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S U M M A R Y 

• The major waste materials involved in metal mining operations are tailings, waste rock, and over

burden. 

• Provincial statutes which may govern waste disposal are the Mines Regulation Act, Pollution Con¬

trol Act, Health Act, Forest Act, Land Act, and Water Act. 

• Federal legislation which may govern waste disposal are the Atomic Energy Control Act and the 

Fisheries Act. 

• Tailings dams are regulated by both the Ministry of Energy, Mines and Petroleum Resources and 

the Pollution Control Branch and approvals are required before proceeding with construction of any tailings 

impoundment. 

• The Ministry of Energy, Mines and Petroleum Resources has published Guidelines for the Design, 

Construction, Operation, and Abandonment of Tailings Impoundments. These guidelines were prepared 

for existing coal and metal mines and were not intended to regulate the disposal of radioactive materials. 

• When a tailings impoundment is being designed, the Chief Inspector has the power to request an 

engineering report [Mines Regulation Act, section 7(3)], signed by a professional engineer registered in the 

Province of British Columbia. 

• Control is maintained during the construction of a tailings impoundment by requiring the design 

consultant to be on site to ensure that the design requirements are being followed. 

• Monitoring of the tailings dam and an annual report on its stability is required. 

• Tailings structures must, after the cessation of mining operations, have a permanent spillway that 

wil l be able to withstand the 200-year flood and must be revegetated. 

• Control of effluents into the tailings impoundment and discharge from the impoundment is con

trolled by the Pollution Control Branch. 

• Tailings disposal systems presently used in British Columbia are: the board and batten system, under

water disposal, tailings dam construction, and underground disposal. 

• There have been several failures associated with tailings structures in British Columbia during the 

past decade. 

• The deposition of waste rock and overburden is largely under the jurisdiction of the Ministry of 

Energy, Mines and Petroleum Resources. 
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• Waste rock and overburden dumps are usually structurally stable in metal mines in British Columbia 

but legislation is in place to control the design, construction, operation, and abandonment of waste dumps in 

the same manner as tailings structures. 

• Effluent control from waste dumps is the responsibility of the Pollution Control Branch. 

• Waste dumps may be required to be designed to ensure that materials, which are either amenable to 

plant growth or result in accumulation of toxic substances in plant material, are buried. The most favourable 

growth medium may be required to be stockpiled and placed on the surface. 

• There are no operating uranium mines in British Columbia. 

• Within the Ministry of Energy, Mines and Petroleum Resources control of uranium mine wastes would 

be treated in a fashion similar to that applied to metal mines, using the latest technology and regulations for 

so doing. 

• Although there is no specialist in uranium waste disposal within the Ministry of Energy, Mines and 

Petroleum Resources, members of the Inspection and Engineering Division have gained some experience in 

methods of waste disposal through attending seminars and visiting several uranium mines. 
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I. INTRODUCT ION 

This portion of the Ministry's submission wil l describe the current legislative framework that governs 

disposal of wastes from a metal mine, the procedures which are currently followed to design, construct, 

and approve waste disposal systems for existing metal mines and some of the present methods used for 

waste disposal. It will also discuss the special case of uranium mining. 

Wastes generated from a mining operation are 'disposed' in a variety of fashions and for a number of 

reasons. They are often handled and stored so that they may be utilized commercially if economics 

alter. They are deposited where possible so that the surface can be reclaimed to a useful state. Wastes 

are also disposed of so that they are contained to minimize any discharge of toxic substances. 

The major waste materials involved in metal mining operations are: 

(1) Tailings 

(2) Waste rock (consolidated material) 

(a) no mineralization 

(b) low-grade mineralized rock, presently not ore 

(3) Overburden (unconsolidated material) 
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L E G I S L A T I V E BASE 

The following provincial and federal statutes may govern waste disposal in mining. 

2.1 Provincial Legislation 

Mines Regulation Ac t 

The Mines Regulation Act was reviewed in Phase II of the Ministry's submission. The Act gives 

wide powers to ensure that: 

(1) Recovery of the mineral resource is maximized [section 10(5)]. 

(2) The operation is safe [section 10(5)]. 

(3) The surface of the land is reclaimed [section 11(1)]. 

Pollution Control Act 

The Pollution Control Act governs discharges from a mine including: 

(1) effluents from a mill (including a tailings pond effluent); 

(2) effluent from a minesite; 

(3) air emissions; 

(4) garbage disposal. 

Health Ac t 

Section 5(a) of the Health Act states The Minister (of Health) shall take cognizance of the 

interests of health and life among the people.' 

The Act empowers the Lieutenant Governor in Council to make such regulations as he deems 

necessary for the prevention, treatment, mitigation, and suppression of disease including the 

control of radiation and the inspection, regulation, and control of commercial and industrial 

premises for the purposes of health protection provided in the Act. 

The Act also ensures that public water supplies meet all public health requirements. 



Forest Ac t 

Permits are required for the use and disposal of timber on Crown land. 

Licence to Cut — is required for major mining activities. 

Special Use Permit — is required if a mine road is to be built over a Forest Reserve. 

Land Ac t 

The Lands Department has jurisdiction over Crown land not included within the Forest Reserve 

and not included on a mineral property. The Lands Department may issue: 

Right of Way — for roads required to access a mineral property. 

Foreshore Lease — for use of shoreline areas. 

Water Ac t 

The Water Rights Branch is responsible for licencing the use of all surface water. 

Water Licence — is required for any water use, storage, or stream diversion. 

2.2 Federal Legislation 

The major federal statutes which may govern waste disposal are the Atomic Energy Control 

Act and the Fisheries Act. 

Atomic Energy Control Ac t 

The Atomic Energy Control Board makes regulations respecting uranium mining and milling. 

The Board also regulates the production, import, export, transportation, refining, possession, 

ownership, use, or sale of anything which may be used for the production, use, or application of 

atomic energy. 

Licencing Guide 31 (see Ministry's submission, Phase II, Appendix 4.1.5, p. 72) contains pro

visions which apply to waste management. 

Fisheries Ac t 

The Fisheries Act regulates the disposal of deleterious substances into any water containing fish. 
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III. TA I L INGS 

Tailings dams are regulated by both the Ministry of Energy, Mines and Petroleum Resources and the 

Pollution Control Branch and approvals are required before proceeding with construction of any 

tailings impoundment. The requirements of the Ministry of Energy, Mines and Petroleum Resources 

for tailings impoundments are outlined in the Guidelines for the Design, Construction, Operation, and 

Abandonment of Tailings Impoundments issued by the Chief Inspector of Mines on March 15, 1978 

(Appendix 3.1). These guidelines also incorporate some of the requirements of the Pollution Control 

Branch. These guidelines were prepared for existing coal and metal mines and were not intended to 

regulate the disposal of radioactive materials. Regulations govern structural safety of tailings impound

ments (Mines Regulation Act). The discharge of effluent flowing into the tailings impoundment as well 

as any discharges from the impoundment are controlled by the Pollution Control Permit (Pollution 

Control Act, section 5) and the environmental impact and revegetation of the tailings by the Mines 

Regulation Act (section 11). 

3.1 Safety of Tailings Impoundments 

The requirements specified in the Guidelines for the Design, Construction, Operation, and 

Abandonment of Tailings Impoundments are issued under the authority of the Mines Regulation 

Act [section 6(2c)]. 

Under these guidelines, issued by the authority of the Mines Regulation Act [section 7(3)], the 

Chief Inspector of Mines may require an engineering report, signed by a professional engineer 

registered in the province of British Columbia specializing in geotechnical engineering. An 

example of an engineering report that was prepared for an open pit mine is presented in part in 

Appendix 3.1.1. 

3.1.1 Design 

The engineering report must include detailed site investigations and must consider the 

following: topography, geology, construction materials, climate, hydrology, and seis-

micity. The design should include a stability analysis of the proposed structure. 

When the engineering report is received by the Chief Inspector of Mines, he arranges 

an on-site meeting with the company, their consultants, the District Inspector of Mines, 

a Ministry of Energy, Mines and Petroleum Resources' Engineer from Victoria, and in 

certain cases, the Pollution Control Branch. 

When the design is approved by the Chief Inspector of Mines, the approval with any 

terms and conditions is submitted to the company and a copy is forwarded to the Pol

lution Control Branch prior to the issuing of a Pollution Control Permit. 
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3.1.2 Construction 

Control is maintained during the construction of a tailings impoundment structure. The 

design consultant is required to be on site during construction and is responsible for 

ensuring that the design requirements are followed by the contractor. A copy of any 

report submitted to the mining company from the design consultant must be forwarded 

to the District Mine Inspector. 

If the mining company is continually raising the dam after the Starter Dam is completed, 

the company is normally required to submit monthly reports to the District Mine In

spector concerning the results of monitoring of seepage, phreatic line, and other require

ments to meet the design parameters. The District Inspector of Mines may, however, 

require reports on a less frequent basis. 

Because of the chance that snow and ice may be incorporated within the structure, 

construction during freezing weather is usually not permitted. 

3.1.3 Operation 

Control is maintained during the operation of the tailings impoundment. Monitoring of 

the tailings dam and an annual report on its stability is required. This report includes 

the following: 

Review of the stability — including vertical and horizontal movements. 

Seepage — including controlled and any other evident seepages which might indicate 

new leakage. 

Summary of the analysis of the water seepage as required by the Pollution Control 

Permit. 

Water balance is required for the year's operation. 

Summary of the phreatic levels in the dam cross-section and downstream foundation. 

Construction details including dam height and amount and type of material. 

Measured freeboard and projected freeboard available during the year with reference 

to the 200-year f lood. 

3.1.4 Post Operation 

Tailings structures must, after the cessation of mining operations, have a permanent spill

way that will be able to withstand the 200-year f lood and must be revegetated. A report 

outlining the proposed design must be submitted and approved. 
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3.2 Control of Effluent 

A permit is required by the Pollution Control Branch [Pollution Control Act, section (5)] for 

the discharge of effluents into the tailings impoundment and any discharge of effluents from the 

impoundment. Other agencies which are normally consulted in assessment of a permit applica

tion are the Fish and Wildlife Branch, Ministry of Agriculture, Ministry of Health, Water Rights 

Branch, and Environment Canada. 

3.3 Environmental Impact and Reclamation 

A permit authorizing surface work is required (section 11, Mines Regulation Act) for all mining 

operations. This permit is designed to ensure that a program of environmental protection and 

reclamation is undertaken in order to leave the land and watercourses in a condition 'satisfactory 

to the Minister.' The application for a permit is reviewed by an advisory committee on reclama

tion made up of members from government agencies including: Ministry of Forests, Ministry of 

Agriculture, Ministry of Lands, Parks and Housing (Lands Branch), Ministry of Environment 

(Water Rights Branch), and Ministry of Environment (Fish and Wildlife Branch). Section 11 of 

the Mines Regulation Act wil l be reviewed in detail in Phase VI of the Ministry's submission. 

3.4 Tailings Structures Presently in Use in British Columbia 

Until 1960, tailings impoundments in British Columbia were relatively small as most mines were 

underground and tonnages mined were low, compared to the large open pits of today. The 

tailings impoundments at Cominco's Sullivan mine at Kimberley and Princeton Tailings Ponds 

were the only large-scale structures. 

The tailings disposal systems presently used in British Columbia are: 

(1) Board and batten system; 

(2) Underwater disposal; 

(3) Tailings dam construction; 

(4) Underground disposal. 

The board and batten system has been one of the most common methods of tailings structure 

used. Examples of this system are Princeton, Salmo, and Craigmont. The boards and battens are 

constructed along a dyke as a framework for the tailings as the tailings pond is raised. 

The tailings are spiggoted around the perimeter of the pond with coarse material forming the 

dyke and the fines and water going to the centre of the pond. Past experience has shown that 

these ponds do not retain water and the tailings are 70 per cent to 80 per cent solids. 
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Another method of tailings disposal has been underwater, both fresh and salt water. This 

method has been used in the past and is currently being used at three mines in British Columbia. 

