFIGURATION: f/attdt)t)?& Jttlq 1118¢ 

INSTALLED: 5e,ol. /$'2 

TOTAL LENGTH: 35.0/ JU/!f 6/117 

COLLAR ELEV: !51-/3./; I /5 lL-0(7. 

GENERAL NOTES 

l THOMPSON G£0T£CHN/CAL 

DEPTH 
TO S.W. 
( 1(.) 

0/'lj 

iJr'(l 

-

Orr; 
-

Or~ 

Orq 

' ..> \......-j;o"' I' \) "-'..kk - ~'-' IJ,..fT1 \J 

STANDPIPE No: 82- 3A 

PIEZOM. 
ELEVATION NOTES 

( ft. ) 

81ac.ted bt; 1ce. 

Souadect to 34. I~ 
tl.u-MK4-'.o1/ .) 

I 

Sheet I of / 

o-D· 
/~ - 4 

r 
f-" 



-
PIEZOMETRIC OBSERVATIONS 

82-41 (STANDPIPE PIEZOMETERS) 
STANDPIPE No: 

DEPTH PIEZOM. 
INSTALLATION DETAILS DATE TO S.W. ELEVATION NOTES 

(ft.) ( If.) 

(}ct. 4/BZ. '38.8 ?5;9. 2 

LOCATION: 8H 8'2-4- Oct, I?/8Z :38.8 
5ectton 8-IJ, Old Pond Oct. ;g I 8'!. -

COORDINATES: 

REF. DRWGS: At;ares Jarze. 20/83 38, 1- 1539.2. 
v 

1/(JV. '?4/83 '3'3.3 Z538.'f 

TYPE/ MODEL: 'i!tJited Tt..tbe 

CONFIGURATION: §landotoe Jalq II /84 39.4 Z6'3/3. G 
I I' 

INSTALLED: &ttLJf. /8Z 
' 

TOTAL LENGTH: 4!.5 1 Jt.lltj G/81- '3!3. :5 2539.5 Bolt om al 3 q, o ~ 
COLLAR ELEV: ?5fZ8, 0 I /5 G.<.M 9! :J~.(,. '2-'S 4/. 0 J. (). 1i .3 j, ~,., 

N!JJw IF .fft.. e:, #-

GENERAL NOTES 

L__ruriA.InC"I""'"' r-r:::I""''T1:::::rwJ..Itr.l\t 
Sheet / of / 



-
PIEZOMETRIC OBSERVATIONS 
(STANDPIPE PIEZOMETERS) STANDPIPE No: 82 -5A 

DEPTH PIEZOM. 
INSTALLATION DETAILS DATE TO S.W. ELEVATION NOTES 

<ft.> < lt. > 

1Jcl4 /BZ -
LOCATION: 8H 8Z ~5 Oct. 1'2/82 4-5,3 253Z.. 7 Leve'! riSI/7q 

5eclion 8-8, Old fbnd ad. Hi/6Z 3g.~ ?53.8.13 

COORDINATES: 

REF. DRWGS: Hi!;tLI"~S Jane i?o/63 :,g.z ?538.13 

Nov. 14/83 3'3. 7- ?5313. '3 

TYPE/ MODEL: &lolled 721/Je 

CONFIGURATION: 5taltdf)t'J)e Ill/.(/ II I 84 4CJ.O 15313.0 

INSTALLED: !Jet /8Z 

TOTAL LENGTH: 46.01 Jt.dq G/87 3g,; 2'5813.9 Bottom al 4!5. 5 1 

COLLAR ELEV: c5iJ!3, 0 I 15 Wit !.J/ s c,.-:._ 
o/ 

:J. s: 'I ( I :::;. ry, ~. t1 1/. r1 """ . i'A . 0 ·"f.,~ 

r "· or= J!t ·3 11 
~CL~ 

tA -r-.4 'JJ •. / ,L.~ Vv-D (l-
I 

GENERAL NOTES 

. 

- '7'"1-11"1 ~A 0 C'l"' ~I r.;:: 1"1 'T"t=" f"' 1-1 loollf"' !\I 
Sheet I of / 
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--
PIEZOMETRIC OBSERVATIONS 
(STANDPIPE PIEZOMETERS) 

STANDPIPE No: 82-58 

. 
DEPTH PIEZOM. 

INSTALLATION DETAILS DATE TO S.W. ELEVATION NOTES 
( lt. ) ( ft. ) 

oct. 4/8t -
LOCATION: 8H BZ-5 Oct. I? I 8Z Ort; Sounded to ?f.5' 

Sed/o17 .8-.8, !J!d Pond ()ct. 19/8?., -
COORDINATES: 

REF. DRWGS: fiilures Jttn e to/ 83 On; 

Nov. '!4/83 Ortj 

TYPE/ MODEL: 5/otled Tt.toe 
CONFIGURATION: Par/tat p,~z. Jt.t/tj II I 84 !lrlj 

INSTALLED: !Jd. I 8Z 

TOTAL LENGTH: t"Z • 6 I Jt..tlq G/87 OrtJ 1ot.tnded to ??.5 1 

COLLAR ELEV: ?5rB .1 1 

GENERAL NOTES 

f) to/tar elevczlt"OI7 5'ttb;£ct lo 
cltaaqe wt1h selllenuat 
tl/ l~t !ti'!t:J5. 

-· ·-· ·---~ ........................ -......... ··- ... ' Sheet / of / 
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PIEZOMETRIC OBSERVATIONS 
(STANDPIPE PIEZOMETERS) 

STANDPIPE No: 82-7 

DEPTH PIEZOM. 
INSTALLATION DETAILS DATE TO S.W. ELEVATION NOTES 

( ft.) ( lt. ) 

oct. 4 I && G"B,Z 2518. z 
LOCATION: Bfl 82-1- Oct. 12 I 8Z 58.?> 

5'eclton c~c I Otd Pond tJct. 191 sz -
COORDINATES: 

REF. DRWGS: Ri:lt.ires Juae to/83 58.1 251&. 3 
/V[)V. 14/83 5'8. 3 

TYPE/ MODEL: 5/oltett Tube 

CONFIGURATION: 5la!Zd.tJI;tJe Jtdl/ II I 81- - 8toci:td? 

INSTALLED: ()cl. /ae 
TOTAL LENGTH: 6"1.4 / ./t.!ltf! 6/87 58.1- t51:f.7 

COLLAR ELEV: 151G.41 16 etA· ~I '£1-.4 -:2$(9.0 15·/ /V1- .(, u. 06/'V\. 
'-::l.r 1:"'"1 ;; '/ 

" ' ~ T It 

GENERAL NOTES 

' 

L.- T'l-1/'HAOC'/'H/ r::r::'nTr::' r I .. Jto,l/r t'.l 
Sheet / of I 

- -·--· 
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-· 
PIEZOMETRIC OBSERVATIONS 
(STANDPIPE PIEZOMETERS) 

STANDPIPE No: 82-SA 

DEPTH PIEZOM. 
INSTALLATION DETAILS DATE TO S.W. ELEVATION NOTES 

< If. > ( ft. ) 

oct. 4 /8Z 5'5.4 2520.4 

LOCATION: 811 8?-8 oct. ;z 1 gz 5'5. z 
5eclron C·C 

1 
Old Pond Oct. 19/82 -

COORDINATES: 

REF. DRWGS: Rgttre5 /une Z'o/83 55'.1 Z7~0.1 

Nov. Z4/ 8'3 55.?.. 

TYPE/ MODEL: ;;otlect Tt.~be 

CONFIGURATION: 5/andP/oe ./ttl{/ /1/ 8tf. 55.'1 '25ZO.I 
I I , 

INSTALLED: tlct. /8'!. 

TOTAL LENGTH: C3.0 I ltd~ G'/13? 56./ t519. t-
COLLAR ELEV: ?575.8 1 /{:, ttuJ ~'·S 15 !9 .1.. I'J 25#1 W ~k,·S. 

u 7.--o · 2 o """ f:,...o;j... or Al[l. 

GENERAL NOTES 

l THOMPSON GEOTECHNICAL 
Sheet I of ) 



.. 
PIEZOMETRIC OBSERVATIONS 
(STANDPIPE PIEZOMETERS) STANDPIPE No: 82-88 

DEPTH PIEZOM. 
INSTALLATION DETAILS DATE TO S.W. ELEVATION NOTES 

<If.> ( lt. ) 

oct. 4/BZ -
LOCATION: BH 8?-8 Oct. It/ 8Z. Zl.5 1553.9 

5eclti?17 C"-c, Old Pond Oct. H1/ 82 '20.9 ?554.5 

COORDINATES; 

REF. ORWGS: Rgure5 Ja11e ?o/83 19.8 Z55S:G 

Nt?v. 11 I 88 20.0 

TYPE/ MODEL: 5/olled Tabe 

CONFIGURATION: 5tane/pf,oe Jv/q II /84 /Jr!f L/nconlirmeci 

INSTALLED: !)ct. I Bt 
TOTAL LENGTH: '5"2.6' I Jt.tls; 6/8l- - l.?amaqecl 

COLLAR ELEV: t515. 4 1 

GENERAL NOTES 

()foliar elevaltoa $ttbjtcl to 
dzan9e wtllr sell!emenl 
tJ/ fatftn95. 

_t,,.... .. _.,...._ ...... , _,_.,......-,-,....,....tltll_l'l, Sheet / of / 
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-· 
PIEZOMETRIC OBSERVATIONS 
(STANDPIPE PIEZOMETERS) 

STANDPIPE No: 82-9 

DEPTH PIEZOM. 
INSTALLATION DETAILS DATE TO S.W. ELEVATION NOTES 

< If. > ( lt. ) 

fJct, 4 /8?. Orr.; 

LOCATION: Bl/ 8'2 -g tlct. IZ /8t Ort; 
$ecl1on 0-0, Old Pond oct. ;g;gz -

. COORDINATES: 

REF. DRWGS: Rt;ares June to/ 83 Ort; 

NoY.14/83 -
TYPE/ MODEL: t5!olled rt.~oe-

CONFIGURATION: 'fandp;pe .lt./!tj 11/84 Ort; 

INSTALLED: oct. I Bt 
TOTAL LENGTH: :;o. o' Ju!LJ 6/&r '!g,5 - 8oltom at '29. 55 1 

COLLAR ELEV: 159t..f 1 
j ( ~--tf- 7/ ~ - /6 ·S /v'l..-- -1. vr . 0 · if~ 

. v 

G£N£RAL NOTES 

l THOMP~ON Gf'OT£CHNICAL 
Sheet / of / 
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.. 
PIEZOMETRIC OBSERVATIONS 
(STANDPIPE PIEZOMETERS) 

STANDPIPE No: 82-10 

DEPTH PIEZOM. 
INSTALLATION DETAILS DATE TO S.W. ELEVATION NOTES 

( ft.> c If.> 

Oct. 4 I 8'2. /)!'tj 

LOCATION: B/-1 8'2 -10 Oci.1Z/8Z Ot'tj 

6'ectrort !).0; Old Po11d oct. 19/az -
COORDINATES: 

REF. ORWGS: fiCJt./1'1?5 Jttn~ Zo/83 Ort.; 

Nov. '24/83 -

TYPE/ MODEL: §lolled Tttbe 

CONFIGURATION: 5'fand,otJ,Je Jall.j II /84 34.7- Z554.G . 
' 

INSTALLED: tlct. !B'Z 

TOTAL LENGTH: g 5'. fZ I Jt..tl(l G/g;z. :34.3 t555'. o 8ol!om at 34. 8 1 

?589,8 I II ~AJ+ 9 I 
~ . 