Disposal underwater has the advantage that no land surface is disturbed and oxidation of sul

phides is practically eliminated. Mines which have used or are using underwater tailings disposal 

are: 

Mine Location Status 

Britannia Howe Sound Closed 1972 

Texada Texada Island Closed 1977 

Western Buttle Lake Operating 

Jordan River Jordan River Closed 1975 

Brynnor Toquart Bay Closed 1968 

Wesfrob Queen Charlotte Islands Operating 

Coast Copper Benson Lake Closed 1972 

Island Copper Holberg Inlet Operating 

Kitsault Alice Arm Was operating — closed down; 
now re-opening 

Bluebell Kootenay Lake Closed 1972 
Yale Lead and Zinc Kootenay Lake Closed 

The discovery of large porphyry orebodies brought on the development of large open pit mines 

in British Columbia. The daily tonnage of open pit mines varies up to 50,000 tons which essen

tially means that up to 50,000 tons of tailings are produced. In relation to small underground 

mines, the 50,000 tons/day open pit mine might correspond to a yearly tonnage or even the life 

time tonnage of a small mine. The large daily tonnage necessitates the construction of tailings 

dams. These are desgned using four methods: upstream, centreline, downstream, and con

ventional dam construction. It should be pointed out that a majority of tailings ponds are closed 

circuit, which means that water in the tailings pond is reused. Seepage from a dam is contained 

and either pumped back to the pond or released. If released, the water must meet the require

ments of the Pollution Control Permit. Monitoring of seepage water is required on a basis 

determined by the Pollution Control Branch. 

Another method of tailings disposal is the underground disposal system which employs tailings 

for backfill for ground support in underground mining. The tailings are classified prior to place

ment underground. Classification is defined as a process of separating and removing fines (or 

slimes) from the coarser tailings fraction so that the tailings can be dewatered by percolation 

once they have been placed as backfil l. This process is used so that ground support is provided 

by the tailings while recovering pillars of ore. This method has been used at the Bluebell, Bra-

lorne, Northair, and Western mines. Slimes must still be disposed of in a satisfactory manner. 
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Tailings Failures 

There have been several failures associated with tailings structures in British Columbia during the 

past decade. These failures are described below in chronological order: 

Phoenix Copper Limited, September 12,1969 

The failure occurred at the Twin Creek Pond at Granby's Phoenix mine near Greenwood, British 

Columbia. The following excerpt taken from a report by Ripley, Klohn and Leonoff Inter

national Ltd. describes what happened. 

The dam performed satisfactorily for the first 2 1 /2 years. The rock-fill section of the 

embankments has been completed to its ful l height. The downstream slope of the 

embankment was end dumped and remains at the angle of repose of the material at 

a slope of approximately 1 to 1.4. This slope has shown no signs of instability. 

The foundation investigation for the dam revealed a layer of hard stiff clay below the 

recent alluvial deposits. However, on inspection the soils show no signs of heave or 

displacement. It is concluded that the foundation soils are adequate for the support 

of the dam. 

Operation of the dam consisted of placing the cycloned sand against the rockf i l l . 

A delta of slimes and whole tailings was maintained upstream of the sand to retain 

the reclaim pond water. 

During the spring runnoff in 1969, the reclaim pond rose to such an extent that it 

came in contact with the cycloned sand at one particular point. On September 12, 

1969, a pipehole developed at this point and a quantity of reclaim water passed 

through the rockfi l l . A description of the failure follows. Early in the morning, 

about 3:00 a.m., on September 12, 1969, the dam watchman heard trickling water 

as he was standing on the crest of the rockf i l l . By 7:00 a.m., the main f low of water 

occurred. By 11:00 a.m., the f low was reduced to about 800 gallons per minute as 

a result of emergency corrective measures enacted by Phoenix Mines. It was later 

estimated from high water marks downstream that the maximum f low was about 

48,000 gallons per minute. About 10 mill ion gallons were lost from the tailings 

dam. 

Endako Mines Limited, Apr i l 8,1971 

A piece of timber left in the South Dam of No. 2 Tailings Pond during fall construction caused 

a rupture of the dam. During a period of less than one hour, more than 100,000 gallons of 

tailings escaped but most of the spillage was caught by the safety dam. 



Pride of Emory Mine, Giant Mascot Mines Ltd., August 30,1971 

An overlow water culvert separated and permitted an escape of tailings which washed out a road 

and ran down into a creek. 

Lornex Mining Corporation Ltd., November 18,1973 

A small spill of tailings occurred from an emergency spill pond. The spill was attributed to 

drainage seepage reopening an inadequately blocked culvert used during the construction of the 

impoundment. 

Consolidated Churchill Copper Corporation Ltd., June 28,1975 

During flood conditions, a creek overflowed its banks and entered the No. 1 Tailings Impound

ment Area located adjacent to the Racing River. The errant creek breached the rock-fil l dyke in 

three places and entered the Racing River, taking with it undetermined quantities of tailings. 

Two or three days elapsed before the f lood conditions subsided and a crew was able to return 

the creek to its original channel. 

Brenda Mines Ltd., April 19-20,1976 

A small leakage of tailings water (3,000 gallons) occurred from the safety dam during spring 

runoff. 
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IV. WASTE ROCK AND OVERBURDEN 

The deposition of waste rock and overburden is largely under the jurisdiction of the Ministry of 

Energy, Mines and Petroleum Resources through the Mines Regulation Act. The Act is concerned with 

safety and approval of mining systems (section 10) which includes studies to determine if ore is to be 

covered and rendered unminable by the dumps, and through environmental protection and reclamation 

of the surface of the land (section 11). As with tailings structures, legislation which may also apply 

includes the Pollution Control Act, Health Act, Forest Act, Land Act, Water Act, Atomic Energy 

Control Act, and Fisheries Act. 

4.1 Safety 

Waste rock and overburden dumps are usually structurally stable in metal mines in 

British Columbia. However, the legislation is in place to control the design, construction, opera

tion and abandonment of waste dumps in the same manner as tailings structures. In several 

instances engineering reports have been required under section 7(3) of the Mines Regulation Act, 

and stability monitoring during waste dumping has taken place. 

4.2 Control of Effluent 

Effluent control is the responsibility of the Pollution Control Branch. Most mines have installed 

perimeter drainage ditches to divert surface water from the mining area. Mine drainage is nor

mally monitored by the company and/or the Pollution Control Branch. Remedial action has 

been required in several instances when levels exceeding the acceptable limits of certain elements 

were detected in drainage water. 

To reduce the possiblity that drainage problems wil l arise, low grade or marginal ore (which is 

often milled during the final stage of a mine's operation) is stockpiled separately from the 

main waste dump areas so that drainage may be isolated or confined within a tailings catch

ment area. Also, during the initial application for mine development, the Ministry of Energy, 

Mines and Petroleum Resources requires that tests be done to evaluate the potential of ore and 

waste rock to generate acid mine drainage. 

4.3 Environmental Impact and Reclamation 

Design and construction of dumps to minimize the environmental impact and enhance the 

potential for reclamation is the responsibility of the Ministry of Energy, Mines and Petroleum 

Resources. 
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Waste dumps may be required to be designed to ensure that: 

(1) Materials which are not amenable to plant growth wil l be buried. 

(2) Materials supporting plant growth which result in accumulation of toxic substances in 

plant material are buried. 

(3) The most favourable growth medium is saved to be placed on the surface. In metal mines 

this is often glacial ti l l overburden. 

Input of other agencies occurs through the advisory committee on reclamation. A detailed 

description of this process will be discussed in the Ministry's submission to Phase VI. 
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WASTE DISPOSAL IN URANIUM MINING 

There are no operating uranium mines in British Columbia; consequently, the Ministry of Energy, 

Mines and Petroleum Resources has never had to regulate disposal of radioactive wastes. Within the 

Ministry of Energy, Mines and Petroleum Resources control of uranium mine wastes would be treated 

in a fashion similar to that applied to metal mines, using the latest technology and regulations for so 

doing. 

Legislation Governing Uranium Waste Disposal 

The Mines Regulation Act applies to uranium mining. The procedures previously outlined in 

this submission, that the Ministry of Energy, Mines and Petroleum Resources have used in 

controlling the disposal of tailings, waste rock, and overburden in metal mines would apply to 

wastes generated from uranium mining. Additional regulations wil l be required to protect the 

health and safety of the workers, the public, and the environment from the effects of radio

nuclides. 

Experience in Uranium Waste Disposal 

Waste disposal systems will be required to meet provincial legislation and the requirements of the 

Atomic Energy Control Board on a site-specific basis. This treatment wil l require that expertise 

be available within the Inspection and Engineering Division to form an overall judgment on the 

safety of the system. Currently, there is no specialist in uranium waste disposal within the 

Ministry of Energy, Mines and Petroleum Resources but a specialist in geotechnical engineering 

is being sought. The Inspection and Engineering Division has, however, the power to require 

a consultant's report and has the ability to obtain professional advice from experts outside the 

Ministry. 

Although there is no specialist, members of the Inspection and Engineering Division have gained 

some experience in methods of waste disposal through attending seminars and visiting several 

uranium mines as follows: 

The Uranium Mil l Tailings Management Symposium was attended by J . D. McDonald in Fort 

Collins, Colorado, on November 20 and 21, 1978. While in Colorado, Mr. McDonald also visited 

the Technical Support Center (MESA) in Denver and obtained from them information on 

methods of measurement of radon and radioactivity. Four members of the Inspection and 

Engineering Division attended the National Conference on Nuclear Issues in the Canadian Energy 

Context in Vancouver on March 7, 8, and 9, 1979. 



The Seminar on Uranium Mining and the Environment was attended by four Inspectors in 

Vancouver on Apr i l 11, 1979. At this seminar, Mr. J . D. McDonald presented a paper on the 

Role of the Uranium Steering Committee (see commission document accession number 285A). 

The Third Annual Uranium Seminar was attended in Casper, Wyoming, on September 9, 10, and 

11, 1979, by Mr. David Smith. One of the subjects in this seminar pertained to in situ mining of 

uranium. 

A visit was made to the Eldorado underground uranium mine, near Radium City, Saskatchewan, 

by Messrs. W. C. Robinson, J . D. McDonald, and S. Elias, on June 4 and 5, 1979. On June 6 and 

7, 1979, a visit was made by the same group to the surface uranium mining operation of Gulf 

Minerals at Rabbit Lake, Saskatchewan. Both these visits were made in company with Dr. 

Gordon Atherley, Director of Occupational Health and Safety for Saskatchewan. A visit was 

made by Mr. Robinson to the Whiteshell Nuclear Research Establishment at Pinawa, Manitoba, 

on September 12, 1979. Talks during this visit included a discussion on disposal of nuclear 

waste. On September 17 and 18, 1979, a visit to two uranium mines in Washington State, the 

Sherwood and Midnite mines, was made by Messrs. Robinson, Richardson, McDonald, and 

Elias. 

Staff, therefore, are aware of the potential problems and many of the current solutions em

ployed in disposal of wastes from uranium mining. 
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APPENDIX 3.1 

P r o v i n c e o f B r i t i s h C o l u m b i a 

M i n i s t r y o f M i n e s a n d P e t r o l e u m R e s o u r c e s 

GUIDELINES 

FOR THE DESIGN, CONSTRUCTION, OPERATION, AND ABANDONMENT 

OF TAILINGS IMPOUNDMENTS 

Tailings impoundments involve two important aspects of public concern and the additional concern of the 

safety of the workers. Structural stability of dams and impoundments is essential because, if failure occurs, 

large volumes of water and/or semi-fluid tailings would be released causing a serious threat to life and 

property and accompanying pollution problem. The other aspect of concern is the possibility of pollution 

during the operational and post-operational periods due to controlled discharges (by overflowing or 

decanting) and seepage downstream of the tailings dam. 

In the Province of British Columbia there are two Ministries whose approvals are required before proceeding 

with construction of any tailings dam or tailings impoundment. 

A. M IN I STRY OF MINES A N D P E T R O L E U M R E S O U R C E S 

Under the authority of section 7 (3) of the Mines Regulation Act or section 6 (3) of the Coal Mines 

Regulation Act, the Chief Inspector of Mines shall require an engineering report, signed by a 

professional engineer registered in the Province of British Columbia specializing in geotechnical 

engineering. The Chief Inspector of Mines may waive certain requirements for small mining 

operations. 

B. M IN I STRY OF THE E N V I R O N M E N T - P O L L U T I O N C O N T R O L B R A N C H 

A permit is required by the Pollution Control Branch for the discharge of effluents to the tailings 

impoundment and any discharge of effluents from the impoundment. Other agencies which are 
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consulted in assessment of a permit application are Ministry of Recreation and Conservation, Ministry 

of Agriculture, Ministry of Health, Water Rights Branch, and Environment Canada. 

PROCEDURE 

1 SITE INVESTIGATIONS 

Preliminary investigations can be done by the company where in-house engineering is available. 

1.1 Topography of area 

1.2 Geological and subsurface covering 

(a) Superficial geology and subsoil investigations 

(b) General geology — rock types, fracturing, faulting, permeability 

(c) Evidence of previous mudslides, rockslides 

(d) Assessment of the downstream area which might be affected by any dam failure 

1.3 Availability of materials for dam construction — soil — gravels — waste rock — cycloned tailings 

1.4 Climate data 

1.5 Hydrology — evaluation of catchment area, total precipitation, rate of runoff, stream flows, 

evaporation, evidence of springs and artesian conditions 

1.6 Seismicity 

2 DESIGN ANALYSIS 

An analysis of the integrity of the proposed design. The information should include: 

2.1 Results of geological studies and site investigations including logs of drill holes, field permeability 

tests, and groundwater levels 

2.2 Results of soil tests on foundation and abutment materials including shear strength and consolidation 

test data 

2.3 Description of the engineering properties of the materials to be used for the construction of the dams 

2.4 Type of construction 

Upstream Construction — using tailings 

Centreline Construction — using tailings 

Downstream Construction — using tailings or borrow material 

Conventional Dam Consturction — using open-pit waste or borrow material 

23 

2 



Tailings dams are usually constructed in two phases with Phase I being the Starter Dam which is 

normally carried out in the same manner as conventional dams and is usually done by a contractor. 

Phase II is the continual raising of the dam which is normally carried out by the mining operator. 

Design must take into account the proposed ultimate height of the dam. 

2.5 Hydrology — design must take into consideration the hydrology of foundation area and the upstream 

and downstream areas. This should include surface and subsurface water conditions, diversion of 

water courses, drainage and runoff f rom the upstream basin, erosion control. Design should allow for 

a maximum of a 200-year f lood runoff from the upstream basin — water balance to include 

operational water, recycle water, runoff water, mine water (if applicable), evaporation, seepage, and 

water entrained in solids. Decant systems using decant towers and pipes through the dam should not 

be used in major structures. 

2.6 Seismicity — design should take into account the seismic activity in the area and the safety factor 

should be indicated. 

2.7 Drainage Features — the design must indicate adequate drainage features to control the location of 

the phreatic line within the structure and uplift pressures in the foundation soils downstream of the 

dam. 

2.8 Instrumentation — sufficient instrumentation must be used to determine settlement, pore pressure, 

seepage, phreatic line. Downstream monitoring of surface and subsurface waters is required to 

determine changes from the base line data. 

2.9 Seepage Control — The impoundment design should ensure that seepage through and under the dam 

is minimized to prevent receiving water contamination downstream, unless the impoundment is 

deliberately constructed as an infiltration basis (the Pollution Control Branch should be consulted in 

this case). 

3 CONSTRUCTION CONTROL 

3.1 Construction Specifications — rate of Construction-Scheduling is to be drawn up and copies issued to 

the Chief Inspector of Mines, and the District Inspector and Resident Engineer. 

3.2 Design Control — the design consultant is required to be on site during construction and shall be 

responsible to ensure that the design requirements are followed by the contractor. Copy of reports 

submitted to the mining company shall be forwarded to the District Mine Inspector. 

3.3 Construction Phase II — when the mining company is continually raising the dam after Phase I Starter 

Dam is completed, the company is required to submit monthly reports to the District Mine Inspector 

concerning the results of monitoring of seepage, phreatic line, and other requirements to meet the 

design parameters. The District Inspector of Mines may require reports on a less frequent basis. 

3.4 Construction During Freeze-Up — construction during freeze-up and winter months is not permitted. 

This period may vary with location and type of winter. 
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4 O P E R A T I N G C O N T R O L 

4.1 Instrumentation — the basic instrumentation required to maintain surveillance on the performance of 

the tailings dam should include: piezometers to measure water levels and outline the phreatic water 

line in the dam and its foundations; settlement and alignment gauges to measure vertical and horizontal 

movements; gauges to measure seepage flows through the dam; determination and monitoring of 

seepage flows to be made on a regular basis as required by the Pollution Control Permit. 

4.2 Annual Report - an annual report on the stability of the tailings dams and related works will be 

required to be submitted to the Chief Inspector of Mines, the District Inspector, and the Pollution 

Control Branch. The Pollution Control Branch normally requires submission of annual reports on 

seepage control, water balance, and other aspects related to pollution control. To simplify reporting 

requirements, it is preferable to submit one report to both agencies, with the report incorporating 

both Mines and P.C.B. requirements. The report shall be submitted by a qualified geotechnical 

engineer and can be in-house engineering with the permission of the Chief Inspector of Mines. The 

report shall contain the following: 

Review of the stability — including vertical and horizontal movements 

Seepage — including controlled and any other evident seepages which might indicate new 

leakage 

Summary of the analysis of the water seepage as required by the Pollution Control Permit 

Water balance is required for the year's operation 

Summary of the phreatic levels in the dam cross-section and downstream foundation 

Construction details including dam height and amount and type of material 

Measured freeboard and projected freeboard available during the year with reference to the 

200-year f lood 

5 POST O P E R A T I O N A L 

5.1 A report shall be submitted to the Chief Inspector of Mines outlining the proposed post-operational 

state of the dam, related seepage control works, mine water deportment, and post-operational 

monitoring. 

5.2 Spillway - a permanent spillway shall be designed and installed prior to final abandonment of the 

tailings dam. The design shall take into consideration the runoff in the catchment area for the 

200-year f lood. (The minimum amount of impoundment water shall be considered in the design.) 

5.3 Reclamation - a report on the proposed total reclamation of the tailings area shall be submitted to 

the Chief Inspector of Mines pursuant to section 11 of the Mines Regulation Act and section 8 of the 

Coal Mines Regulation Act. 
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6 GENERAL 

6.1 Ministry of Mines and Petroleum Resources and Ministry of the Environment (Pollution Control 

Branch) 

The following reports shall be submitted to the Chief Inspector of Mines, the District Inspector of 

Mines, and the Pollution Control Branch. 

- Initial report on proposed new impoundments and any additional lifts proposed by the 

company. 

- Report of the design by consultants is required. When the report is received, the Chief 

Inspector of Mines shall arrange an on-site meeting with the company, their consultants, 

District Inspector, a Ministry of Mines' Engineer from Victoria, and in certain cases, the 

Pollution Control Branch. 

- The design must be approved by the Chief Inspector of Mines. Approval with any terms and 

conditions wil l be submitted to the company and a copy wil l be forwarded to the Pollution 

Control Branch prior to the issuing of a Pollution Control Permit. 

6.2 Pollution Control Branch 

Copies of all reports submitted to the Chief Inspector of Mines shall be submitted to the Pollution 

Control Branch. 

6.3 Seepages Other Than Controlled 

Any seepages which are observed other than the controlled seepage shall be reported to the District 

Inspector of Mines and the Regional Manager of the Pollution Control Branch. Mines shall make 

recommendations and issue instructions as the seepage affects stability and the Pollution Control 

Branch shall do the same as seepage affects pollution. Any malfunction in the seepage return works 

shall be reported to the District Inspector of Mines and the Regional Manager of the Pollution 

Control Branch. 

6.4 A l l reports submitted shall be signed by a professional engineeer registered in the Province of British 

Columbia. 

W. C. Robinson, P. Eng., 

Chief Inspector of Mines. 

Inspection and Engineering Division 

Victoria, B.C. 

March 15,1978. 
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APPENDIX 3.1.1 
SAMPLE REPORT ON TAILINGS DAMS 

KER, PRIESTMAN & ASSOCIATES LTD. 
COnSUlting ClVil engineers 400-880 Douglas Street, Victoria, B.C. V8W 2B7 (604) 388-6676 

1 DEPT. OF [f-'KuS ~~ 

I AND Kmiim RESOURCES 

! acccJ N O V 1 1 1975 

Principals 
W. Allan Ker 

B.A.Sc., P.Eng. 

J. Priestman 
M.B.E., P.Eng. 

J. Pennington 
B.Sc, P.Eng. 

. B. Sanderson 
B.A.Sc, P.Eng. 

Associate? 

H. G. Harris 
M.Sc. P.Eng. 

A. A. Day 
M.Sc, P.Eng. 

W. B. German 
B.A.Sc, P.Eng. 

N. I. Guild 
B.Sc, P.Eng. 

G. S. Prince \ 
B.A.Sc, P.Eng. j 

L H. McGill ! 
M.A.Sc, P.Eng. \ 

17th November 1975 

Our F i l e 836/102 
I u 

Department of Mijies, 
Parliament Buildings, 
V i c t o r i a , B.C. 

Attention: Mr. J.W. Peck, P. Eng. 
Chief Inspector 

Dear S i r s : 

P.C.B. A p p l i c a t i o n dated September 15/75 
T a i l i n g Disposal  

In connection with the above a p p l i c a t i o n , we are pleased 
to enclose f o r your perusal a copy of the geotechnical report by 
Klohn Leonoff Consultants Ltd. e n t i t l e d Report on T a i l i n g s Dams and 
dated February 27, 1975. 

days ago. 
A copy was supplied to the P o l l u t i o n Control Branch a few 

Yours very t r u l y , 

KER, PRIESTMAN & ASSOCIATES LTD. 

D.J. Pennington, P.Eng. 

DJP/ej 
En c l . 

c.c. P o l l u t i o n Control Branch 
Attn: R. Dreidger 
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Dear S i r s : 

P l e a s e n o t e t h a t t h e d r a w i n g KPA 8 3 6 - F - 3 1 6 as o r i g i n a l l y bound i n 
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MARK T. OLSEN, P. Eng . 
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REPORT ON TAIL INGS DAMS 

M i n e s L i m i t e d (NPL) 

B.C. 

V a n c o u v e r , B r i t i s h C o l u m b i a 

1. INTRODUCTI ON 

T h i s r e p o r t p r e s e n t s a d e s i g n f o r t a i l i n g s dams f o r t h e 

M i ne s p r o j e c t n e a r , B .C. The r e p o r t w i l l f o rm 

p a r t o f a s u b m i s s i o n by M i n e s t o t h e B r i t i s h C o l u m b i a 

P o l l u t i o n C o n t r o l B r a n c h f o r a p e r m i t t o impound mine t a i l i n g s . 

K l o h n L e o n o f f C o n s u l t a n t s L t d . a r e r e s p o n s i b l e f o r t h e dam 

s i t e i n v e s t i g a t i o n s and t h e d e s i g n o f t h e t a i l i n g s dams. Ke r 

P r i e s t m a n and A s s o c i a t e s a r e r e s p o n s i b l e f o r m a t t e r s r e l a t e d t o 

t a i l i n g s s t o r a g e vo lume c a l c u l a t i o n s , t r a n s p o r t a t i o n o f t a i l i n g s , 

d i s c h a r g e o f t a i l i n g s t o t h e t a i l i n g s p o n d , r e c l a m a t i o n o f 

c l a r i f i e d w a t e r , r e c o v e r y o f s eepage w a t e r f r o m be low t h e t a i l i n g s 

dam, and g e n e r a l c o n t r o l o f t h e w a t e r b a l a n c e . KPA d r a w i n g s 

8 36 -G -315 and 8 3 6 - F - 3 1 6 a r e appended t o t h i s r e p o r t f o r r e f e r e n c e 

r e h y d r o l o g y , s eepage c o n t r o l and s t o r a g e vo lume r e q u i r e m e n t s . 

A u t h o r i z a t i o n f o r t h i s r e p o r t was g i v e n by Mr . 

o f , by l e t t e r d a t e d A u g u s t 2 1 , 1974. 

A S A M U T U A L P R O T E C T I O N T O C L I E N T S , T H E P U B L I C A N D O U R S E L V E S , A L L R E P O R T S A R E S U B M I T T E D A S T H E C O N F I D E N T I A L P R O P E R T Y O F C L I E N T S , A N D A U T H O R 
I Z A T I O N F O R P U B L I C A T I O N O F S T A T E M E N T S , C O N C L U S I O N S O R E X T R A C T S F R O M O R R E G A R D I N G O U R R E P O R T S IS R E S E R V E D P E N D I N G O U R W R I T T E N A P P R O V A L . 
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A p r e v i o u s r e p o r t , e n t i t l e d " P r e l i m i n a r y F o u n d a t i o n R e p o r t " , 

d a t e d November 2 9 , 1 973 , e x a m i n e d a t e n t a t i v e a l i g n m e n t o f t a i l i n g s 

dams i n v o l v i n g an u n u s u a l o u t w a r d c u r v a t u r e w h i c h r e q u i r e d 

e x t e n s i v e s p e c i a l m e a s u r e s i n dam c o n s t r u c t i o n . S u b s e q u e n t t o t h e 

t i m e o f t h e a b o v e r e p o r t a c q u i r e d a d d i t i o n a l l a n d s w h i c h 

a l l o w e d i m p r o v e m e n t o f t h e dam a l i g n m e n t . T h i s r e p o r t d e a l s 

w i t h d e s i g n o f t h e dams i n t h e r e v i s e d c o n f i g u r a t i o n . 