COLLAR ELEV: '/n1.'i Gf·O V\.... ! !A. O·.S-""' 
' ' 

GENERAL NOTES 

' 

TJ../tl~ACC::tlhl r:;FnTF'r':J../Nir':~/ 
Sheet I of I 
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. 
PIEZOMETRIC OBSERVATIONS 
(STANDPIPE PIEZOMETERS} 

STANDPIPE No: 81-1 

DEPTH PIEZOM. 
INSTALLATION DETAILS DATE TO S.W. ELEVATION NOTES 

<II.> <II.> 

4aq. !ole/ q,o ?394. :3 

LOCATION: BH 81-1 5ept. t/81 
5ecftbl1 A·ll 'A"LJam oct. 1o/ 81 

COORDINATES: 

REF. ORWGS: FtiJt.trR5 /t..dtj Z5/8Z tl.f3 23C33.5 

oct. 12/8t 9.6 
. 

TYPE/ MODEL: 5/olted Tube. Oct. t<J 1 8'2 /0.0 

CONFIGURATION: '!ffalldiJtj::)IJ. 

INSTALLED: /t.tl(/ /81 }t.L17R lit/83 6.4 1:J96. g 

TOTAL LENGTH: /4./J/ 6'ept. '3/8'3 41.0 

COLLAR ELEV: 2403.3 1 tVov.?4/$3 @.4 

.lt.l/1/ 1~/ 84 tJ.3 

GENERAL NOTES 
Mac; ?3/115 g,q '?3f34.4 

.!t.tlt; ;z I a 7- B. a 
lb Ciuq ~I :'f-.. 1!'} 13'7~./f 

;?1:::;:: ~ t) ' 3)::: 1· 3 
' (41 M o\t:3•'2f~ 13.4 ff. 

'--Tl-lr'JMPC:r'JN r;FOTFCI-I N /CAL 
Sheet I of I 
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-· 
PIEZOMETRIC OBSERVATIONS 
(STANDPIPE PIEZOMETERS) STANDPIPE No: 83 -I 

DEPTH PIEZOM. 
INSTALLATION DETAILS DATE TO S.W. ELEVATION NOTES 

( .ft. ) ( ft.> 

Alit;. ?g/83 14. g 13b'8./ 

LOCATION: 811 83-1 ;1/tJV. 16'/83 /5,4 
Lower '.4~" J/alle9' 

COORDINATES: Jtdq 14/84 15.tb Z3Gr. 4 

REF. DRWGS: Fli::Jt.tre s 

Jtdtj 6/87- 15.0 1'3G8.0 

TYPE/ MODEL: 5/olfed Tt~be 

CONFIGURATION: Gtandpt)7e . 
INSTALLED: .4tLtJ. I 8:3 

TOTAL LENGTH: 90. 0 :t' 

COLLAR ELEV: 2483.0 1 

GENERAL NOTES 

. 

TJ../t1MP<:::nl\l r:;FnTFC:HNICAL 
Sheet I of I 
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--
PIEZOMETRIC OBSERVATIONS 
(STANDPIPE PIEZOMETERS) STANDPIPE No: 83-2 

DEPTH PIEZOM. 
INSTALLATION DETAILS DATE TO S.W. ELEVATION NOTES 

<fl.> (ft.) 

Aag.19/83 1'36. z 1?64. z 
LOCATION: BH 8'3 -2 

fower /4" Yallet.j 

COORDINATES: 

REF. DRWGS: rti:lt.tres 
..r 

TYPE/ MODEL: 5/olled raoe 
CONFIGURATION: 5'fandpt;&:Jt!-

' 

INSTALLED: Aaq .; a a 
TOTAL LENGTH: 14'3. 5'" ..!" 

COLLAR ELEV: '?'890. 4 I 

G£N£RAL NOTES 

L-TI-IOMPSON GEOTECI-INICAL 
Sheet I of I 
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PIEZOMETRIC OBSERVATIONS 
(STANDPIPE PIEZOMETERS) STANDPIPE No: 79 -I 

DEPTH PIEZOM. 
INSTALLATION DETAILS DATE TO S.W. ELEVATION NOTES 

( If.) ( tt. ) 

Mar. t?/1'3 2403.2 

LOCATION: fJH 7qj-/ Jane 13/~9 Z403. I 

'8' Dam .;'"" 1~ I ;zq Z404. 8 Approxtinafe onl$f. 

COORDINATES: Sept. 14/79 Z405.G ,, 
II 

REF. DRWGS: Ftaures tJct. ?t-1 r& z3gg. 3 Pt.tmpli?CJ 
... ;}' 

TYPE/MODEL: 5/olfed Tube .la/q 2/ 8o Orq - Pt.t!77pti7g 

coNFIGURATioN: Standtni::Je. 

INSTALLED: Marcftl ?t!J 

TOTAL LENGTH: 5t?l? NOfe /) Oct. s/ &e. 6/. I 11403.9 

COLLAR ELEV: 
If 1/ tlcf. IZ/8Z. - -

Pet. t~V at - -

June to /t53 - -
GENERAL NOTES 

Gept. 4/83 - -
iJTube extended ctuniz9 dam Nov. !5/!>3 60.9 240/. I 

construct/on (;q;:-9/80) 
- ort?jti?Q/ !enqlh 35./' 
- Ort9ti7al elev. 24841.1

1 
JuiLJ 14/84 co.-; Z404. 3 

- extettded le~Zqth 6G.o 
1 Jul(! 1-I Sf- 6/.3 2403.~ 

/'b av_~ J; _? _; !Jo. mttA.Id _ 
-present elev. Z46S: o 1 . • 

./ 

t!)E!eva!t'oa.:.>;:Jrli:Jr lo tJct/8? 
are qtJpro~tir?ate oalf!· 

..,...t 1/"\l!..ln,....o""''A.I t"""CI""\ft::"'I"""LJA.IIr""' 1\, .. ·--· 
Sheet I of I 
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PIEZOMETRIC OBSERVATIONS 
(STANDPIPE PIEZOMETERS) STANDPIPE No: 79-2 

DEPTH PIEZOM. 
INSTALLATION DETAILS DATE TO S.W. ELEVATION NOTES 

<If. > ( ft,) 

Nar, 1'2 /1-9 Z40'Z. Z 

LOCATION: 811 7-9-2 June !3/1!1 240'8.0 

'8' Dam j" i.t; rr-I ;zg ~404. 5 Approxtinate On!(/ 

COORDINATES: flept 14/lg - BLocked 

REF. DRWGS: ;:/c;ure!i tJt!- 2 ;z I :;q - II 

TYPE/ MODEL: Slotted Tt.lbe Jt..dtj '2/80 Z'3CJ9. 5' Pumpti7q 

CONFIGURATION: S'faad 0/.0e 

INSTALLED: 1'4arc/z /r9 
TOTAL LENGTH: .1ee /VOfe 1) tJct, 5/8Z 11'2 It. :!40'3. z 
COL.LAR ELEV: II II oct 121 8Z - -

oct -zg;o:: - -

Jane ;:o /8:! - -
GENERAL NOTES 

!iept, 4/83 - -
t) Tube e.dended darti19 dam Nov, :!5/ 85 - - 8/tJci:eci a I 5 1 

d~pllt 

con5'1rvcl!on (1'31'3/80) 
-tJrttjl/?a! leaqth 49.0 1 

/tdtj 14/84 7/.'3 ;!403.5 

- ortijlitC21 t!leY: t¢38,0 I 

Jt.dtj 7-/ 6'J - -
- exteacied !el7tjfl7 86.4 1 

/6 ~ ~/ dah1J...JJ~ri. - preseal elev. 2415". 4 1 - -
' . 

tl') E!erolton!J·I'nor itJ tld:jfJ~ 
ar.e c2f?J?I"O.rtinaf.e Ot71f!. 

Tl-ln~ADC:::t'lAI r::FnTFr'J-./IVIr'ill 
Sheet / of / 
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-· 
PIEZOMETRIC OBSERVATIONS 
(STANDPIPE PIEZOMETERS) STANDPIPE No: 79-3 

DEPTH PIEZOM. 
INSTALLATION DETAILS DATE TO S.W. ELEVATION NOTES 

( ft. ) < If. > 

Mttr. tz !tq 2403.5 

LOCATION! 81-1 ;rg-:3 li.Vle ;:; I l-9 2403.5 

'8' Dam /t.l.ltj 1!/ 1-9 ?4048 Approxtinate 0/7/(/. 

COORDINATES: 5ept 14/7-9 2403.3 II II 

REF. DRWGS: fi (:1/.LI"& fi c;ct tt-/?.1 1401.0 Pt.Lnipt'nq 

TYPE/ MODEL: 5/0/ff!d 72.tbe /LII!.J 2/ JO 23q9,9 Pt.t171pt'nq 

coNFIGURATION: Stand ot'ot!-

INSTALLED: Morcft/19 
. TOTAL LENGTH: fef! ;1/tJff! 1) !Jet. 5' I 8t. 6Z. 1- t408 .'fJ 

COLLAR ELEV: ft If tJcl. If I ,sz - -
oct ?9/ 8t - -

Jane !o/ 83 - -
GENERAL NOTES 

5ept. 4188 - -

(} Tilbe extended dal'ti19 dam Nov.15'/88 6t,6 ?404./ 

coastrucl/on (!q;zq;go) 
- or/q/nal !enqlh 4G.51 Jtt!t; If /84 Gt.4 1404.3 
- Ortipnal eleY. ?334.0 ' 

Jalt.~ J It 1- - - I f. :CJ , Zl.i-Z tr1 
-ex leaded len9llr f9..£ 

~· 

,. t1Mj q {J9 z tlry<J. ::r- (IP!J· '3- to t.l-1) "H. 31f-
-pre sent elt.v. (!466.1- I ' b / 

,.. 
.5 .tJ{t- 9/ ~4/~/n;;t~ 

CM3- CJ!f 
<:::'"\, '-1- z 4o t./. b "' ~ ;;;.. 0 "-' 

' 
ti) e(eva/tOi!fljJI'Ior to (}c/j/Jt 

are tlf/jJ~"'OXImale on!:;. 

(Jii) c.a;.1.;,._.P: P• :.;..;. ( I ('! II 
"u~ ·-· ;:f' 

"* ,-; ""rl- '3/ ·c-~! ...=, '- . . ser 
··" -..) ' .,_..0-v c: 1_t+-bo. 