T h i s r e p o r t w i l l be s u p p l e m e n t e d by d e t a i l e d c o n s t r u c t i o n d r a w i n g s 

p r i o r t o b e g i n n i n g dam c o n s t r u c t i o n . A t a i l i n g s dam o p e r a t i n g 

manua l w i l l be d e v e l o p e d a s d a m - b u i l d i n g t e c h n i q u e s a r e e s t a b l i s h e d 

d u r i n g t h e e a r l y s t a g e s o f c o n s t r u c t i o n . P e r i o d i c i n s p e c t i o n 

v i s i t s by a q u a I i f i e d c o n s u l t i n g e n g i n e e r w i l l be made d u r i n g dam 

c o n s t r u c t i o n . 

2 . CONCLUSIONS AND RECOMMENDATIONS 

2.1 The S i t e 

The s i t e o f t h e M i n e s t a i l i n g s pond i s i n t h e v a l l e y 

c o n t a i n i n g L a k e , a p p r o x i m a t e l y 3 m i l e s s o u t h o f 

L a k e and 9 m i l e s w e s t o f on H i g h w a y . T h e t a i l i n g s 

pond w i l l be a b o u t 1 m i l e w e s t o f t h e p r o p o s e d m i l l s i t e a n d { m i l e 

w e s t o f t h e o p e n p i t . A key p l a n a n d g e n e r a l l o c a t i o n p l a n a r e 

shown on KPA D r a w i n g 8 3 6 - F - 3 1 6 . The t a i l i n g s pond w i l l i n i t i a l l y 

be e n c l o s e d by t w o l a r g e dams , o n e a t e a c h e n d o f L a k e , 

j o i n i n g t h e h i g h r i d g e on t h e n o r t h w i t h t h e r i s i n g g r o u n d t o t h e 

s o u t h . Two s m a l l e r dams w i l l be b u i l t i n s t r e a m c h a n n e l s t o t h e 

s o u t h i n l a t e r y e a r s . The dams w i l l be b u i l t t o an u l t i m a t e c r e s t 

e l e v a t i o n o f 2 400 f e e t , r o u g h l y 285 f e e t a b o v e t h e p r e s e n t l e v e l 

o f L a k e . The dam, a s shown on KLCL D r a w i n g D - 1 8 3 6 - 6 , w i l l 

p r o v i d e s t o r a g e f o r a p p r o x i m a t e l y 95 m i l l i o n c u b i c y a r d s . T h a t 

v o l u m e r e p r e s e n t s r o u g h l y 27 m i l l i o n t o n s o f t a i l i n g s s t o r a g e a n d 

70 m i l l i o n t o n s o f w a t e r , s u f f i c i e n t f o r 11 y e a r s p r o d u c t i o n a t 

a r a t e o f 7200 t o n s o f t a i l i n g s s o l i d p e r d a y . 
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2 . 2 The Dams 

The t a i l i n g s dams a r e d e s i g n e d w i t h a t r i a n g u l a r s e c t i o n o f w a s t e 

r o c k s e a l e d by an i m p e r v i o u s u p s t r e a m membrane o f c o m p a c t e d g l a c i a l 

t i l l . Two f i l t e r z o n e s o f c a r e f u l l y s e l e c t e d g r a n u l a r m a t e r i a l s 

w i l l s e p a r a t e t h e i m p e r v i o u s membrane a n d r o c k f i l l a n d p r o v i d e 

p r o t e c t i o n a g a i n s t p i p i n g a n d c r a c k i n g . The f i l t e r z o n e s w i l l 

e x t e n d b e n e a t h t h e r o c k f i l l z o n e t o p r o v i d e p r o t e c t i o n a g a i n s t 

u p w a r d p i p i n g o f f o u n d a t i o n s o i l s . T y p i c a l dam s e c t i o n s a r e 

shown o n KLCL D r a w i n g D - 1 8 3 6 - 7 . 

2 . 3 F o u n d a t i o n s 

The dam f o u n d a t i o n s a r e m a i n l y c o m p o s e d o f a d e n s e , w e l l - g r a d e d 

s i l t - s a n d - g r a v e l m i x t u r e ( g l a c i a l t i l l ) o f v a r y i n g d e p t h l y i n g 

d i r e c t l y o n b e d r o c k . B e d r o c k i s a t o r n e a r g r o u n d s u r f a c e a t 

h i g h e r e l e v a t i o n s . T h e g l a c i a l t i l l a n d b e d r o c k w i l l p r o v i d e 

e x c e l l e n t f o u n d a t i o n s u p p o r t . The w e a t h e r e d u p p e r s u r f a c e o f t h e 

b e d r o c k m u s t be r e v i e w e d f o r p o s s i b l e s e e p a g e p r o b l e m s d u r i n g 

i n i t i a l s t r i p p i n g o p e r a t i o n s a t e a c h d a m s i t e . B l a n k e t t i n g o f t h e 

r o c k w i l l be a p p l i e d a s n e c e s s a r y . Some p e r v i o u s g r a v e l o r t a l u s 

d e p o s i t s o n t h e a b u t m e n t s o f t h e E a s t Dam may a l s o r e q u i r e s p e c i a l 

t r e a t m e n t f o r s e e p a g e c o n t r o l . A t b o t h t h e e a s t a n d w e s t e n d s 

o f L a k e , s o f t s i l t d e p o s i t s o f up t o 10 f e e t d e p t h w i l l 

be r e m o v e d f r o m t h e d a m s i t e s . 

G e o l o g i c a l w o r k by M i n e s h a s i n d i c a t e d m a j o r f a u l t s y s t e m s 

a r e p r e s e n t a t d e p t h i n t h e t a i l i n g s pond a r e a . G r o u n d s u r f a c e 

i n s p e c t i o n a n d s t u d i e s o f a i r p h o t o g r a p h s i n d i c a t e no f a u l t 

movement s i n r e c e n t g e o l o g i c t i m e s . 

A p p e n d i x B c o n t a i n s a d e t a i l e d r e s ume o f t h e d a m s i t e i n v e s t i g a t i o n s 

w i t h d e t a i l e d d r i l l h o l e a n d t e s t p i t l o g s , i n c l u d i n g t e s t p i t 

d a t a f r o m t h e p r e l i m i n a r y s i t e i n v e s t i g a t i o n s . D r a w i n g D - 1 8 3 6 - 5 

s hows t h e l o c a t i o n o f d r i l l h o l e s a n d t e s t p i t s u s e d f o r t h e 

34 i n v e s t i g a t i o n s a n d p r o f i l e s o f t h e g e n e r a l s u b s o i l c o n d i t i o n s 

a l o n g t h e dam a x i s . 
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2 . 4 C h a r a c t e r i s t i c s o f t h e T a i l i n g s M a t e r i a l 

The t a i l i n g s m a t e r i a l i s e x p e c t e d t o be a v e r y f i n e s l u r r y w i t h 

a h i g h s l i m e s c o n t e n t . The v e r y f i n e f r a c t i o n i s s i m i l a r t o 

B e n t o n i t e c l a y . The f i n e f r a c t i o n Of t h e t a i l i n g s s o l i d s i s 

n o t e x p e c t e d t o s e t t l e r a p i d l y e n o u g h t o c l a r i f y t h e w a t e r 

s u f f i c i e n t l y t o a l l o w r e c l a i m o f p r o c e s s w a t e r . H e n c e a l a r g e r 

s t o r a g e v o l u m e w i l l be r e q u i r e d t o impound p r o c e s s w a t e r a l o n g 

w i t h t h e t a i I i n g s s o l i d s . The dams w i l l n o t be t y p i c a l t a i I i n g s 

dams i n t h a t a h i g h head o f d i r t y w a t e r w i l l be i n c o n t a c t w i t h 

t h e dam f a c e s . In t h i s r e g a r d t h e dams a r e s i m i l a r t o w a t e r 

dams a n d a r e d e s i g n e d a s s u c h . 

2 . 5 C o n s t r u c t i o n M a t e r i a l s 

2 . 5 . 1 G l a c i a l T i I I 

I m p e r v i o u s m a t e r i a l f o r t h e i n i t i a l s t a g e s o f c o n s t r u c t i o n i s 

e x p e c t e d t o come f r o m t h e o p e n p i t o v e r b u r d e n s t r i p p i n g . G l a c i a l 

t i l l may a l s o be b o r r o w e d f r o m s o u r c e s w i t h i n t h e r e s e r v o i r a r e a 

a s r e q u i r e d . The n a t u r a l w a t e r c o n t e n t o f t h e t i l l i s p r o b a b l y 

s l i g h t l y a b o v e o p t i m u m f o r c o m p a c t i o n b u t i f p l a c e d d u r i n g t h e 

summer m o n t h s t h e h o t d r y c l i m a t e s h o u l d p r o v i d e a d e q u a t e d r y i n g . 

2 . 5 . 2 F i I t e r s 

Two g r a d e s o f f i l t e r m a t e r i a l a r e s p e c i f i e d f o r t h e dams . A t t h i s 

t i m e i t i s e x p e c t e d t h a t t h e f i n e f i l t e r w i l l be m a n u f a c t u r e d f r o m 

w a s t e o r s p e c i a l l y q u a r r i e d r o c k . Some n a t u r a l d e p o s i t s o f p i t -

r u n s a n d a n d g r a v e l may be a v a i l a b l e f o r f i n e f i l t e r c o n s t r u c t i o n . 

The c o a r s e f i l t e r may be v i s u a l l y s e l e c t e d f r o m o p e n p i t w a s t e . 

2 . 5 . 3 R o c k f i I I 

R o c k f i l l w i l l be s e l e c t e d f r o m o p e n p i t w a s t e a n d s h o u l d c o n s i s t 

o f h a r d , d u r a b l e f r a g m e n t s w i t h a m in imum p e r c e n t a g e o f f i n e s . 

W a s t e r o c k q u a l i t y i s e x p e c t e d t o be v a r i a b l e b u t i t s h o u l d be 

p o s s i b l e t o s e l e c t t h e b e s t m a t e r i a l f o r dam b u i l d i n g a n d s p o i l 
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t h e w e a k e r r o c k on t h e w a s t e dump. 

P l a c i n g and g r a d a t i o n r e c o m m e n d a t i o n s f o r r o c k f i l l , f i n e a n d 

c o a r s e f i l t e r m a t e r i a l s , a n d g l a c i a l t i l l a r e c o n t a i n e d i n 

A p p e n d i x C . 

2 . 6 S l o p e S t a b i I i t y 

The s t a b i l i t y o f a s l o p e i n homogeneous m a t e r i a l i s a d i r e c t 

f u n c t i o n o f t h e e f f e c t i v e s h e a r r e s i s t a n c e o f t h e m a t e r i a l a n d t h e 

d i m e n s i o n s o f t h e s l o p e . The s h e a r r e s i s t a n c e i s i n t u r n g o v e r n e d 

by t h e a n g l e o f i n t e r n a l f r i c t i o n a n d t h e p o r e w a t e r p r e s s u r e 

w i t h i n t h e m a t e r i a l s . In f r e e d r a i n i n g r o c k f i l l m a t e r i a l w h e r e 

no p o r e p r e s s u r e s d e v e l o p t h e s h e a r r e s i s t a n c e i s g o v e r n e d o n l y 

by t h e a n g l e o f i n t e r n a l f r i c t i o n . 

The a n t i c i p a t e d a n g l e o f i n t e r n a l f r i c t i o n f o r t h e r o c k f i l l i n 

t h e dams s h o u l d be b e t w e e n 37 a n d 4 0 d e g r e e s . U n d e r n o r m a l s t a t i c 

c o n d i t i o n s t h e s t e e p e s t s t a b l e s l o p e f o r a p e r f e c t l y d r y embankment 

i n r o c k f i l l w i t h a f r i c t i o n a n g l e o f 37 d e g r e e s w i l l b e a p p r o x i m a t e l y 

1.3 h o r i z o n t a l t o 1.0 v e r t i c a l . 

The M i n e s s i t e i s i n s e i s m i c z o n e 3 , w h i c h i s a r e l a t i v e l y 

a c t i v e e a r t h q u a k e a r e a . The l e t t e r a n d a t t a c h e d d a t a i n A p p e n d i x 

A f r o m M r . G . A . McMechan o f t h e D i v i s i o n o f S e i s m o l o g y , V i c t o r i a 

G e o p h y s i c a l O b s e r v a t o r y , d a t e d N o v e m b e r 12 , 1974 i n d i c a t e s t h a t 

an e a r t h q u a k e h a v i n g a r e t u r n p e r i o d o f 100 y e a r s w o u l d h a v e a n 

a c c e l e r a t i o n a p p r o x i m a t e l y e q u a l t o 11 p e r c e n t o f g r a v i t y . 

D y n a m i c l o a d i n g s u c h a s p r o d u c e d by an e a r t h q u a k e w i l l n o t a f f e c t 

t h e o v e r a l l s t a b i l i t y o f t h e t a i l i n g s dams b u t may r e s u l t i n some 

r a v e l l i n g o r s u r f a c e s l i d i n g o f t h e d o w n s t r e a m s l o p e . To p r o v i d e 

a d d i t i o n a l s a f e t y d u r i n g p o s s i b l e s e i s m i c t r e m o r s t h e f i n a l s l o p e 

on t h e d o w n s t r e a m s i d e o f t h e dam ha s been s e t a t 1.5 h o r i z o n t a l 

t o 1.0 v e r t i c a l . T h i s f l a t t e n i n g o f t h e s l o p e f r o m t h e n a t u r a l 
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a n g l e o f r e p o s e w i l l be a c c o m p l i s h e d by s t e p p i n g b a c k i n d i v i d u a l 

l i f t s t o l e a v e 2 0 - f o o t w i d e be rms a t 100 f o o t v e r t i c a l i n t e r v a l s 

t o p r o v i d e t h e s p e c i f i e d a v e r a g e s l o p e . 

2 . 7 C o n s t r u c t i o n D e t a i l s 

2 . 7 . 1 C o n t r o l o f S e t t l e m e n t 

The m a j o r d e s i g n c o n s i d e r a t i o n f o r t h e dams i s c o n t r o l o f embankment 

s e t t l e m e n t s . S e t t l e m e n t s c o u l d l e a d t o c r a c k i n g o f t h e i m p e r v i o u s 

membrane . S p e c i a l r o c k f i l l p l a c e m e n t p r o c e d u r e s a r e s p e c i f i e d t o 

m i n i m i z e s e t t l e m e n t . In t h e t y p i c a l dam s e c t i o n t h e r o c k f i l l i s 

t o be p l a c e d i n t w o z o n e s . R o c k i n t h e u p s t r e a m z o n e i s t o be 

p l a c e d i n l i f t s o f 5 f e e t maximum d e p t h a n d c o m p a c t e d w i t h t r u c k 

a n d b u l l d o z e r t r a f f i c a n d h e a v y v i b r a t o r y r o l l e r s . In t h e 

d o w n s t r e a m z o n e t h e r o c k may be e n d - d u m p e d i n l i f t s up t o 100 

f e e t . The c o m p a c t e d u p s t r e a m z o n e w i l l a c t a s a s e m i - r i g i d z o n e 

w h i c h w o u l d s e t t l e mo re o r l e s s e v e n l y a n d w i t h a m in imum o f 

d i f f e r e n t i a l s e t t l e m e n t s . End -dumped r o c k i s t o be w a t e r e d d u r i n g 

p l a c i n g i n t h e r a t i o o f a t l e a s t o n e v o l u m e o f w a t e r t o o n e v o l u m e 

o f r o c k . 

2 . 7 . 2 S p e c i a l P r o v i s i o n s f o r A r e a s o f O u t w a r d C u r v a t u r e 

The a r e a o f o u t w a r d c u r v a t u r e o f t h e m a i n dam wi II be s u b j e c t t o 

t e n s i l e s t r e s s e s and p e r h a p s some c r a c k i n g a s t h e t a i l i n g s p ond i s 

s l o w l y f i l l e d . T h e f o l l o w i n g s p e c i a l p r o v i s i o n s a r e recommended 

i n t h e o u t w a r d c u r v e d a r e a t o m i n i m i z e s e t t l e m e n t a n d f a c i l i t a t e 

s e l f - h e a l i n g o f c r a c k s : 

( a ) The d o w n s t r e a m s l o p e w i l l be f l a t t e n e d t o a n a v e r a g e s l o p e 

o f 2 h o r i z o n t a l t o 1 v e r t i c a l t o p r o v i d e e x t r a b u t t r e s s i n g 

a g a i n s t l a t e r a l d o w n s t r e a m movement . 
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( b ) The e n t i r e r o c k f i l l s e c t i o n w i l l be p l a c e d i n t h i n l i f t s 

a n d h e a v i l y c o m p a c t e d . 

( c ) The f i n e f i l t e r a n d c o a r s e f i l t e r z o n e s w i l l be t h i c k e n e d 

f r o m h o r i z o n t a l w i d t h s o f 12 f e e t t o 25 f e e t . The f i n e 

f i l t e r w i l l be e x c e p t i o n a l l y h i g h q u a l i t y , p r e f e r a b l y p i t - r u n 

s a n d and g r a v e l r a t h e r t h a n p r o c e s s e d w a s t e . 

The l a t e r a l e x t e n t o f t h e a r e a r e q u i r i n g t h e s p e c i a l p r o v i s i o n s 

ha s been shown on a d e t a i I on Dwg. D - 1 8 3 6 - 6 . 

2 . 7 . 3 I n i t i a l C o n s t r u c t i o n 

C o n s t r u c t i o n o f t h e i n i t i a l s t a g e o f t h e dams p r i o r t o s t a r t - u p 

o f t h e c o n c e n t r a t o r i s p l a n n e d t o e l e v a t i o n 2204 t o p r o v i d e s t o r a g e 

f o r t h e f i r s t y e a r ' s t a i l i n g s p r o d u c t i o n . The s t a r t e r dams w i l l 

be t h e f i r s t s t a g e o f t h e M a i n a n d E a s t dams . 

The s t a r t e r dams may be b u i l t i n e i t h e r o n e o f t w o w a y s . T h e 

dams may be c o n s t r u c t e d a s t y p i c a l dam s e c t i o n s a s shown o n 

S e c t i o n A - A , Dwg. D - 1 8 3 6 - 7 , o r may be c o n s t r u c t e d a s homogeneou s 

g l a c i a l t i l l dams a s shown on t h e a l t e r n a t e s e c t i o n o n Dwg. D - 1 8 3 6 - 7 . 

A t t h i s t i m e i t i s e x p e c t e d t h a t t h e s t a r t e r dams w i l l be o f 

homogeneous g l a c i a l t i l l c o n s t r u c t i o n . The t y p i c a l dam s e c t i o n 

i n v o l v e s p l a c e m e n t o f t h e r o c k f i l l z o n e p r i o r t o p l a c i n g t h e 

g l a c i a l t i l l membrane a g a i n s t t h e r o c k f i l l . T h e d e v e l o p m e n t o f t h e 

o p e n p i t w i l l i n v o l v e s t r i p p i n g a c o n s i d e r a b l e v o l u m e o f g l a c i a l 

t i l l p r i o r t o t h e s t a r t o f m i n i n g o p e r a t i o n s . I t w i l l l i k e l y 

be more e c o n o m i c a l t o p l a c e t h e g l a c i a l t i l l d i r e c t l y o n t h e 

s t a r t e r dams r a t h e r t h a n s t o c k p i l i n g t h e t i l l u n t i l a f t e r w a s t e 

r o c k s o u r c e s a r e d e v e l o p e d . 

F o r c o m p a r i s o n p u r p o s e s t h e m a t e r i a l v o l u m e s f o r t h e a l t e r n a t e 

s t a r t e r dam d e s i g n s a r e s u m m a r i z e d b e l o w : 
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G l a c i a l T i I I 
C o n s t r u c t i o n 

R o c k f i I I 
C o n s t r u c t i o n 

G l a c i a l T i l l 2 , 2 3 4 , 0 0 0 c u y d 

7 1 , 0 0 0 c u y d 

1 , 3 4 0 , 0 0 0 c u yd 

2 7 7 , 0 0 0 c u yd 

2 6 0 , 0 0 0 c u y d 

9 6 5 , 0 0 0 c u yd 

F i n e F i I t e r 

C o a r s e F i I t e r 

C o m p a c t e d R o c k f i l l 

T o t a l V o l u m e 2 , 3 0 5 , 0 0 0 c u y d 2 , 8 4 2 , 0 0 0 c u y d 

I n i t i a l c o n s t r u c t i o n w i l l a l s o i n c l u d e s t r i p p i n g t h e s t a r t e r 

dam b a s e s , e s t a b l i s h i n g b o r r o w a r e a s a n d c o n s t r u c t i o n o f r u n o f f 

d i v e r s i o n f a c i l i t i e s a n d t h e s e e p a g e r e c o v e r y dam. 

We recommend t h a t i n i t i a l c o n s t r u c t i o n be c a r r i e d o u t u n d e r t h e 

s u p e r v i s i o n o f a q u a l i f i e d s o i l s e n g i n e e r . In a d d i t i o n t o 

p r o v i d i n g i n s p e c t i o n o f s t r i p p i n g o p e r a t i o n s , b o r r o w a r e a s a n d 

f i l l p l a c e m e n t , t h e e n g i n e e r w o u l d t r a i n p e r s o n n e l i n d a m -

b u i l d i n g p r o c e d u r e s . 

The c r e s t o f t h e dams w i l l n o r m a l l y be a t a c o n s i d e r a b l y h i g h e r 

e l e v a t i o n t h a n t h e t a i l i n g s p o n d , h o w e v e r c o n s t r u c t i o n w i l l be 

s c h e d u l e d t o e n s u r e t h a t t h e dam f r e e b o a r d a t a n y t i m e wi I I be n o t 

l e s s t h a n 5 f e e t . F r e e b o a r d f o r s t o r a g e o f s p r i n g r u n o f f w i l l 

be i n a d d i t i o n t o t h e m i n i m i m 5 f e e t s p e c i f i e d . 

D r a w i n g D - 1 8 3 6 - 8 shows t h e a n t i c i p a t e d r a t e o f c o n s t r u c t i o n a n d 

s e q u e n c e o f p l a c e m e n t o f m a t e r i a l s f o r t h e dams . The s c h e d u l e 

i s b a s e d o n K e r P r i e s t m a n a n d A s s o c i a t e s D r a w i n g 8 3 6 - G - 3 1 6 

v o l u m e v s e l e v a t i o n c u r v e . The s c h e d u l e may be a d j u s t e d i f a n n u a l 

v o l u m e r e q u i r e m e n t s c h a n g e . 

The t y p i c a l c o n s t r u c t i o n s e q u e n c e f o r e a c h l i f t w i l l be o u t l i n e d 

b e l o w . D e t a i l e d p l a c i n g r e c o m m e n d a t i o n s a r e g i v e n i n A p p e n d i x C . 
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( a ) The b a s e f o r f i n e f i l t e r w i l l be p r e p a r e d by c l e a r i n g and 

g r u b b i n g t r e e s a n d r o o t s , s t r i p p i n g o r g a n i c m a t e r i a l , a n d 

c l e a n i n g o u t any swampy a r e a s o r u n s t a b l e s o i l s . The 

g l a c i a l t i l l b a s e w i l l be s c a r i f i e d , w a t e r e d i f n e c e s s a r y 

and c o m p a c t e d a n d f i n e f i l t e r p l a c e d w h e r e s p e c i f i e d i n 

d r a w i n g s . A l a y e r o f c o m p a c t e d f i n e r o c k w i l l b e p l a c e d 

b e n e a t h dumped r o c k f i l l on a r e a s o f dam b a s e n o t r e q u i r i n g 

f i n e f i I t e r . 

( b ) End -dumped r o c k f i l l , ( z o n e a ) , w i l l be p l a c e d i n maximum 

1 0 0 - f o o t l i f t s up t o t h e e l e v a t i o n o f t h e t o p o f t h e 

p r e v i o u s l i f t o f c o m p a c t e d r o c k . 