Tl-/nMt=Jc::n/\1 r;FnTF<.HN/C:J.L 
Sheet I of I 
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PIEZOMETRIC OBSERVATIONS 
(STANDPIPE PIEZOMETERS) 

STANDPIPE No: 82-11 

DEPTH PIEZOM. 
INSTALLATION DETAILS DATE TO S.W. ELEVATION NOTES 

(ft.) (ft. ) 

(}ct. 5 I 8'!. '36. ?- Z4't@. t-

LOCATION: BH 8'2-11 tJct. 12/ 8t. ?J:f. 0 t4rr!J.4 

5ecltbn 8 ~B 1 8 "oam ()c/. ttJ/ 8t 3t.f 

COORDINATES: 

REF. DRWGS: Ftip . .tre!i June .Zo/$j 3'1-.0 Z47g.4 

Sept. 4/83 -
TYPE/ MODEL: 5/otted Tube /1/cw: 15'/83 -
CONFIGURATION: &kt!7dpt;t?e 

INSTALLED: (}ct. /8'2. Julq 14/J¢ 39./ ?.47-7Z. 3 

TOTAL LENGTH: 40-0 1 

COLLAR Et.EV: ?5/G.¢ 1 Jtilt; r ;a:;.. Orlf ~ 5tJtLncted lo 89. z 1 

' )b au, '9! Dr 1.1 . <::2.-.f% 
v 

GENERAL NOTES 

-r,,...,,.J,..,,....n .. , r.cnT"t::'rUJrr..lti"'A' 
Sheet / of / 
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PIEZOMETRIC OBSERVATIONS 
(STANDPIPE PIEZOMETERS) 

STANDPIPE No: 82-12 

DEPTH PIEZOM. 
INSTALLATION DETAILS DATE TO S.W. ELEVATION NOTES 

< II.> ( lt.) 

Oct. 7 /8? '38/:J ?4G8.3 

LOCATION: 81-1 8'2- 1'2 Oct. IZ/tZ 33.6 14-;.3. 7 
5~C/t'olt 8·8

1 
'8"£Jqm (}ct. zq;sz ?3. t-

COORDINATES: 

REF. DRWGS: Higtff"£5 Jane 20/83 38.t1 t4f.3 . .3 

5ept. 4/83 -

TYPE/ MODEL: d!ottect Ttt.be NOY.?5/83 -
CONFIGURATION: !ltandt7tJ;le 

• 
INSTALLED: (}cl. /8Z Jtttt;/4 /84 Orq 

TOTAL LENGTH: 48,5 1 

COLLAR ELEV: ?50?-. 2 1 /ult; l-/81- On:; Soaaded to 4 Z. 1 1 

Jb ~ '9! 41· '3. 1.4(,5 ·2-
{ 

12·8 -f,...J.IA, . 
41·' 1--t 

GENERAL NOTES 

.,..LtnAAnr"n;.t ~!:"1"'\IC:rUI..tll"" 1\ I 
Sheet I of / 



-· 
PIEZOMETRIC OBSERVATIONS 
(STANDPIPE PIEZOMETERS) STANDPIPE No: 82-13 

DEPTH PIEZOM. 
INSTALLATION DETAILS DATE TO S.W. ELEVATION NOTES 

(ft. ) ( lt.) 

tlcl. 5 /8Z. -
LOCATION: 8H 82 ~!8 Oct. It/ 8t. . '32.1 ?465.1 

5edtoJt g.g 
1 
'B~Oam tJct, ?'318t 3'!.8 

COORDINATES: 

REF. ORWGS: hactr&s ./1.1/lt ttJ/83 3tJ.5 t466.7-

&ept.4/83 -
TYPE/ MODEL: 5/olled 721/Je /olov.?!i/83 -
CONFIGURATION: 5/al?dl'JiiJe. 

I I , 

INSTALLED: tJcl. 1 gz Jctltj 14/8¢ 39.'fJ ?¢51.3 

TOTAL LENGTH: 4f!, 0 I 

COLLAR ELEV: t4t:?r.Z' ,;t.tl~ 1 I g1- 39.1 ?t15g. I 

/f., au,. 9! 4o · 5 Z4s:t. .+- 12· 35 M.- /lvt ./. t1 ' 
v 

4t>·S ft 

GENERAL NOT£5 

lTHnMP<nM r.PnTPNJWr•l Sheet / of I 
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PIEZOMETRIC OBSERVATIONS 
(STANDPIPE PIEZOMETERS) 

STANDPIPE No: 82-14 

DEPTH PIEZOM. 
INSTALLATION DETAILS DATE TO S.W. ELEVATION NOTES 

( ft. ) ( ft: ) 

Oct. '5 /BZ ?4:; ?41Z.B 

LOCATION: 8H 8Z~/4 Oct. 12/8?. ?4.9 

5tclton c-c, '8 tJam (}ct. 1~/at ?5.Z 

COORDINATES: 

REF. DRWGS: hi:/ are-s /aat Zo /83 t4.:J ?4:;.?.6 

fle,oi. 4/83 -
TYPE/ MODEL: 5/oded Tt.l!;;e !VOV.15/83 -
CONFIGURATION: 5fanc/LJI/}e. 

' 
INSTALLED: {Jet. I 8t. ./VItj If' I 8-1 Z9.J "Z46'1:8 

TOTAL LENGTH: ~jZ, / 
1 

COLLAR ELEV: t4qr.5' Jtd(/ t/8:J ?5./ 2468.4 

lb ·~-" ~ ?I zs.J 2.4f:B·b 8·8rVJ ( J'. (). 64£, 
../ ~ 

GENERAL NOTES 

THOMPSON GEOTECHNICAL 
Sheet I of / 
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PIEZOMETRIC OBSERVATIONS 
(STANDPIPE PIEZOMETERS) STANDPIPE No: 82-15 

DEPTH PIEZOM. 
INSTALLATION DETAILS DATE TO S.W. ELEVATION NOTES 

c H.> ( lt. ) 

Ott. 5/&Z -

LOCATION: 8H 8'2~15 Oct IZ/8Z. 48.0 2405.0 
Secltoa. c#c 

1 
'8' oam Oct.t9/t!t -

COORDINATES: 

REF. DRWGS: ,C;tJures Jttnt ?0/83 48.0 Z405'.0 

Se,ot. 4/83 -
TYPE/ MODEL: S!CJtled Tabe. Nov. 15" /83 -
CONFIGURATION: 5/andptpe 

' ' Jl.llf! 14/84 INSTALLED: ac1. /8t 48.9 ?404.1 

TOTAL LENGTH: 5'?. G I 

COLLAR ELEV: 2453.0' Jalt; 1-I 81- ¢9.1 tl/03.5 

10 a.'-"?; t.f{, .7_ ZJI-tft;,. ::;-r 14.f ......, J.u c:;. I lh 
<I 

GENERAL NOTES 

l TI;OMP,ON GEOTECJ;NJCAL 
Sheet I of I 
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.. 
PIEZOMETRIC OBSERVATIONS 
(STANDPIPE PIEZOMETERS) 

STANDPIPE No: 82 -16A 

DEPTH PIEZOM. 
INSTALLATION DETAILS DATE TO S.W. ELEVATION NOTES 

(ft.) ( ft.) 

Oct. 5 /BZ -
LOCATION: 8H 8'2-IG ()cj; I?/8Z r;o, 1- 2457:1 

Crtsl ol '8/0am oct. t9/8Z Gl. I t456.; 

COORDINATES: 

REF. DRWGS: Rt{ures ./ur?e Zoj83 604- Z45?-1 

&t!pt: 4/83 GJ.O 

TYPE/ MODEL : 5/otl~d Tube Nov. t!i I BJ 64.4 

CONFIGURATION: Stanct.o1oe 

INSTALLED: Oct. J8i Jt.t!lj 14/84 64.9 ?45?,:J 

TOTAL LENGTH: 67Z.0 1 

COLLAR ELEV: '!5/~. 8 I ./tLitj 1/81- Ga.tfl ?453,t3 

/C, tluJ Cl) I . C)Cj.; 245'3 .If 18, I 1Y1 {. tf . '") 

v 

GENERAL NOTES 

lTHOMPSON GEOTECHNICAL 
Sheet / of / 
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PIEZOMETRIC OBSERVATIONS 
(STANDPIPE PIEZOMETERS) 

STANDPIPE No: 82-16 8 

DEPTH PIEZOM. 
INSTALLATION DETAILS DATE TO S.W. ELEVATION NOTES 

( l.f: ) ( lt.) 

oct 5/8& -
LOCATION: glf8Z-IG Ocl: 12/g-z [}!"lj 

cre&t of '.8~' .Oam Ott ?9/8Z 01"1/ 

COORDINATES: 

REF. DRWGS! hifare5 Jl.l/l(! 10/83 01't.J 

Sept. 4 I 83 Or?J 

TYPE/ MODEL: Slotted Tuoe Nov.15/8'3 Or~ 

CONFIGURATION: 5/and,oil)e. 
I I, 

)t.!lf114/8# INSTALLED: tJct. I flZ Ort; 

TOTAL LENGTH: 53.0 1 

COLLAR ELEV: ?5/;t, 5/ Julc; 1/8:f Ort~ 
" "__,_ 5ot.tnded to 5(!, 8 1 

Jb ... ,, ~~· ,-·. ..... / <;"') 1../-- z 4{, r; '/) lb /Y), s -:. 1.,1- fl-
"-~ 

GENERAL NOTES 

'-- T'le41"'l ~>fcc:nAI (;F'I""JTF'r'J-11\1 lr' AI 
Sheet I of / 
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-· PIEZOMETRIC OBSERVATIONS 
(STANDPIPE PIEZOMETERS) STANDPIPE No: 82-19 

DEPTH PIEZOM. 
INSTALLATION DeTAILS DATE TO S.W. ELEVATION NOTES 

c II.> C If. > 

tJcl. 5/8Z -
LOCATION: BH 8?-19 OCt. 12/Bt 24. f. Z48Z.g 

Gecld:;;a O-L) / '8 'Oam oct. ttJ/Bt .Z4. g 

COORDINATES: 

REF. DRWGS: Pf;ures /tt17& t0/83 '25-8 Z4Bt..a 

f?e~t. #/83 -
TYPE/ MODEL: 5/olfed Tabe Alor.15/83 -
CONFIGURATION: 5fa!7dPt% 

INSTALLED: tlct.j8Z ju(t; 14/<54 '24.8 Z411Z.B 

TOTAL LENGTH: 3'?.$ I 

COLLAR El.EV: ?5071. G' I Jt.tll/ jl /81- t4.8 Z4!3't.l3 

lb (k0 .. CJ/ tf,B "2. (£'5 S,z;, b· 's WI-
f,l 

GeNERAL NOTES 

. 