( c ) The a b u t m e n t s w i l l be s t r i p p e d a n d c o m p a c t e d i n p r e p a r a t i o n 

f o r p l a c i n g f i l t e r s b e n e a t h c o m p a c t e d r o c k f i l l . T h e f i n e 

f i l t e r ( z o n e d ) t h e n c o a r s e f i l t e r ( z o n e c ) w i l l be p l a c e d 

i n t h i n l i f t s o f 12 t o 18 i n c h e s up t o t h e s p e c i f i e d t h i c k n e s s 

o f 5 f e e t . 

( d ) The c o m p a c t e d r o c k f i l l s e c t i o n ( z o n e b ) w i l l be p l a c e d i n 

l i f t s o f maximum 5 - f o o t t h i c k n e s s up t o t h e r e q u i r e d e l e v a t i o n . 

The c o m p a c t e d r o c k f i l l s e c t i o n s w i l l h a v e c r e s t w i d t h s o f 

100 f e e t . 

( e ) The c o a r s e f i l t e r ( z o n e c ) , f i n e f i l t e r ( z o n e d) a n d 

i m p e r v i o u s membrane ( z o n e e ) w i l l be p l a c e d on t h e u p s t r e a m 

s i d e o f t h e c o m p a c t e d r o c k f i l l z o n e . P l a c e m e n t o f t h e f i l t e r s 

and i m p e r v i o u s z o n e w i l l p r o c e e d mo re o r l e s s s i m u l t a n e o u s l y 

s o t h e r e w i l l be no more t h a n 5 f e e t d i f f e r e n c e i n e l e v a t i o n 

b e t w e e n z o n e s d u r i n g c o n s t r u c t i o n . The s e e p a g e c u t o f f t r e n c h 

w i l l be e x c a v a t e d a n d b a c k f i l l e d s i m u l t a n e o u s l y w i t h t h e 

p l a c i n g o f t h e i m p e r v i o u s membrane a s t h e t o p s u r f a c e o f t h e 

f i l l i s r a i s e d up t h e a b u t m e n t s . 
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Where b e d r o c k i s e x p o s e d o r n e a r s u r f a c e a t t h e b a s e o f t h e 

i m p e r v i o u s membrane , t h e s e e p a g e c u t o f f t r e n c h w i l l b e e l i m i n a t e d 

a n d r e p l a c e d w i t h an u p s t r e a m b l a n k e t o f c o m p a c t e d g l a c i a l t i l l 

t o l e n g t h e n t h e s e e p a g e p a t h , and r e d u c e t h e amount o f s e e p a g e . 

2 . 7 . 5 W a s t e R o c k Dump 

W a s t e f i l l w i l l be p l a c e d t o t h e n o r t h e a s t o f t h e E a s t Dam and 

w i l l be c o n t i n u o u s w i t h t h e E a s t Dam. F i l l w i t h i n t h e E a s t Dam 

w i l l be p l a c e d a s d e s c r i b e d i n t h e r e p o r t a n d d r a w i n g s p r i o r 

t o d u m p i n g any w a s t e m a t e r i a l a g a i n s t t h e d o w n s t r e a m s l o p e o f t h e 

dam. W a s t e r o c k o u t s i d e t h e dam o u t l i n e may be r a n d o m l y s e l e c t e d 

and p l a c e d . 

The t o p o g r a p h y b e n e a t h t h e w a s t e dump f o r m s a d e p r e s s i o n i n w h i c h 

s e e p a g e and r u n o f f w a t e r c o u l d a c c u m u l a t e a g a i n s t t h e d o w n s t r e a m 

s i d e o f t h e i m p e r v i o u s membrane . The w a t e r l e v e l i n t h e w a s t e 

dump m u s t be k e p t b e l o w t h e t a i l i n g s pond l e v e l t o p r e v e n t 

d i s p l a c i n g t h e i m p e r v i o u s membrane i n t o t h e r e s e r v o i r . K e r 

P r i e s t m a n and A s s o c i a t e s h a v e p r o p o s e d a pump t o be b u r i e d 

b e n e a t h t h e w a s t e dump. C a r e m u s t be t a k e n t o e n s u r e t h e pump 

r e m a i n s o p e r a t i o n a l . 

2 . 7 . 6 Sp i g o t t i n g 

B e d r o c k o u t c r o p s i n v a r i o u s a r e a s w i t h i n t h e r e s e r v o i r and b e t w e e n 

t h e dam s t r u c t u r e s . We recommend t h a t t a i l i n g s be s p i g o t t e d o v e r 

t h e s e a r e a s t o p e r m i t t h e f i n e s a n d t o s e a l any f r a c t u r e d r o c k 

w h i c h may a l l o w s e e p a g e t o d i s c h a r g e i n t o t h e l o c a l g r o u n d w a t e r 

s y s t e m . The c r i t i c a l b e d r o c k a r e a s w i l l be r e v i e w e d a s c o n s t r u c t i o n 

o f t h e s t a r t e r dams p r o c e e d s . A s an a l t e r n a t i v e t o s p i g o t t i n g , 

a l a y e r o f c o m p a c t e d g l a c i a l t i l l c o u l d be p l a c e d o v e r c r i t i c a l 

b e d r o c k a r e a s . 
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2 . 7 . 7 T e s t i n g a n d I n s t r u m e n t a t i o n 

R e s e a r c h s h o u l d be c o n t i n u e d o n m e t h o d s o f s e t t l i n g t h e b e n t o n i t e 

f r a c t i o n o f t h e t a i l i n g s . C l a r i f i c a t i o n o f t h e p r o c e s s w a t e r 

w o u l d a l l o w w a t e r r e c l a i m a n d w o u l d g r e a t l y d e c r e a s e t h e t a i l i n g s 

s t o r a g e v o l u m e r e q u i r e m e n t s . The dam d e s i g n c a n be a d j u s t e d t o -

p r o v i d e s m a l l e r s t o r a g e i f w a t e r r e c l a i m i s p u t i n t o e f f e c t . 

C o n t i n u o u s r e c o r d s s h o u l d be k e p t o f t h e pond w a t e r l e y e l s a n d 

o f t h e t a i l i n g s l e v e l s . O b s e r v a t i o n s s h o u l d be made o f s e e p a g e 

p a t t e r n s a n d r e g u l a r r e c o r d s s h o u l d be k e p t o f q u a n t i t i e s o f 

f l o w i n a l l s e e p a g e c o l l e c t i o n d i t c h e s , 

2 . 7 . 8 P r o v i s i o n f o r S hu tdown 

P r o v i s i o n s w i l l be made t o e n s u r e t h e r e i s no d a n g e r o f o v e r t o p p i n g 

o f t h e t a i l i n g s dams by r u n o f f w a t e r i n t h e e v e n t o f a n y p r o l o n g e d 

s h u t d o w n o r p e r m a n e n t c l o s u r e o f m i n i n g o p e r a t i o n s , K e r P r i e s t m a n 

and A s s o c i a t e s h y d r o l o g i c d a t a on t h e e n c l o s e d KPA D r a w i n g 

8 3 6 - F - 3 1 6 i n d i c a t e s t h a t u n d e r a v e r a g e c l i m a t i c c o n d i t i o n s , 

e v a p o r a t i o n l o s s e s w i l l s l i g h t l y e x c e e d t h e t o t a l i n f l o w f r o m 

r u n o f f and d i r e c t p r e c i p i t a t i o n . A d e q u a t e f r e e b o a r d w i l l b e 

p r o v i d e d f o r n o r m a l r u n o f f s t o r a g e . P r o v i s i o n w i l l be made h o w e v e r , 

f o r e x t r e m e f l o o d y e a r s . An e m e r g e n c y s p i l l w a y w i l l b e c o n s t r u c t e d 

a t t h e n o r t h a b u t m e n t o f t h e E a s t Dam i n t h e e v e n t o f a n y s h u t d o w n . 

The s p i l l w a y w i l l h a v e i t s d i s c h a r g e i n t o t h e o p e n p i t t o p r e v e n t 

any c o n t a m i n a t e d w a t e r f r o m e n t e r i n g t h e l o c a l r u n o f f s y s t e m . 

D ISCUSS ION 

3.1 G e n e r a l 

The M i n e s t a i l i n g s dams w i l l h a v e more o f t h e n a t u r e o f 

c o n v e n t i o n a l w a t e r s t o r a g e dams t h a n t a i l i n g s dams . T h e u s u a l 

m i n e t a i l i n g s m a t e r i a l a l l o w s c l a r i f i c a t i o n and r e c l a i m o f t h e 

p r o c e s s w a t e r . T h e u s e o f r e c l a i m e d p r o c e s s w a t e r m i n i m i z e s t h e 

v o l u m e o f f r e s h makeup w a t e r and t h e s m a l l w a t e r s u r f a c e i n t h e 
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t a i l i n g s pond c a n u s u a l l y be s e p a r a t e d f r o m t h e dams by a l o n g 

s p i g o t t e d b e a c h . The dams, h o w e v e r , w i l l h a v e a h i g h head 

o f d i r t y w a t e r d i r e c t l y i n c o n t a c t w i t h t h e dam f a c e s . A s a 

r e s u l t t h e dams m u s t be d e s i g n e d a n d c o n s t r u c t e d t o p r o v i d e a 

w a t e r - t i g h t c o n t a i n m e n t . 

3 . 2 P r e v e n t i o n o f P i p i n g 

Embankment s e t t l e m e n t s mus t be c a r e f u l l y c o n t r o l l e d t o p r e v e n t 

c r a c k i n g w h i c h c o u l d l e a d t o h i g h s e e p a g e l o s s e s . The r e l a t i v e l y 

l o n g c o n s t r u c t i o n p e r i o d o f t h e dams w i l l a i d i n r e d u c i n g p o s t -

c o n s t r u c t i o n s e t t l e m e n t s . Much o f t h e s e t t l e m e n t o f e a c h l i f t 

o f w a s t e r o c k w i l l o c c u r p r i o r t o p l a c e m e n t o f t h e n e x t l i f t . 

S l u i c i n g r o c k d u r i n g d u m p i n g a n d d u m p i n g i n r e l a t i v e l y h i g h l i f t s 

a r e t h e m a i n a c c e p t e d m e t h o d s o f r e d u c i n g p o s t - c o n s t r u c t i o n 

s e t t l e m e n t s i n e n d - d u m p e d r o c k f i l l s . The z o n e o f c o m p a c t e d r o c k f i l l 

w i l l a c t a s a s e m i - r i g i d member w h i c h w i l l m i n i m i z e d i f f e r e n t i a l 

s e t t l e m e n t u n d e r t h e a p p l i e d r e s e r v o i r l o a d . 

F i l t e r z o n e s a r e t h e p r i n c i p a l l i n e o f d e f e n s e a g a i n s t p i p i n g s h o u l d 

c r a c k i n g o c c u r , e i t h e r t h r o u g h d i f f e r e n t i a l s e t t l e m e n t s o r t h e 

u n l i k e l y e v e n t o f any f o u n d a t i o n a d j u s t m e n t . P r o d u c t i o n a n d 

p l a c e m e n t o f f i l t e r m a t e r i a l w i l l be c a r e f u l l y c o n t r o l l e d t o e n s u r e 

h i g h q u a l i t y f i l t e r z o n e s . 

3 . 3 C o m p a c t i o n o f R o c k f i l l 

The u p s t r e a m r o c k f i l l z o n e w i l l be c o m p a c t e d w i t h h e a v y v i b r a t o r y 

r o l l e r s and by t r u c k and b u l l d o z e r t r a f f i c . We h a v e n o t s p e c i f i e d 

w a t e r t o a i d c o m p a c t i o n a t t h i s t i m e . W a t e r i n g may be s p e c i f i e d 

a t a l a t e r d a t e i f s a t i s f a c t o r y c o m p a c t i o n i s n o t b e i n g a c h i e v e d . 

3 .4 A r e a o f O u t w a r d C u r v a t u r e 

The a r e a o f o u t w a r d c u r v a t u r e on t h e M a i n Dam ha s been c o n s e r v a t i v e l y 

d e s i g n e d by c o n v e n t i o n a l s t a n d a r d s . T h i s i s n e c e s s a r y b e c a u s e 
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any s e t t l e m e n t s i n t h i s a r e a w i l l l e a d t o c r a c k i n g o f t h e 

i m p e r v i o u s membrane . The f l a t t e r d o w n s t r e a m s l o p e a n d f u l l y -

c o m p a c t e d dam s e c t i o n a r e s p e c i f i e d t o l i m i t embankment movemen t . 

The e x t r a w i d e f i l t e r z o n e s w i l l p r e v e n t e r o s i o n and f a c i l i t a t e 

h e a l i n g i f any c r a c k i n g d o e s o c c u r . 