Tl-lr1MOC:r1AI r:;FnTFri-INJr:AL 
Sheet I of / 
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PIEZOMETRIC OBSERVATIONS 
(STANDPIPE PIEZOMETERS) STANDPIPE No: 82-20 

DEPTH PIEZOM. 
INSTALLATION DETAILS DATE TO S.W. ELEVATION NOTES 

<If. > ( 1/. ) 

oct. ?/gz -
LOCATION: 81-/ 6'2- f?O tlct 12/8t '3?.8 ?478-8 

Sedrorz o-o, 'JJ' oam ()ct; 'lq/82 '3t.8 

COORDINATES: 

REF. DRWGS: Rc;ares J~.tne .?o/83 az.g ?4'113.~ 

Sept. 4/83 -
TYPE/ MODEL: .5'/otlect lZ.tbe. Nov. ?6/83 -
CONFIGURATION: 5/al?dp/pe 

INSTALLED: #ct. /8Z ./1..1!{/ 14/84 '31.8 ?478.3 

TOTAL LENGTH: 4'3. 0/ 

COLLAR ELEV: 'Z5//.// Jt..tltj 1/87- 33./ Z49-8.0 

;'£:, a..uq 9/ 32·1' 2. 4:;. ';;. 0 '1-5 hi 
I 

GENERAL NOTES 

. 

lTHOMPSON GEOCECHNICAL 
Sheet / of J 
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PIEZOMETRIC OBSERVATIONS 
(STANDPIPE PIEZOMETERS) STANDPIPE No: 82-21 

DEPTH PIEZOM. 
INSTALLATION DETAILS DATE TO S.W. ELEVATION NOTES 

( fl. ) ( lt. ) 

!Jet. 5/BZ -
LOCATION: BH !3~-&1 ocl. J'Z/tJZ 41.1 Z45'l,t3 

1tcltoa o-JJ
1 

18 'a:zm oct ?9/az -
COORDINATES: 

REF. DRWGS: Flijures lttne ZOfS3 41.4 t45Z.5 

&epf-4/83 -

TYPE/ MODEL : G/olled Tt~/Je Nor. Z5/83 -
CONFIGURATION: Gtaadptpe 

INSTALLED: Oct, /8Z JrLI~ 14/84 41.4 '2!'45'2.5 

TOTAL LENGTH : 50.0 I 

COLLAR ELEV: ~.f-'33.'3' Jt.tlt; ;z /8r 4/, 'Z Z45?. 7-

Jb au: :'"\! 
~ .' 4-o, f :lc;.53.j /2.4$ M 

" 

GENERAL NOTES 

'- T"r..Jn~A cc;,r.hr r.r:::nrl=" r r..J "' rr Lit 
Sheet I of I 
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PIEZOMETRIC OBSERVATIONS 
(STANDPIPE PIEZOMETERS) 

STANDPIPE No: 82-23 

DEPTH PIEZOM. 
INSTALLATION DETAILS DATE TO S.W. ELEVATION NOTES 

( fl.) < II.> 

!Jet. 5/8Z -
BJ-.1 az~ zg •, 

Oct.l2/8'2 LOCATION: 24,2 ?4ql3, 'Z 
Sedti:Yl F~F 1 :!J~ /Jam !Jet: .zg;gz '24. 2 

COORDINATES: 

REF. DRWGS: Ftt::Jares Jt.Lae .?o;83 24.2 

5ept, 4/8'8 -

TYPE/ MODEL: _2/olled JZI.Oe Nov.15/J3 -
CONFIGURATION: 5ft21'ld.tJijle 

' 
INSTALLED: tJc/. I gz JttLfl 11-/84 'Z3.B t4tJ8.6 

TOTAL LENGTH: 4/,0 1 

COLLAR ELEV: 252'2.4 ~a!~ r/81 Z4,/ 2498.3 

1.& c:~.u, 9/ 1./. j Z5o ;. 1 6-S ~ .. 

GENERAL NOTES 

-11-Jr'l ~,1 oc:nM r:;;: nit:: r 1-1 1\llr.ilJ 
Sheet I of I 
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-PIEZOMETRIC OBSERVATIONS 
{STANDPIPE PIEZOMETERS) STANDPIPE No: 80- I 

DEPTH PIEZOM. 
INSTALLATION DETAILS DATE TO S.W. ELEVATION NOTES 

( ft. ) ( /t.) 

Jt.tlt; 8 I 80 ;o.z. Z40Z.O Ptvnptitq from cutoff ex c. 

LOCATION: 8H 80-/ II /O.Z 'Z401. .o ., 'I " " 
Lower '8/ Vallet; 1/aq. 5/80 !C/03. z 1Pam,o/17q wtltf t:f.s·diWtart:}c 

COORDINATES: 

REF. oRwGs: Ri:ltt./'es 4uqi0/81 2403.0 
~ 

TYPE/ MoDEL: OPM tastlltl (}ct. 5 18Z -
CONFIGURATION: 5/a!7di'JtlJe. tJct 1?/ 8Z 8./3 2403.4 

-~ - F • 

(}ct. ?9/ gz INSTALLED: Jultl /f}o -
TOTAL LENGTH: 5ee !Vote /) 

COLLAR ELEV: (I (/ Jt.tae ?o/t!3 -
sept. 4/d8 -
New. 15'/83 1/. I 2403. ;r. Castnq e.t/eaaed 

GENERAL NOTES 
)U/1,114/81/ 10.9 24-03. :J lerdpriar lodtscll. test 

t) Ca5tl79 exle!7ded til Nov./83 
-ongtaa! !engflt !5.01 Jtt/t; 7-/81 12.G 'Z4tlZ.? 

-ort9tiza! e(er . .?4/Z'. Z' 

~et!eaded !eaqth 18.-6
1 

-presenT elev. ?414. 8 I 

t'l) collar efeya/ionfi ba5ed 
Olt torleJI 5'ti.rY~!f, Jt.dt;/80. 

'-THOMPSON GEOTECHNICAL 
Sheet / of / 
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PIEZOMETRIC OBSERVATIONS 
(PNEUMATIC PIEZOMETERS) 

PIEZOMETER No: 80-3A 

FIELD ADJ. PIEZOM. 
INSTALLATION DETAILS DATE READING HEAD ELEVATION NOTES 

(j)Gi) ( lt.) <It) 

4aq. 14/80 !i.'!JS 1'!.31 ?48t.3 

LOCATION• 8H 80-3 1/tit;, ?qj 80 5'. !31 

5eckol7 /J-8, :4/ !Jam 5ept. II I I}O 5.5'0 

COORDINATES: Oct. 4 I 80 5.1-0 

REF. DRWGS! Ri;are5 ..Vov. 4/80 5". 55' 

TYPE/MODEL: P-100 Mar. 9/ 8! 3.45" ~.5b Z4'f6.6 

CONFIGURATION: P/e zom eler Att9. 10/81 '!.75 4.tf)5 ?4r1. g 

INSTALLED: Jt./lt; I BO Sept 'ZI/81 z.gs 5.41 t4?-5'. 4 

ZERO READING: N/A (0.6) oct. ?ojg; 'Z.?o 4.!33 '!414. !3 

TIP ELEVATION: ?5-;tO. 0 I 

Jt.t!(J ?fJI82. f. i-o t.!iO '247'2.6 

Ocl. !ti8Z z .Q? 

GENERAL NOTES 
()ct. ?CJ/!Z ?.6(} 

./ttne 11-/83 4..-to 8. '213 ?418. 3 

rJept B/83 4. 35 

f./CJV. 14/83 - Oamaqed 

./t.LIIj 14/84 3.50 G.Gt- t4?-6. f. 

#at; ?'3/85 - Oamaqed 

Jcllt; 1/ 87' - tJttmaqed 

~"T'"rlr"\Ailnr""""'AI r'"'c:::'"ri...,...C"'/""LJAIII'""I\/ 
Sheet I of / 
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PIEZOMETRIC OBSERVATIONS 
(PNEUMATIC PIEZOMETERS} 

PIEZOMETER No: 80 - 3 8 

FIELD ADJ. PIEZOM. 
INSTALLATION DETAILS DATE READING HEAD ELEVATION NOTES 

(j)$i) <fl.> <It) 

At.1q. 14/80 ?.05 3. 34 t48f3.3 

LOCATION: 81-1 80-3 4(./q. ?g/go /.81 

7ectloa 8·/1, 'A 10am &epl. 11(80 /.50 

COORDINATES: Oct 4/80 I 7-5 

REF. DRWGS: fit;ures #or. 4/80 ;.zo 

TYPE/MODEL: P-100 Mar. tJ/81 I. t5!.: 0 ,.,...., £rrakc Ru.wns.e 

CONFIGURATION: P/ezometer Atiq. 10/61 0.50 0 ,...... 

INSTALLED: Jatq /80 Bept. 'ZI /8/ 0.60 0 ........ 

ZERO READING: II/A (0.6) Oct I!O I Bl 0.45 0 A.J 

TIP ELEVATION: !¢/35.0 I 

Jti!tj 15"/82 0.60 0 """' 

Oct. IZ/ 8t. 0.50 

GENERAL NOTES 
Oet. ?9/8!. 0.60 

Juae lr/83 1./0 /./5 24136.0 

5tPt. 3/83 /.10 

Nov.14/83 - Oamaqed 

Jult;14/84 o.co {) ..,...__ 

#at; 15/85 o. :;.o o.t3 Z485. 'Z 

Julc; l /81- - tJama9ed 

-• ,...,. ... ....,......,. -. • • _,...._...,_,__, •• ••- Ill I ---·--
Sheet I of I 
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PIEZOMETRIC OBSERVATIONS 
(PNEUMATIC PIEZOMETERS) 

PIEZOMETER No: 80-3C 

FIELD ADJ. PIEZOM. 
INSTALLATION DETAILS DATE READING HEAD ELEVATION NOTES 

~i> <ft.) Clt.l 

Act!). 14/80 1·00 OJJ?. 24q5,g 

1.-0CATIONr 811 80-8 Auq. !q/80 0./8 

:ieclioa 8·8, )4"/}am Gept. II /80 o.te 

COORDINATES: oct. 4/ 8o ()./8 

REF. DRWGS: rtl:;ttres ti/OV. 41 80 -. 

TYPE/MODEL: P·IOO Nar. q/81 -
CONFIGURATION: P/e zom~ter .4-t.ig.IO/ Bl -

' 
INSTALLED: Jt.tlt; I 80 &epl tl/81 o.Go 0 "'--' 

ZERO READING: IV/A (0.6') ocl. to/81 -
' 

TIP ELEVATION: c495.0 I 

/tilt; Z5'/8Z o.co 0 ......... 

tJc/./t/8Z /. ()0 

GENERAL NOTES 
CJct. ?9/GZ. /./0 

June I ?L-/83 t.oo OJJZ ?495.0 

sept. :.?j83 ;.oo 
Nov. 'i'4'/tB3 -

Jtdl/ 14/84 o.&o 0.6g t595.G 

Na~;~ 13/85 1.00 o.g?. 1!495. ~ 

/t.tllj J/ l3 ;z. - Oamaqed 

lTHOMPSON GEOTECHNICAL 
Sheet I of I 
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PIEZOMETRIC OBSERVATIONS 
(PNEUMATIC PIEZOMETERS) 

PIEZOMETER No: 81- 2 

FIELD ADJ. PIEZOM. 
INSTALLATION DETAILS DATE READING HEAD ELEVATION NOTES 

cpsi> eft.> (ft.) 

Aat;. 10/81 ~.10 4.83 Z394.3 

1.-0CATIONt 81-1 81-Z Se!Jt. of! /81 '2.5'5 

5eclloa A'4, /4'0am Oct. to/BI 2.40 

COORDINATES: 

REF. ORWGS: hf;ltres )U/If 15/8!. t.Go 4.G t'894. I 

oct. ;z/tt. 2.70 

TYPE/MODEL: P-100 tJct. tt8/8e e.~o 

CONFIGURATION: P/ezometer 

INSTALLED: Jtdc; /81 June 17-/t!J 4.00 1.8'2. ?~9:;.. 3 

ZERO READING: Nfi/ (O.G') Gept. '3/83 z.q5" 

TIP ELEVATION: ?389. !i Nov. t4/83 e.so 

Jult; 14/84 e.t:3o 

GENERAL NOTES 
#at;13/85 3.1o 5.?-5 1~95". z 

Jtiftj 1/87- 3.00 

L...-'T"'LJ/""t.4.1r"'lC""I""'\I'\.I r.CI""''TL/"""LJA.flr' A f 
Sheet / of I 
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PIEZOMETRIC OBSERVATIONS 
(PNEUMATIC PIEZOMETERS) 

PIEZOMETER No: 81-3 

FIELD ADJ. PIEZOM. 
INSTALLATION DETAILS DATE READING HEAD ELEVATION NOTES 

<psi> <ltJ (ft.) 

At.t.{J, I0/81 0. 65" 0 rv 

L.OCATION• 8H 81-3 Sept. tl/111 0.7-0 

5ecltoll A-A 1 ~~ !Jt?m oct. eo/81 O.to 

COORDINATES: 

REF. DRWGS: ht?ares Jai!J It/ 8'!. 0.135 0 A-' 

Oct. It/ 8t. {),90 

TYPE I MODEL: P-100 oct. tq I 8t. o. 90 

CONFIGURATION: Ptezomeler 

INSTALLED: }t.llt; ;g; lane H/8t, f./0 5.45 t423. I 

ZERO READING: 111/.4 ((}. G) Stpt. 8/83 2. '30 

TIP ELEVATION: e41q. ;z.' Nov. '24/83 t.40 

/tiltj It// t¢ 'Z.50 

GENERAL NOTES 
Naq t3/J5 '2.80 5.06 Z4t4.8 

ltllt.; ; I 8;z t..35 

_, ·-· ...... ,...- .. , r""c:::"/""1..,...~./""'il.ll.lll""" 1\, 
Sheet / of / 
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PIEZOMETRIC OBSERVATIONS 
(PNEUMATIC PIEZOMETERS) 

PIEZOMETER No: 81-4 

FIELD ADJ. PIEZOM. 
INSTALLATION DETAILS DATE READING HEAD ELEVATION NOTES 

<P~Ii (/f.) <If.> 

41./q. 10/81 0. '30 0 1'\,/ 

LOCATION• · BH 81-4 sept. e; 181 0.40 

5.!cltbn A-A , A 'oam oct. to/ 8/ ().03 

COORDINATES: 

REF. ORWGs: Ftqures JLL!Lj 15/82 0.'30 0 ........... 

Oct. IZ/8Z 0.40 

TYPE/MODEL: P-100 octzq;gz 0.5'0 

CONFIGURATION: P/t!Z'omeler 

INSTALLED: /lt.tCI. /BI .Jttne I~ /83 '2.30 3.g; ~4Z'Z ,g 

ZERO READING: N/A (O.b') sept. 8/t3 3.to 
TIP ELEVATION: t4H1.0 Nov. '!4/83 -,.zo 

Jt.tltj 14/84 '3.50 

GENERAL NOTES 
!'tlt:!tf tE/85 ?J.45' 6'.56 Z4?5.6 

Juttj ~/8f. - OamcuJed 

l ~"~ "~~~" ~c~~o'< ,.,.~" Sheet I of I 
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PIEZOMETRIC OBSERVATIONS 
(PNEUMATIC PIEZOMETERS) 

PIEZOMETER No: 81- 5A 

FIELD ADJ. PIEZOM. 
INSTALLATION DETAILS DATE READING HEAD ELEVATION NOTES 

<p.d cft.J ( ffJ 

Auq. I0/81 0.45 0 ,...... 

l-OCATION: 13H 81-5 Sept tl/!31 0.60 

5tclton A41 !4'/Jam oct. 10/81 o.tJ5 

COORDINATES: 

REF. ORWGS: F;qares Jtti!J Z"5'/8t tJ.60 0 ;1'\J 

OCI.!t/8?. 0.100 

TYPE/MODEL: P-100 Oct. -zg / st: 0.50 

coNFIGURATioN: P/ezomeler 
INSTALLED: Aua. /t91 Jane 11/83 1./0 /./5 t43/. 3 

ZERO READING: N/A (0.6) fJept. 3/t83 (.00 

TIP ELEVATION: ?4ao. t 1 Nov. t'tf./8?1 1.00 

Ja!q II/IN 0.95 

G£N£RAL NOTES 
Mat; 13/85 /.40 /.84 Z43'Z .4 

Ju!t; 1 I 8t - /Jqmaqed 

L-T 1-/()M PC:n/\1 r:; F'nTFI'J-/N tr.A I 
Sheet / of / 
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PIEZOMETRIC OBSERVATIONS 
(PNEUMATIC PIEZOMETERS) 

PIEZOMETER No: 81-58 

FIELD ADJ. PIEZOM. 
INSTALLATION DETAILS DATE READING HEAD ELEVATION NOTES 

<psi> (ft.) (ft.) 

AtLq. !0/81 o. to 0 IV 

l-OCATION' !3H 81-5 5ept. t/8! 0. '30 

5edton A-A, 'A' /Jtt/71 oct. to/81 o.ot 
COORDINATES: 

REF. DRWGS: f/qures /1.1/tj t5 /8Z (}. 30 0 """' 
tJcl.!t/dt 0.35 

TYPE/MODEL: P~IOO oct. tq;gz 0.40 

CONFIGURATION: Ptezomder 

INSTALLED: Auq, It!/ /aae 11-/83 0,5'0 () "-" 

ZERO READING: llf4 (0.6) 5'ept. 8/8!> 0.-5"0 

TIP ELEVATION: ~450.2 NOV. 11/83 0.5'0 

)1.11(/ 1¢/84 (), 80 

GENERAL NOTES 
Nat; tg/t5 o.tJo 0 f\....>' 

Jtiltj 1/81- (},90 

Sheet I of / 
'-- T l-lnAA or:::nM r.r:nrr:r J..IMJr Lll 
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PIEZOMETRIC OBSERVATIONS 
(PNEUMATIC PIEZOMETERS) 

PIEZOMETER No: 81-6 

FIELD ADJ. PIEZOM. 
INSTALLATION DETAILS DATE READING HEAD ELEVATION NOTES 

<psi> (ft.) (ff) 

At1q. 10/!31 -
LOCATION• 81-1 81-G Gept ?1/131 o.co 

5eclloa A,A /4'oam Oct. t0/81 7 3o Froz.ett 

COORDINATES: 

REF. DRWGs: Fti:jtLI'tG Jtllt; ts/gz o. 6'0 0 ""-" 

(}ct. I'Z/ 8Z 0.60 

TYPE/MODEL: P·IOO Oct. t9/ Bt o.G"o 

CONFIGURATION: Ptezometer 

INSTALLED: 5'ttjJI. /81 Jtv1e R/85 0.66 0 A./ 

ZERO READING: 0.4lJ/O.G W &e>pt. 5/83 o. ::;o 

TIP ELEVATION: t46/3.8 1 N(.)JI. t4 /83 '1'30 rroce17 

Jtllt; 14/84 o.e5 

GENERAL NOTES 
Mat; !3/85' 0,85' 0 I'\...; 

Ja!t; 1/ 6i- O.b'O 

L........ ~u'""' ... .~ nC",., ,., ~r::I""'Tr::ruAnr,..., 1 
Sheet I of / 
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PIEZOMETRIC OBSERVATIONS 
(PNEUMATIC PIEZOMETERS) 

PIEZOMETER No: 81-7 

FIELD ADJ. PIEZOM. 
INSTALLATION DETAILS DATE READING HEAD ELEVATION NOTES 

Cpfit) CH-l (ft.) 

Attq. !0/81 -
LOCATION• !31-1 81- 1- &ept. '21 I g; 0.50 

j'ecltb.rr A-A, J1 1 
Oam Oct. t0/81 (), 04 

COORDINATES: . 

REF. DRWGS: R t:p~.re s Jt.dt.J 15'/ 8Z (),50 0 "'--' 

Ott. IZ/8Z (}.60 

TYPE/MODEL: P-100 Oct. tt:J/8t o. :ro 
CONFIGURATION: 5/cztz dp/'pe. 

INSTALLED: ~eat./81 Jane 11 I 88 /. '30 t!.O'f t41-4.4 

ZERO READING: 0:.8JJ /(). 4 w sept. 3/83 f.'35 

TIP ELEVATION; E't/ 1 e. 3 1 N't'Y. '?4/85 /.40 

Julc; lt//84 /.05' 

GENERAL NOTES 
Ma~ 13/85 f.oo /.3d Z413. :;t 

t) Borehole bac.thl!ed wtlh 
91'anular materd.z! Jait; 71 flf 0.110 
Pt-ezomdtr behaves as 
optn 6'/andptj?e. 

Sheet f of J 
'--TI-InMP<:;nN GEOTECHNICAL 
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PIEZOMETRIC OBSERVATIONS 
(PNEUMATIC PIEZOMETERS) 

PIEZOMETER No: 81- SA 

FIELD ADJ. PIEZOM. 
INSTALLATION DETAILS DATE READING HEAD ELEVATION NOTES 

l.j}fl) (ft.) <ft.> 

Atit;. 10/(31 -
LOCATION• 8h' 81-8 sept. '21/81 t.co 5'.!9 ?455. 3 

5ecltbll A·A , )1' Oam Oct. Z0/81 t.t5 4.4@ £454.5 

COORDINATES: 

REF. DRWGs: hila res Jtdtj 15/8Z f. w ?.'&0 1453.0 

oct ;z;az. /. 1'5' 

TYPE/MODEL: P-100 tJct.1'3/8Z t.;o z.oo '2454.6 

coNFIGURATioN: P/ezometer I 

INSTALLED: 5eJJI. /81 Jarze 17/83 ;.Go 2.5t:J '!45:t. G 

ZERO READING: 0.30 Sept. g/83 3.85' 

TIP ELEVATION: 1450.0 I Nov. ?4/ 8S 3.85' 

Jatt; 141 s¢ ~.05 

GENERAL NOTES 
Mttt; ?3/85 t.OO 3.'30 ?453.'~ 

Jt.tltj 1/87- 1.65' 3 ·Sf.p 1..'-1 S.3. b 

l T>J~MP<~" r.FnTFC,_,,_,,-,.' Sheet I of I 
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PIEZOMETRIC OBSERVATIONS 
(PNEUMATIC PIEZOMETERS) 

PIEZOMETER No: 81-88 

FIELD ADJ. PIEZOM. 
INSTALLATION DETAILS DATE READING HEAD ELEVATION NOTES 

((}'Sf) <lt.) (ft.) 

At.tq. 10/81 -

LOCATION• 8H 81-8 5ept. Zl/$1 0./0 

~edt on A-A, )4
1 Oam Oct. ?o/81 O.t5 

COORDINATES: 

REF. DRWGS: Rqwes Jute; 15/8t 0.10 0 "'--" 

Oct. 12/8Z o.go 

TYPE/MODEL: P-100 oct. ?t1/ 8Z 0.50 

CONFIGURATION: Pte zonutv 
INSTALLED: 5&/Jt. I 81 Jane 17-/83 /.60 z.qg Z483·0 

ZERO READING: o. 30 Gept 3/83 ?.00 

TIP ELEVATION: ?480, 0 1 Nov.?4/83 1.80 

JtLfLJ 11-/84 /.00 

G£N£RAL NOT£S 
Ha!.J13/85" 0.60 O.G9 'tt/80.1-

Jalq ;z.;st- 0 Oamaqtd _? 