3 .5 Cambe r 

I t i s u s u a l p r a c t i c e t o d e s i g n dams w i t h a c a m b e r , o r e x t r a c r e s t 

h e i g h t , t o a c c o m m o d a t e s e t t l e m e n t s . No c a m b e r ha s b e e n p r o v i d e d 

f o r t h e dams f o r t h e f o l l o w i n g r e a s o n s : 

( a ) The l o n g c o n s t r u c t i o n p e r i o d w i l l a l l o w m o s t s e t t l e m e n t s t o 

o c c u r b e f o r e c o m p l e t i o n o f t h e u l t i m a t e f a c i l i t y . 

( b ) A d e q u a t e f r e e b o a r d ha s been p r o v i d e d . 

( c ) T h e w i d e dam c r e s t s w o u l d a l l o w a d d i t i o n o f e x t r a h e i g h t 

i f n e c e s s a r y . 

3 . 6 S e e p a g e 

S e e p a g e b e n e a t h t h e dams w i l l be I i m i t e d by t h e s e e p a g e c u t o f f 

t r e n c h b e n e a t h t h e i m p e r v i o u s membrane . S e e p a g e t h r o u g h t h e dams 

w i l l be i n t e r c e p t e d by d i t c h e s a t t h e dam t o e s a n d d i v e r t e d t o 

t h e s e e p a g e r e c o v e r y dam. We h a v e a l s o c o n s i d e r e d t h e p o s s i b i l i t y 

o f s e e p a g e t h r o u g h non -dam p o r t i o n s o f t h e r e s e r v o i r . The 

w e a t h e r e d u p p e r s u r f a c e o f t h e b e d r o c k e x p o s e d a t h i g h e r e l e v a t i o n s 

may r e q u i r e b l a n k e t t i n g t o m i n i m i z e s e e p a g e l o s s e s t h r o u g h t h e 

b e d r o c k . We recommend t h a t t a i l i n g s l i n e s be e x t e n d e d t o a l l o w 

s p i g o t t i n g t a i l i n g s on t h e b e d r o c k s u r f a c e . The m o s t c r i t i c a l 

b e d r o c k a r e a s a r e on t h e h i g h r i d g e t o t h e n o r t h b e t w e e n t h e M a i n 

and E a s t Dams a n d t o t h e s o u t h b e t w e e n t h e E a s t and S o u t h e a s t dams . 

The a l t e r n a t i v e t o b l a n k e t t i n g w i t h t a i l i n g s w o u l d be t h e p l a c i n g 

o f a l a y e r o f c o m p a c t e d g l a c i a l t i l l o v e r b e d r o c k s u r f a c e s . 
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3 .7 S t a b i I i t y 

F r e e - d r a i n i n g r o c k f i l l m a t e r i a l w i l l n o r m a l l y p r o v i d e a d e q u a t e 

s l o p e s t a b i l i t y a t i t s n a t u r a l a n g l e o f r e p o s e o f a p p r o x i m a t e l y 

1 . 3 : 1 . F o r a d d i t i o n a l s t a b i l i t y d u r i n g p o s s i b l e e a r t h q u a k e t r e m o r s , 

t h e d o w n s t r e a m dam s l o p e s w i l l be f l a t t e n e d by t h e a d d i t i o n o f 

be rms t o an a v e r a g e s l o p e o f 1 . 5 : 1 . 

P r o p e r t y r e s t r i c t i o n s h a v e d i c t a t e d an a r e a o f o u t w a r d c u r v a t u r e 

on t h e M a i n Dam. To p r o v i d e a d d i t i o n a l s l o p e s t a b i l i t y a n d p r o v i d e 

b u t t r e s s i n g a g a i n s t l a t e r a l m o v e m e n t , t h e a v e r a g e d o w n s t r e a m s l o p e 

w i l l be f l a t t e n e d t o 2:1 i n t h e o u t w a r d c u r v e d a r e a . 

R e s p e c t f u l l y s u b m i t t e d , 

KLOHN LEONOFF CONSULTANTS LTD. 

PETER C. L IGHTHALL , P . E n g . 

MARK T . OLSEN , P. E n g . 
E x e c u t i v e E n g i n e e r 

PCL/MTO/mc 

c c : (6 c o p i e s ) 

Klohn Leonoff Consultants Ltd. 
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Department of Energy, Mines and Resources 

Minist&re de l'£nergie, des Mines et des Ressources 

[ V i c t o r i a Geophysical Observatory 
15071 West Saanich Road, R.R. 7 
! V i c t o r i a , B.C. 

C A N A D A 

FtU Number 

November 12, 1974. 

Mr. P. Light ha 11, 
Klohn and Leonoff Consultants Ltd., 
buite 204, 
1847 W Broadway, 
Vancouver, B.C. 

Dear Mr. Lightha11, 

Please find enclosed a seismic risk analysis for a site near 
at coordinates 

N 
W 

as you requested on the phone. 

Sincerely, 

G.A. McMechan, 
Division of Seismology. 

GAM:dc 
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T H I S IS AN E S T I MA TE OF THE E A R T H Q U A K E P R O B A B I L I T Y OF A S I T E N E A R . • 

T H F G F O G R A P H I C AL C O - O R D IN AT ES OF T H E S I T E A R E 
50 D E G R E E S 39 MIN N O R T H L A T I T U D E 

1 2 ^ O F G R E E S M. I N WEST L O N G I T U D E 

E \*> T HQUA-Kr S 4 E T j jE^N 1 3«>9 AND 1 9 7 0 I N C L U S I V E A R E I N C L U D E D IN T H E A N A L Y S I S . 

D U R I N G T H I S P E R I O D T HER F ARE 2 3 0 0 E A R T H Q U A K E S IN T H E E A R T H Q U A K E C A T A L O G U E FOR T H I S 

»K'3-l ON. T H E R E rfERF. I OS E A R T H Q U A K E S WH ICH C O U L D H A V E B E E N F E L T AT T H I S L O C A T I O N D U R I N G T H I S 7 2 YEA R P E R I O D . 

T H I S S I T E HAS E X P E R I E N C E D A MAXIMUM A C C E L E R A T I O N O F 4 . P E R C E N T G R A V I T Y 
O P A MAXIMUM I N T E N S I T Y QF VI \ | 
T ^ I L E 1 IS A L I S T OF T H E E A R T H Q U A K E S W H I C H R E A C H E D AN I N T E N S I T Y OF I I 
-JR G R E A T E R AT T H I S S I T E . A L L OF T H E E V E N T S I N T H I S L I S T MAY H A V E B E E N F E L T . 

T \R L F 2 I S A L I S T OF T H E P R E D I C T I O N S F O R T H I S S I T E . P L E A S E R E A D T H E 
FOLLOW f NG R F M A P K S B E F O R E U S I N G T H E D A T A . 

THfc V A L U E S F O U N D [ N T A B L E 2 A R E B A S E D U P O N A S T A T I S T I C A L A N A L Y S I S OF T H F 
E A R T H Q U A K E S <H ICH H A V E O C C U R R E D O V E R T H E A B O V E I N T E R V A L OF T I M E . 
T H I S IS T O O SHO^T A P E R I O D OF O B S E R V A T I O N FOR A C C U R A T E P R E D I C T I O N S ABOUT 
T E C T O N I C A C T I V I T Y . H O W E V E R , T H F D A T A H A V E B E E N P R O C E S S E D TO P R O V I D E 
AN E S T I M A T E OF T H E P O S S I B L E L E V E L OF E A R T H Q U A K E A C T I V I T Y IN T H E NEAR 
F U T U R E A S S U M I N G A C O N T I N U A T I O N OF T H E S T A T I S T I C A L P A T T E R N OF T H E P A S T 
Y E A R S . A L T H O U G H P R E D I C T I O N S C A N B E MADE FOR MANY R E T U R N P E R I O D S . 
THE NUMBERS G I V E N F OR R E T U R N P E R I O D S G R E A T E R T H A N 100 Y E A R S A R E MORE L I K E L Y 
TO HF A L T F R E D OY C H A N G I NG P A T T E R N S OF E A R T H Q U A K E A C T I V I T Y .  

THE € X T R C M F V A L U E METHODS OF S T A T I S T I C S A R E U S E D FOR T H E S E C A L C U L A T I O N S . 
T H ~ S L O P E OF T H F C U R V E IS F O U N D BY A L E A S T S Q U A R E S S O L U T I O N OF T H E D A T A F O R 
T H ^ Y F A ^ S WHEN T H E R E WAS A C T I V I T Y A B O V E A F I X E D T H R E S H O L D L E V E L . T H E 
CUf- vVF I S R E P R E S E N T E D HY THE E Q U A T I O N 

L O G ( A C C ) - MODE + K ( - L O G ( - L O G ( P ) ) » 

• -WM-- "—MATUPAL L O G A R I T H M S AM T U b ' - D . P IS T H E P R O B A B I L I T Y THAT ACC 1 I L L 
T c E X C E E D E D IN 1 Y E A R . R IS T H E R E T U R N P E R I O D ( IN Y E A R S ) OF A C C E L E R A T I O N 
* 4PL I TUOF L O G (A C C ) A NO E Q U A L S 1/ 1-P . 

FROM T H I S T H E A C C E L E R A T I O N A M P L I T U D E IS 

\C.r = c X P ( L O G ( ACC ) > 

A' j H T \~~ V \ T r N S I TV ' 

• • 

I = 3 L C G I O ( A C C ) + 4 . 5 

I TS r H r I M T F N 3 I T Y BY T H E M O D I F I E D M E R C A L L l I N T E N S I T Y S C A L E O F 1 9 3 1 . I N 
THE T A G L F S THE V A L U E I S ROUNDED T O T H E N E A R E S T I N T E G E R AND P R I N T E D IN ROMAN 
N U M E R A L S . ACC I S T H F A C C E L E R A T I O N AS A P E R C E N T A G E OF G R A V I T Y . 

T Hi- V A L U h S ALO. -LLR 'A 1 1 ON L I S T b l J IN I A B L b d AWb F 1 H M S U I L . GJHfcH 
T Y P E S 0«= F O U N D A T I O N M A T E R I A L MAY A L T E R T H E V A L U E S 8 Y AT L E A S T ONE U N I T 
O p I . 



T H E S E I S M I C Z O N I N G MAP IN T H E N A T I O N A L . B U I L D I N G C O D E O F C A N A D A ( 1 9 7 0 1 
U S E S T H E A C C E L E R A T I O N A M P L I T U D E S W I T H R E T U R N P E R I O D S O F 1 0 0 Y E A R S AS T H E 
C R I T E R I A FOR ZONE B O U N D A R I E S * T H I S IS C A L L E D A C O 0 0 . T H E F O L L O W I N G A R E 
THE ZONE B O U N D A R I E S IN T H E 1 9 * 0 C O D E • 

ZONE 0 A C C I 0 O < 1. R = 0 
Z O N E 1 U <= A C C 1 0 0 < 3 . R — 1 
Z O N E 2 3 . <= A C C 1 0 Q < 6 » R = 2 
Z O N E 3 6 , <= A C C 1 0 0 < R = 4 

• 
• 

. ... 