'--ll-lr'l AA PC:: r'1 /1.1 r. Fr'l T F!:/-1/1.1/r': f1 I 
Sheet I of I 
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PIEZOMETRIC OBSERVATIONS 
(PNEUMATIC PIEZOMETERS) 

PIEZOMETER No: 81-SC 

FIELD ADJ. PIEZOM. 
INSTALLATION DETAILS DATE READING HEAD ELEVATION NOTES 

(pst) cit.> (ft.) 

Aat;.!0/81 -

LOCATION' 8J.I 81 - f3 &ept. '21 I 81 t/jO 

5ecll'on A~A, )9 
1 Oam oct. '!0/81 CJ.tJO 

COORDINATES: 

REF. DRWGS: Ftqu/'t!S /t.!ltj 1~/8Z f. 40 ?.53 Z4fJ'9.0 

!)ct. lt/8!!. /./0 

TYPE/MODEL: P-100 Oct. tt1/8Z I. 'ZO 

coNFIGURATioN: Pt'ezomeler 

INSTALLED: 5epf. /81 Jane 17/83 O.GO 0 1'\...; 

ZERO READING: tJ. 5' /} / (), ;. /11 Sept. 5/83 0.?5' 

TIP ELEVATION: 14g6.5 1 Nov.t4/63 0.7-S 

Jtdtj 14/84 0.55 

GENERAL NOTES 
Mat; 15/85 0.1-D 0 ""'-.J 

)tlt!j ;z;gf.. O.GO 

~......THOMPSON GEOTECHNICAL 
Sheet I of / 
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STREAMFLOW OBSERVATIONS STATION AI 

SPILLWAY No.6 

MEASURED 
STATION DATA DATE TIME FLOWS NOTES 

( ) <gpm> 

MaL} 4/85 g 5aowmelt 

LOCATION: 5e I'. Fti:u.~.re- Maq 5/85 11- ,, 
v 

COORDINATES: Matj 6/85 liM '2/ 'I 

Hac; b"/85 PM 16' 1- II (lE) 

METHoD oF oss: V- Notch Wier Htl!J '".f/8!i Zl 

SENSIVITY: !1tiwr Head Pond Hat! 8/85 B 

/1Cltj 9/85 It-

DRAINAGE AREA: /1aLJ I 0 I 85 0 End of mdt 

·SURFACE RUNOFF: 

•GROUNDWATER RUNOFF: 

~ !la;or 4t'1clt4rtJ.? 
occartd dttrlitt? nlqllz 
PI tlcu; t: · '1. Pe41:. fit>H 

GENERAL NOTES 
er;!i'mafect at J ooo oou. 
appro.dmaw~ · 
/o,;;dzaMe cause:ct 

j)5tq/t'on /nsta!ted for 1985' 
f?r; /at'tur& of ajs 
tee a:an:). 

snowrnLif study. 

~_THOMPSON GEOTECHNICAL 
Sheet / of / 
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STREAMFLOW OBSERVATIONS 
STATION A2 

SADDLE SPILLWAY 

MEASURED 

STATION DATA DATE TIME FLOWS NOTES 

( ) ( ) 

LOCATION: 5 ee f't'att re No 1/ows obserred· 

COORDINATES: Raaofl :rtored tit 

~' Ponct. 

METHOD oF ass: Rec/a.m:;ular Wtt'r 

SENSIVITY: 4-G ,4c: HeadPond 

DRAINAGE AREA: 

·SURFACE RUNOFF: 

•GROUNDWATER RUNOFF: 

GENERAL NOTES 

i) 5tat/on tnsfal!ed lor /98'5 
snowmelt s!«dy. 

'-THOMPSON GEOTECHNICAL 
Sheet { of { 
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STREAMFLOW OBSERVATIONS STATION A3 
COPPER LAKE 

MEASURED 

STATION DATA DATE TIME FLOWS NOTES 

( ) ugpm) 

11ar.; .6/83 1'20 Groundwater tJnilJ 

LOCATION: 5ee At:;Ltre. Sept. 19/8'3 52. If 

~ 

COORDINATES: Nov. 15/83 l'v50 I I 

METHoD oF oss: v ·Notch Wter Apr// l:fjt5 24 /ttcl. mli10I' saowm~lt 

SENSIVITY; 0.9. J/c J..lead Pond Apni!B/85 Zl ,, 

Apn! ltJj 85 ~4 ,, 

DRAINAGE AREA: Apr'// to/85 21 I( 

·SURFACE RUNOFF: Apr;! '21/85 24 II 

•GROUNDWATER RUNOFF: April ??/8G '20 

A,Prl 't ?3 /85 23 

Apr;! 11/J5 t3 

GENERAL NOTES 
Af!n/1~&5 ?h 

Aprd 16/85 !(a 

i) D/scharge compnstd of A;::rt! !1/&!i 13 

groundwater' oalq unless Aprd 18/85 25 

tJiherwtse- aoftd. Aprtt 19/85' Zb 
Aprt! 30/1£ !0 

Nat.;/ /85 Zh 
!1at.; Z/&5" 20 

Mat; 3/d5 Z8 
Mat; 4/15' ?8 
/VI a 1:1 5; '85' z& 
Hatj 6/85 - W1er 1/tJoded 

11at; 1-/85 -
tfalJ 8/85" -
ltcu; CJ/851- -

Sheer I ot Z 
-THOMPSON GEOTECHNICAL 
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STREAMFLOW OBSERVATIONS STATION A3 

COPPER LAKE 

MEASURED 
STATION DATA DATE TIME FLOWS NOTES 

( ) ( t)/)171) 

Mcu;I0/85" - Wter lloocted 

LOCATION: ( (onf'd) ttai.J II I 85"' - ,, 

COORDINATES: tYai:!IZ/8'S - II 

ilatJ ?3/85' 30 Groundwater c;111fj 

METHOD OF OBS: 

SENSIVITY: Jt.tt(/ G/8r /9 Grcuntlwater only 

DRAINAGE AREA: 

·SURFACE RUNOFF: 

·GROUNDWATER RUNOFF: 

GENERAL NOTES 

'-THOMPSON GEOTECHNICAL 
Sheet Z. ot Z-
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STREAMFLOW OBSERVATIONS STATION A4 

RIVER SPRINGS 

MEASURED 

STATION DATA DATE TIME FLOWS NOTES 

( ) <gpm> 

Aag. 7'3/83 t1tj Cornbtiled flow 

LOCATION! See Frqare- At.t.q. tCJj83 95 II 

COORDINATES: 5ept./gj83 g,r; II 

Nov. ?5/83 8G 'I 

METHoD oF ass: See Note t') 

SENSIVITY: fJt'reC/ dtscharqe Jtdtj 14/84 60 II 

DRAINAGE AREA: Aprt! ICJ/85" '24 ;::;ow obs: at wrtr 

·SURFACE RUNOFF: Apn! "20jt&S Z4 oa!t; - No dt5char9!_ 

·GROUNDWATER RUNOFF: Aprt{ ?1/85 tl !rom nor/kern 

API'Il12/8~ 2/ sdes-

Apn'113/85" rr ,, 

GENERAL NOTES 
;jp!'tl 14/85' tg lj 

Apnlt5j85 It- II 

t) 5pni79S emerge. from several A;:rt! 26/tS If ,, 

.11/es at toe of sit de- . North era Aprt'! t?jgs 11· " 
!lows clzaoneled tocommot1 A ,PI'/ ( 18/85 rt- ,, 
dratit - 5otLIIzern !low dtrecteci ,4pr/( ?qjgf) 17- " 
io CL-notdz wt'er. Record shows 

Apn'l. JtJ/85 
Ct?m/;t'rud (lola!) flow /rom. 

li- ,, 

.bollt ar~tZ5 . Ma'J I/ S£: jf:j II 

!1a?J t I 85' It II 

r.I)Dtscharqe compr/sed of' F 

9roundwater orzilj- !1aLj 3/ 8£" If- II 

t1aLJ4/8S If II 

f!a!J 6/85" rt-
,, 

11m; 8/8S 17- ,, 

1/Q,t.j lt'/85 If- II 

11ar.; ?3/85 11- /1tno/' !low l!'t:mncdlz 

Sheet I of 2. 
'-THOMPSON GEOTECHNICAL 
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STREAMFLOW OBSERVATIONS 
STATION A4 

RIVER SPRINGS 

MEASURED 

STATION DATA DATE TIME FLOWS NOTES 

( ) C 9pm> 

Ju!tjC/B-1- 50 Comblttect llow 

LOCATION: ({onftt) 

COORDINATES: 

METHOD OF OBS: 

SENSIVITY: 

DRAINAGE AREA: 

·SURFACE RUNOFF: 

·GROUNDWATER RUNOFF: 

GENERAL NOTES 

Sheet Z of Z. 
'-THOMPSON GEOTECHNICAL 
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STREAMFLOW OBSERVATIONS STATION 82 

82 SPRINGS 

MEASURED 
STATION DATA DATE TIME FLOWS NOTES 

( ) cgprm 

)tJ./.tj 13/84- ;:;. : ?Jo t{b 

LOCATION: See ftqure JLdtj 14/8¢ oq:3o 1-'1-

COORDINATES: 

ll,ord 18/85" 43 

METHOD OF OBS: V·Nofch Wler A;Jn! ;gjg!i 43 

SENSIVITY: /'1tiz01' /lt'tld f='oatf Aprtl to/85 4'3 
Aprt 'I Z 1/8!3 4r 

DRAINAGE AREA: Aprt /1? /85 47-

·SURFACE RUNOFF: A,t¥"11 ?5/85' 43 

·GROUNDWATER RUNOFF: Apn11#/$5 43 

J/,LJI'tl15/85 4'3 

l!;rtl16/85' 43 

GENERAL NOTES 
Aprt/11/86 43 

Aprt 116 I 86 43 

t) 5prm9s emerye from 5'evera! Aprt(?g/85 C/-3 

sdt5' near loe ol slope . ftow5 April ?Jo/85 43 
tonvety& to common flfrtam. 11at; 1/ 85' 43 

t10t£:c/zarqe comprt~ed of ttat; t/$5 4'8 

grouadwater onllj unless f/tltj 3/85' 43 
ollzerwt'se noted. t1tll/ 4/85" 47- Inc! nun or f!r10WI1lt4+-

11tlLJ 5/85 41 I! 

11 tt!f 6 I 85" 43 If 

HaLJ 1-/85 41 If 

!tat; B/85' 48 ,, 

HaLJ g/t35' 41 " 
11ac.;11/&5 51 GroLLndwaft?r 0111/f 

'--THOMPSON GEOTECHNICAL 
Sheet / ot Z 



vlf 

STREAMFLOW OBSERVATIONS STATION 83 

BEAVER POND 

MEASURED 
STATION DATA DATE TIME FLOWS NOTES 

( ) ( tjp/1/) 

Jcdt;!?/84 08:00 4/ 8aGe flow 

LOCATION: Gee fii:lt.~.re. JCLttj 18/&4 lt:OO ?;g Otscltarqe f(St 

COORDINATES: Jtdij 14/84 1/:80 45.5' II 

Jtd!J Hi/84 14:4-5 65 If 

METHOD oF ass: V ~Notch W!'er Jtdtj IG/<94 /0:15" 57 ,, 

SENSIVITY: o. '!!. A c lie ad Poad 

Aprt'l /8/85 30 8ase flow 

DRAINAGE AREA; Apnl 19/85 BO ,, 
·SURFACE RUNOFF: N/A Aprtl t0/8'5' 'Z'i- ,, 

·GROUNDWATER RUNOFF: NfA Apr/121 /8!i 30 'I 

Apnl12/8j 2'9 'I 

Apn '! t3/8G Zt ,, 

GENERAL NOT£5 
Apnl1l/85 2?- I/ 

AprJ/15/85 ?o 'I 

t) 5/aflo/7 ti7sfafltd for !tJ84 API'I/16/1!!6 '80 II 

dtsclzarqe te:;t. Apl'l! 11/85 '??0 II 

t~i?t5chal'qt; comj?nstd of Apn71.B/8S 33 I( 

g~outzctwater on!t; t.Utkss Aprt '! t'J/85 33 'I 

oflurw/se notect. lbta! rt.~.nollis April 3o/g5 '30 II 

tarqer thart ti1dtcated. ftaLJ 1 jg;;- ~ If 

t't£) tJala lor Jult; 1?-16/84/tas Hal/ 1/85' '30 If 

b~ea abbrevt'ated. fitlti recotris ftaq 3/85" '27-
include tip to -1 obst'rva.l!o/75 

I( 

1'1aLJI/85 30 per day. 5ee rt'cord of 
, 

l!a!J 5/c35 dt'sckarqe test for addltoaat 64 5nowmelr ~Rcu'rt 

delai'!s. /1tlij6/85" 55' :)nownutt-

!lat.; l-/ g:;- 6tJ 'I 

lfat;8/85' Gg " 
Sheet I of 2. 

'-THOMPSON GEOTECHNICAL 
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STREAMFLOW OBSERVATIONS STATION B3 

BEAVER POND 

MEASURED 
STATION DATA DATE TIME FLOWS NOTES 

( ) ( qp!Tl) 

f1at.; 9/85 1-4- 5'nowmt'/t 

LOCATION: ( Co~ttfi) /1atf 10/85 64 'I 

COORDINATES: HaiJ II/ 85'" - 1/ 

1'/Clij lt/85 55" II-

METHOD OF OBS: /tar; 14/85" 3'3 Grotutd wafer ol!! lJ 

SENSIVITY: 

DRAINAGE AREA: 

·SURFACE RUNOFF: 

·GROUNDWATER RUNOFF: 

GENERAL NOTES 

THOMPSON GEOTECHNICAL 
Sheet 2:. of :!.. 
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STREAMFLOW OBSERVATIONS STATION 84 

HIGHWAY WIER 

MEASURED 
STATION DATA DATE TIME FLOWS NOTES 

( ) ( qprrt> 

Aaq. G/80 Al1 32.0 

LOCATION! 5ee ;:ll:;ure Au.q.!3/8o PM ti.O 
-v 

COORDINATES: Aag. ;q /Bo P/1 29. '5 
Aaq.tojJo - - 'BJOam c/o5ed -

METHOD OF OBS: V -)(o/c/t Wti!r Att9. 'ZI/80 A/1 n.o Pumpnq nft.tti'eti 

SENSIVITY: 5et! N'Oft It) ./ftl.fJ. 1'f/8o A/1 /'3.0 Ofl. At.Jq.to { Zl 

Auq.?'Z/130 P11 1?.5' 

DRAINAGE AREA: Auq. 13/So AM 6.5 

·SURFACE RUNOFF: ,4t.tq.?3/80 P/1 s.o 
•GROUNDWATER RUNOFF: At~q.t1/8o A/1 g.s 

4aq.11/Bo PM I?.'S 

Aaq. 1'5/80 AM II. 0 

Auq, ?6/Bo 1/ 9.5 
GENERAL NOTES 

AtJ9.?9/8o ,, '2/.0 

t) §tatd.i/7 tasta/led d.urtittj 5e,.ot. 5/80 P/1 Zt.O 

com;trucltba of 15'1 !}am . Gepl. 1/Jo II 83.£7 l?cuit 

,t) !..lpstream area ti7c!LLcies 'iept. 5/80 ,, 38.0 Heavy rczt'rz 

$tl/en:zi porzci;; cvu:t extea5'cve Gept.lj!Jo ,, ?;6.0 

musJ:e9 · 6'ept. t?jgo ~ 2'3.5 

'Jept. 30/80 ,, 32,0 

)tdt; 18/81 gG.O 

JuLc; toj 8/ 34.0 

Jt.Ltt; Z4/81 31.5 

Jutr.; ?flj 8/ 31.5" 

JuL4 3!/8/ 4G,t) 

'-THOMPSON GEOTECHNICAL 
Sheet / of '5 
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STREAMFLOW OBSERVATIONS STATION 84 

HIGHWAY WIER 

MEASURED 

STATION DATA DATE TIME FLOWS NOTES 

( ) cqpm> 

Auq. G/81 46.5 li'l>ond at ?41-5.0 1 

LOCATION: ({onl'd) Aug. q I Bf 4/.0 

COORDINATES: Aaq.I0/81 3r. 5 
· .4uq -II/ 8/ 31.5 

METHOD OF OBS: .4ug.lt/8! -
SENSIVITY: At~(}. HJ/81 43.0 

/lt.19. 'lo/EI 43.0 

DRAINAGE AREA: At19 .1-2 I 81 4"3. 0 

·SURFACE RUNOFF: Auq. 17-/81 43.0 

·GROUNDWATER RUNOFF: At.tq.18/81 41.0 

Aaq.3o/81 4?-.0 '!/Poad at t4S5:0' 

Sept. II /81 P!-1 'i'!J.o II eaVCJ rat it. 

5ept. H/81 AM 53.0 Rtltl'l oa !6th 
GENERAL NOTES 

Gept.?t:}/81 55.0 Snow on t6ttt 

;) ()a/a lor April ?1-Ja,u: 21/!988 oct. M/81 5tJ.O [T?ond at t490,(J' 

maij be tiz error. (/zed., 
surver; 01t Aug. B0/83 iacit'cates A,U'I! 1?/83 Pi1 29.5 8qse #ow 
wter reference. f?'i1 mar; have Apr!'/ 16/83 !G:30 :36/.0 &11owmetr 
beea ap to 0.4'2 t'a low. 

AJJnt 21/83 to:oo -z.tt,o II 

Apr;( Z'l-/&3 10:3o 341.0 If 

Apt! t$/83 oa:oo 1.64.0 I( 

Af¥'tl18/83 /6:3o 3Zt.o 
,, 

f1t2tj Z/83 08:00 'ZZ?.O Grot.Uld wafer 

l'1atJ 2/33 IG:3o 't/2. 0 'I 

Hat; 3/83 08:co '!03.0 'I 

f'Ja!J 3/8 3 !G:5o t??,O 'I 

f1at;4/83 013:00 203,0 II 

Sheet f of 5" 
1..... THOMPSON GEOTECHNICAL 
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STREAMFLOW OBSERVATIONS -· STATION 84 

HIGHWAY WIER 

MEASURED 
STATION DATA DATE TIME FLOWS NOTES 

( ) < tJpnn 

I 
f1aij 5/83 08:00 tO?J.O Oisdzarge feGt 

il 
LOCATION: ((ontb') Hc:u;G/133 II 203.0 ,, 

COORDINATES: Hat;b/63 11-:00 ?At-.0 ,, 
11ac; 7/83 lt:oo 4t3t.O ., 

METHOD OF OBS: Hat.; 7/ 13'3 17-:00 cn.o ,, 

SENSIVITY: Hat;8(83 /2:00 Ct:l. o ,, 
Hatj0/.P3 1/ 5?5.0 ,, 

DRAINAGE AREA: Hat; 10/83 08: {)() 46/.0 ,, 

·SURFACE RUNOFF: 11at.j II /88 II 402.0 II 

·GROUNDWATER RUNOff; !tatj 11/83 II 341·0 I I 

Hat;tlf/83 /6.'30 Zr:J!>.o ,, 

J'/a~/3/83 08 :()0 1640 ,, 

Hatj/6/&3 I I 

GENERAL NOTES 
?08.0 ., 

l1at.j/8j83 " ;c;.o II 

?) Oat a lor Apr// ??- Jwu ?I /N83 Hat~tt/83 II /15.0 End ol' Tes-t 

ma:; be ti'Z error. See. aote Jcuut0/16 9o.o 
t?lt 5/teel t. Janetl/83 f}tJ. 0 

lt) Oata lor 11a:; 5-121 1983 aacl 4t.~g. 21/83 Cll.o 

July IZ-16/ 1984 has bat? At.~~J. 15/83 68.0 
aiJbrt!VIated. fidd rteordt ti7dtt4f Aaq. 30/83 613.0 
up to 4 ot?serl/alions f'er da71 . 
.!t!e records ol' dtsclza"'9e leGis 
lo/' add/tt'oaa! defat'ls. Jui(J 12/J'-1- ;g:;.S 48.0 Ot'scltar9e test· 

Ju!t; 13/8¢ f1-: 30 ~0.0 
,, 

Jtd9 14/84 oq:;!i 58.0 ,, 

Jtt!t;; l.:f/84 /8:00 5?.0 ,, 
Jcdc; 15/81- 10:4-S ;:r.o If 

Julc;/6. 84 1/:0D 64.0 ., 
Sheet 3 of 'i 
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STREAMFLOW OBSERVATIONS 
STATION 84 

HIGHWAY WIER 

MEASURED 
STATION DATA DATE TIME FLOWS NOTES 

( ) Cgj7111) 

ltaq II~~~ AH /Ot.O 

LOCATION: ( Conl{:i) fftUj 1'2/g; ., {}If. 0 

COORDINATES: !1aq 13/85 ,, 9G.O 

!1aq !'f/85 ,, 51.0 

METHOD OF OBS: I1Cl1J 1'1/85 •• ?/, 0 Ralt7 /!ittowM 1t7~1Z 

SENSIVITY: . 

lt.LftJ 7/87- 4.() 

DRAINAGE AREA: 

·SURFACE RUNOFF: 

•GROUNDWATER RUNOFF: 

GENERAL NOTES 

'-THOMPSON GEOTECHNICAL 
Sheet 5 of 5' 
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STREAMFLOW OBSERVATIONS STATION 85 -a 
RIVER SPRINGS- NORTH 

MEASURED 
STATION DATA DATE TIME FLOWS NOTES 

( ) < qpm> 

Auq. Bo/83 34 

LOCATION: · See ftqure. 

COORDINATES: /t..tlc; 14/84 15 

METHOD OF OSS: linzed Vo/t.Lme Aprt/15/85 g 

SENSIVITY: Otrect lJt5'c!tarc;e. Apr/! 16/$5 8 
4prt11t/85 !; 

DRAINAGE AREA: Aprt/19/85 8 

·SURFACE RUNOFF: Ap/13o/85 8 

·GROUNDWATER RUNOFF: ffatJ 1/135 13 

Nczq 1/85' 8 

11 at; 4 jtf5' 13 

GENERAL NOTES 
ftaLJ 6/85 8 

11at; 8/85"" g 

t) 0/sclzarge comprt-~ed ;;.~-,, !tat.; Jojt5' /0 

9rotuzdwateron7Zj-unt~ss flat.; 24!85 /b 

otherwt5e nolttl 

Juty 1-I 87- II 

Sheet I of / 
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STREAMFLOW OBSERVATIONS STATION 85- b 

RIVER SPRINGS- SOUTH 

MEASURED 

STATION DATA DATE TIME FLOWS NOTES 

( ) <qpm> 

4acr 3oj83 15 

LOCATION: (iee ft(lure ., 
Jt.t{Cj ltf/ 84 COORDINATES; E5t. I #tit or seepaqe wzll./ 

METHOD OF OBS: TtiJ?ed Yo/umC:. Apl'lll6j;g5 - 6'/aaizfed 

SENSIVITY: Oti"ecl O;sc/ta/'cte l'tat,tl/55 - II 

HatJI0/85' - , 

DRAINAGE AREA: !ftlt£11/&5 Efil. 8 let nulf 

·SURFACE RUNOFF: 

·GROUNDWATER RUNOFF: ./LLt!j t I 157- B't. I Hti7or suf'a9e on!~ 

GENERAL NOTES 

) !'lows emerqe /rom ~>en:ra/ 

dies. Otsclzarge compl'/sed ol 
groanciwakn onlt;. 

Sheet / of / 
'-THOMPSON GEOTECHNICAL 
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STREAMFLOW OBSERVATIONS STATION Cia 

COPPER CREEK 

MEASURED 
STATION DATA DATE TIME FLOWS NOTES 

( ) <qpm> 

/'fat; fi/85 0 See. bdow - * 
LOCATION: 5 e t Ft Clare Hatj G/85 I If 

COORDINATES: /1CUJ i-I gf) 0 It 

ltczc; 8/85 o. ,, 

METHoD oF oss: v · NtJich Wter l1atj q/85 3 ., 

SENSIVITY: l).fJAC /leczct Pond !fat; lo/85' 3 I I 

DRAINAGE AREA: Jt.t!r.; '1-/ g:; 0 

·SURFACE RUNOFF: 
~ Lt'fttl! orl'?o rtt:JW 

•GROUNDWATER RUNOFF: PbserYect- Rattolf 
$/ored t'rt u.pstrtam 
area.. 

GENERAL NOTES 

t) G'lakon ti7stalled lor !t385 
5'nt>wmetr slt~.a9 . 

Sheet / of I 
'-THOMPSON GEOTECHNICAL 
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STREAMFLOW OBSERVATIONS STATION C3 
CRATER LAKE 

MEASURED 
STATION DATA DATE TIME FLOWS NOTES 

( ) <gpm> 

June 14/83 5'(}.0 

LOCATION: Gee hi::lare Auq. 3D/83 59.0 
v 

COORDINATES: 

/atq 13/84 Z8.5 

METHOD OF OSS: 5ee /lote. /) 

See Aloft li) Aprd Zt-/85 
(JCj: 30 lo.o Base 1/ow SENSIVITY: I!: ~0 

Aprt ( 3(} I 66 1?-.5' 5notumelt 

DRAINAGE AREA : 1'/atj ( /85 ZOJ5 ,, 

·SURFACE RUNOFF: Haq t /85 r;.o •t 

·GROUNDWATER RUNOFF: Hat;B/8? 18.5 ,, 
ltat;4/85 04.0 'J 

f(Clfj 5/85' 115: () •• 

ftatJ£185 - Flows 2:. I?Oqpm 
GENERAL NOTES 

Hat;:J/85 - 1/ 

9fiow-.s to Hac; 5/85 meastu'eci 11at;6/85 tf}6,0 Snowmelt" 

09 limed volume. Flows !rom !1at;t3/85 /t85.0 ., 
11atj 8 to Jane I/ 85' measurect tlal.j lOftS 1%,0 ,, 
blj {/-AJt>lch 1'1/tk.r. tlatj II/ 85' qG.O I( 

ll) !LpdNam area 1nduct£s /'falj IZ/85 tOt,o ,, 
several ponds and t!!-Yiensl've, HtZLJ-13/85 90.0 Grouadwate.r 
muskeg. 

Ju/Je 1/85' ti.O 'J 

/tLI !I :;. 1 t t- 18. [)' II 

Sheet I of I 
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STREAMFLOW OBSERVATIONS STATION C4 
LOWER CRATER LAKE 

MEASURED 
STATION DATA DATE TIME FLOWS NOTES 

( ) ( qprrtJ 

I /LL!lf II /84- 1'5. 5 

LOCATION: qee Ft2uve Jt./.lf.j 14/84 u;.o 

COORDINATES: 

Half t/85' - G'ladatect: e-st. 150 

METHOD OF OBS: V-Notch wter 11af./ 8 I 85 - II I I '2'15 

SENSIVITY: t!titor !lead ?oad 11ay 9/85 t4B.O 

Hat;l0/85 '211.0 

DRAINAGE AREA: Halj l2/ !35" !51. 0 

·SURFACE RUNOFF: i1cu;t3J 85 ;g5'.0 

•GROUNDWATER RUNOFF: 

Ja!IJ 1-/81-- ?t-.0 8eq,vers % 
Jut lJ ?3/81- ?4.5 'I II 

G£N£RAL NOT£$ 

Sheet / ot / 
....__THOMPSON G£0T£CHNICAL 





ENERGY, MINES AND 
RESOURCES CANADA 

bb'- ~ :,s. ti.'·_ 

'5'363 6565 

0.-i-1 WJ h~~-; 
?~~: 6S~')· 

PAC GEOSCIENCE -~· SRK VCR 

ENERGIE, MINES ET 
RESSOURCES CANADA 

lill002 

GEOLOGICAL SURVEY Or CANADA COMMISSION GEOLOGIQUE DU CANADA 

SEISMIC HAZARD CALCULATION * CALCUL DE PERIL SEISMlQUE * 

REQUESTED BY/ DEMANDE PAR 

SITE 

Steffen Robertson & Kirsten; Chambers 

Whitehorse Copper Mine 

LOCATED AT/ SITUE AU 60.63 NORTH/NORD 135.05 WEST/OUEST 

PROBABILITY OF EXCEEDENCE 
PER ANNUM/ PROBABILITE DE 

DEPASSEMENT PAR ANNEE 

PROBABILITY OF EXCEEDENCE 
IN 50 YEARS/ PROBABILITE 

DE DEPASSEMENT EN 50 ANS 

1 
1 
I 
I 0.010 
1 
l 
l 
1 40 % 

0.005 

22 % 

\'-If>.." 
0.0021 

10 \ 

. \ t>-tP 
\' 

0. 001. 

5 % 

~· 
~~ 

·-----------------------------1------------------------------------------
PEAK HORIZONTAL GROUND 

ACCELERATION (G) 

ACCELERATION HORIZONTAL! 
MAXIMALE DU SOL (G) 

PEAK HORIZONTAL GROUND 
VtLOCITY (M/SEC) 

VITESSE HORIZONTAL! 
MAXIMALE DU SOL (M/SEC) 

* RE:I!'E:RE:NCES 

0.057 0.076 

0.119 0.157 

1. NEW PROBABILISTIC STRONG SEISMIC GROUND MOTION MAPS 

0.099 0.125 

0.215 0.265 

OF CANADA: A COMPILATION OF EARTHQUAKE SOURCE ZONES, METHODS AND RESULTS, 
P.W. BASHAM, D.H. WEICHERT, r,M, ANGLIN, AND M.J. BERRY 
EARTH PHYSICS BRANCH OPEN FILE NUMBER 82-33, OTTAWA, CANADA 19B2. 

ENGINEERING APPLICATIONS OF NEW PROBABILISTIC 
SEISMIC GROUND-MOTION MAPS OF CANADA. 
A.C. HEIDEBRECHT, P.W. BASHAM, J.H. RAINER, AND M.J. BERRY 
CANADIAN JOURNAL OF CIVIL ENGINEERING, VOL. 10, NO. 4, P. 670-680, 19B3. 

3. NEW PROBABILISTIC STRONG GROUND MOTION MAPS OF CANADA. 
P.W. BASHAM, D.H. WEICHERT, F.M. ANGLIN, AND M.J. BERRY, BULLETIN OF 
THE SEISMOLOGICAL SOCIETY OF AMERICA, VOL. 75, NO. 2, P. 563-595 1 1985. 

4~.SUPPLEMENT TO THE NATIONAL BUILDING CODE OF CANADA 1985, NRCC NO. 23179. 
CHAPTER 1: CLIMATIC INFORMATION FOR BUILDING DESIGN IN CANADA. 
CHAPTER 4: COMMENTARY J: Eri!'ECTS Or tARTHQUAKES. 
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'5'363 6565 PAC GEOSCIENCE ~-- SRK VCR 

( 2) 

Whitehorse Copper Mine 

ZONING FOR ABOVE SITE/ ZONAGE DU SITE CI-DESSUS 

** 1985 NBCC/CNBC: Za • 2; Zv • 4 

ACCELERATION ZONE/ ZONE D'ACCELERATION 
ZONAL ACCELERATION/ ACCELERATION ZONALE 

za "" 2 
a - 0.10 G 

** VELOCITY ZONE/ ZONE DE VITESSE zv = 4 
** ZONAL VELOCITY/ VITESSE ZONALE v .. 0.20 M/5 

1985 NBCC/CNBC 
SEISMIC ZONING MAPS/ CARTES DU ZONAGE SEISMIOUE 

PROBABILITY LEVEL; 10\ IN 50 YEARS 
NIVEAU DE PROBABILITE: 10% EN 50 ANNEES 

----------------------------------G OR M/S ZONE ZONAL VALUE/ 
VALEUR ZONAL!: 

----------------------------------
0.00 

0 0.00 
0.04 

1 0.05 
0.08 

2 0.10 
O.ll 

3 0.15 
0.16 

4 0.20 
0.23 

5 0.30 
0.32 

6* 0.40 

* ZONE 6~ NOMINAL VALUE/ VALEUR NOMINALE 0.40; 
SITE-SPECIFIC STUDIES SUGGESTED fOR IMPORTANT PROJECTS/ 

CTS 
liil003 

ETUDES COMPLEMENTAIRES SUGGEREES POUR DES PROJETS D'IMPORTANCE. 

** ror NBCC applications, when zv-0 and Za>O, the values of 
zv and v should be taken as l and 0.05, respectively. 
See NBCC 1985, Sentence 4.1.9.1 (4), 

Pour applications salon le CNBC, lorsq~e zv-0 et Za>O, les 
valeurs zv et v deviendraient l et 0.05, respectivement. 
Voir CNBC 1995, paragraphe 4.1.9.1 4). 

29-JUL-91 08:35:28 
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