CO 

• 



50 39 1 23 2S 

T A B L C 1 DATA 

D A Y MONTH YE A-) MAG L A T L O N G D I S T A N C E A C C E L E R A T I O N I N T E N S I T Y 

s 
M I L E S K MS P E R C E N T G 

n Q I -399 3 . 2 0 6 0 . 0 0 - 1 4 2 . 0 0 8 3 3 1 341 0 I I I 
1 0 Q 1 3 9 9 3 . 6 0 6 0 . 0 0 - 1 4 0 . 0 0 7 8 6 I 2 6 5 1 IV 
1 0 9 I 3 9 9 7 . 8 0 60 . 0 0 - 1 4 0 . 0 0 7 3 6 1 2 6 5 0 11 

9 1 0 1 TQO 3 . 2 0 6 0 . 00 - 1 4 2 . 0 0 8 3 3 1 3 4 1 0 111 
1 1 1 9 1 2 6 . 5 0 5 1 . 0 0 - 1 3 1 . 0 0 1 13 1 82 1 I V 
2 1 7 1 91 a 6 . 50 4 9 . 0 0 - 1 3 0 . 0 0 1 32 2 1 3 1 IV 

1 7 1 9 1 ^ 6 . 4 0 5 0 . 0 0 - 1 2 3 . 0 0 4 9 7Q 3 V I 
? 3 1 2 1 9 1 7 6 . 5 0 5 0 . 0 0 - 1 2 8 . 0 0 4 9 79 4 VI 

6 12 1 91 H 7 . 00 4 9 . 7 5 - 1 2 6 . 5 0 1 0 6 1 7 2 2 V 
I 7 1 9 1 9 5 . 5 0 5 0 . 0 0 - 1 2 8 . 0 0 4 9 7 9 I IV 

I 0 7 I 91 9 5 . 00 5 0 . 0 0 - 1 2 3 . 0 0 4 9 7 9 0 111 
2 9 3 1 9 2 0 6 . 4 0 5 0 , 5 0 - 1 2 9 . 5 0 4 6 74 4 VI 
2 8 5 1 321 5 . 5 0 4 9 , 2 0 - 1 2 9 . 2 0 1 0 5 1 6 9 0 11 

? 5 1 32 3 5 . 00 5 0 . 0 0 - 1 2 8 . 0 0 4 9 7 9 0 11 I 
1 3 1 0 1 9 2 3 5 . 0 0 5 0 . 5 0 - 1 2 9 . 5 0 4 6 74 0 111 
30 3 1 9 2 4 6 , 0 0 5 0 . 5 0 - 1 2 9 , 5 0 4 6 74 2 V 
30 1 0 1 9 2 6 6 . 1 0 4 3 . 5 0 - 1 2 9 . 0 0 1 5 0 2 4 2 0 I I I 
31 1 0 1 92 6 6 . 6 0 4 8 . 7 5 - 1 2 3 . 5 0 1 31 211 1 IV 

1 3 1 9 2 9 6 .1 0 5 1 . 50 - 1 3 0 . 7 5 1 1 5 185 0 11 I 
1 6 4 1 » 2 9 5 . 5 0 4 9 . 5 0 - 1 3 0 . 0 0 1 0 4 1 6 8 0 11 
2 6 ^ 1 92 9 7 , 00 5 2 . 3 0 - 1 2 9 . 5 0 1 5 4 2 4 9 1 V 
1 7 c 1 9 2 9 6 . 3 J 4 9 . 7 0 - 1 3 2 . 0 0 1 6 9 2 72 0 111 
1 6 I 9 30 5 . 5 0 4 9 , 5 0 - 1 3 0 . 0 0 1 0 4 1 6 8 0 11 
IS 8 1 1 3 2 5 , 5 0 4 9 . 00 - 1 2 9 . 0 0 1 1 6 187 0 11 

5 t 9 33 5 . 5 0 4 9 . 3 0 - 1 2 9 . 2 0 9 8 1 5 8 0 111 
24 9 1 9 3 5 6 . 2 0 4 9 , 3 0 - 1 2 9 . 2 0 9 8 1 5 8 1 IV 
2 9 9 1 => 37 5 . 5 0 4 9 . 2 0 - 1 2 9 . 9 0 1 1 e 1 91 0 11 
•?? 3 1 9 3 3 6 . 30 5 ? . 6 0 - 1 3 2 . 1 0 2 0 5 331 0 11 
22 4 19 3S 5 . 5 0 4 9 . 20 - 1 2 9 . 9 0 11 e 191 0 11 
1 « 7 1 9 3T 6 . 5 0 4 9 . 2 0 - 1 2 9 . 9 0 11 e 191 1 I V 

" q . . . " • ! 9 7 9 6 . 5 0 4 3 . 5 0 - 1 3 0 . 0 0 1 6 3 2 6 3 0 111 
1 1 0 1 9 '+ 1 6 . 0 0 4 9 . 5 0 - 1 3 0 . 0 0 1 0 4 1 6 8 0 111 
6 1 1 1 941 6 . 00 4 9 . 0 0 - 1 3 0 . 0 0 1 32 2 1 3 0 111 

IT - j 1 9 4 2 6 . 00 5 1. 20 - 1 3 0 . 0 0 7 6 1 2 3 1 IV 
0 1 9 4 2 5 - 7 5 4 9 . 2 0 - 1 2 9 . 9 0 1 1 8 191 0 111 

1 0 3 19 44 6 . 2 5 5 0 . 90 - 1 3 0 . 7 0 9 9 1 5 9 1 IV 
1 3 R 1 9 44 5 . 3 0 50 . 5 0 - 1 3 2 . 0 0 1 5 5 2 4 9 0 11 
2 * 1 9'4 6 7 . 3 0 4 9 . 9 0 - 1 2 4 . 9 0 1 6 5 2 6 6 1 V 

2 1 H 4 6 . 5 0 5 3 . 9 0 - 1 3 2 . 1 0 d T 1 4 17 0 11 
2 2 7 1 OAS 5 . 5 0 5 0 . 3 0 -1 3 0 . 7 0 101 162 0 11 
2 2 7 1 94ft 5 . 5 0 5 0 . 30 - 1 3 0 . 7 0 1 01 162 0 11 
30 12 1 9 4 8 6 , 0 0 5 0 . 9 0 - 1 3 0 . 7 0 9 9 1 5 9 0 IV 
1 3 4 1 94 9 7 . 0 0 4 7 , 2 0 -1 2 2 . 6 0 3 5 7 5 7 4 0 11 
2 1 1 <1 4 9 3 . 00 5 3 . 7 5 - 1 3 3 . 2 5 2 9 4 4 7 4 1 V 
2 3 a 1 9 4 9 9 . 4 0 5 2 . 6 0 - 1 3 2 . 1 0 2 0 5 331 0 111 
2 9 7 1 9 4 9 4 . 6 0 5 0 . 0 0 - 1 2 9 . 0 0 5 0 81 0 11 

M 1 94 ' J 4 .HU b U . b U - 1 J U . O O fcH I 0 9 0 11 
2 ? 5 1 o«3 0 5 . 7 0 51 . 5 0 - 1 3 0 . 5 0 1 0 5 170 0 11 I 
2 7 9 19/51 5 . 5 0 4 9 . 0 0 - 1 2 9 . 0 0 1 1 6 1 87 0 11 
1 4 5 1 9 5 3 5 . 0 0 5 0 . 0 0 - 1 2 9 . 7 0 7 0 1 1 3 0 11 



20 5 1 9 5 3 5 . 5 0 5 0 . 00 - 1 2 9 . 7 0 7 0 1 1 3 0 11 I 
4 12 1 9 5 3 6 . 0 0 4 9 . 5 0 - 1 2 9 . 1 0 34 1 3 5 1 IV 

10 3 1 9 5 4 4 . 5 0 51 . 0 0 - 1 2 8 . 0 0 31 5 0 0 111 
1 9 2 1 9 5 6 6 . 8 0 51 . 7 0 - 1 3 1 . 4 0 1 4 6 2 3 5 1 I V 
2 3 6 1 9 5 6 6 . 3 0 4 3 . 8 0 - 1 2 9 . 3 0 1 3 3 2 1 4 0 111 
30 i 1 1 9 5 6 5 . 0 0 4 9 . 7 0 - 1 2 9 . 4 0 7 7 124 0 11 
2 1 1 2 1 9 5 6 6 . 7 5 51 . 8 0 - 1 2 9 , 2 0 8 5 1 3 7 2 
24 3 1 9 5 7 6 . 8 0 s o . n o - 1 2 9 . 7 0 7 0 1 t 1 3 V I 
1 6 1 2 1 9 5 7 6 . 0 0 5 0 . 0 0 - 1 2 7 . 0 0 7 8 1 2 6 I I V 
1 0 7 1 9 5 3 7 . 9 0 5 3 . 6 0 - 1 3 7 . 1 0 6 4 7 1 0 4 2 0 111 
1 5 1 19 5 9 4 . 20 5 0 . 5 0 - 1 2 3 . 9 0 21 34 1 IV 
2 6 8 1 9 5 9 5 . 7 0 5 2 . 2 0 -I 2 9 . 9 0 1 2 3 1 9 8 0 11 

4 7 t 9 6 0 6 . 0 0 5 2 . 0 0 - 1 3 1 • 0 0 1 4 3 231 0 11 I 
4 7 1 9 6 0 6 . 6 2 5 2 . 0 0 - 1 3 1 . 5 0 1 6 0 2 5 8 % I V 

1 2 9 1 96 0 4 . 9 0 5 0 . 6 0 - 1 2 9 . 6 0 4 9 80 0 111 
1 1 2 1 9 6 0 6 . 0 0 4 3 . 5 0 - 1 2 9 . 1 0 151 2 4 3 o 111 
•> 6 1 9 6 2 5 . 7 5 4 9 . 9 0 - 1 2 9 . 8 0 7 8 126 1 I V 

1 2 7 1 9 6 3 4 . 8 0 5 0 . 3 0 - 1 2 9 . 6 0 5 5 8 9 0 111 
-5 9 1 9 6 3 4 . 6 0 50 . 3 0 - 1 2 9 . 2 0 4 0 64 0 I 11 
2 9 1 9 o 3 4 . 4 0 5 0 . 4 0 - 1 2 9 . 1 0 3 2 5 2 0 111 
5 q 1 9 6 3 4 . 20 5 0 . 3 0 - 1 2 9 . 1 0 36 5 9 0 11 

31 3 1 9 6 4 5 . 7 0 5 0 . 7 8 - 1 3 0 . 1 2 7 2 1 17 1 I V 
2 1 2 1 9 6 5 3 . 1 0 5 0 . 5 0 - 1 2 8 . 5 0 1 0 16 0 111 
31 8 1 9 6 5 3 . 80 5 0 . 5 0 - 1 2 9 . 0 0 25 41 0 11 
1 1 9 1 9 6 5 4 . 7 0 5 0 . 30 - 1 2 9 . 5 0 51 3 2 0 111 
30 3 1 9 6 6 5 . 1 0 4 9 , 80 -I 2 9 . 9 0 36 1 38 0 11 
2 6 1 0 1 9 6 6 4 . 3 0 5 0 . 4 0 - 1 2 9 . 3 0 4 0 6 5 0 11 
2 9 4 1 9 6 7 5 . 3 0 5 1 . 10 - 1 3 0 . 1 0 7 7 1 2 5 0 111 
1 6 6 1 9 63 5 . 1 0 50 . 8 0 - 1 2 9 . 5 0 4 6 74 1 I V 
1 2 7 1 9 6 3 4 . 0 0 5 0 . 4 0 - 1 2 9 . 0 0 2 9 46 0 11 
1 2 7 1 9 6 3 4 • 3 0 5 0 . 3 0 - 1 2 9 . 6 0 55 3 9 0 [ 11 

9 1 96 3 4 . 6 0 5 0 . 5 0 - 1 2 9 , 4 0 4 2 6 8 0 111 
9 1 9 6 3 4 . 4 0 5 0 . 4 0 - 1 2 9 . 1 0 32 52 0 111 

5 q I 9 6 3 4 . 2 0 5 0 . 30 - 1 2 9 . 1 0 36 59 0 11 
1 5 12 1 9 6 3 4 . 00 51 . 0 0 - 1 2 8 . 8 0 2 8 4 5 0 11 I 
3 1 3 1 9 6 4 5 . 6 0 5 0 . 8 0 - 1 3 0 . 2 0 7 6 1 2 3 0 I 11 

3 9 I 9 6 4 5 . 0 0 5 0 . 5 0 - 1 2 9 . 5 0 4 6 7 4 0 I I I 
1 1 0 1 9 6 4 5 . 3 0 4 9 . 30 - 1 2 8 . 8 0 94 151 0 11 

1 2 6 1 9 6 5 4 . 9 0 5 0 . 2 0 - 1 2 9 . 7 0 6 2 1 0 0 0 11 
31 a 1 9 6 5 3 . 9 0 5 1 . 0 0 - 1 2 3 . 6 0 2 4 3 9 0 111 
I 1 9 106 5 4 . 9 0 5 0 . 00 - 1 2 0 . 5 0 6 3 1 02 0 11 
1 1 1 0 1 9 6 5 4 . 30 5 0 . 5 0 - 1 2 9 . 5 0 4 6 74 0 111 
1 1 10 1 3 6 5 4 . 2 0 5 0 . 3 0 - 1 2 9 . 3 0 3 7 6 0 0 11 

1 9 6 6 4 . 9 0 5 1 . 2 0 - 1 2 9 . 2 0 4 9 79 0 111 
30 "t 1 9 6 6 5 . 3 0 4 9 , 80 - 1 2 9 . 7 0 8 0 1 2 8 0 I I I 
20 1 9 6 6 5 . 0 0 5 0 . 2 0 - 1 2 9 . 7 0 6 2 1 00 0 111 

1 9 1 9 6 6 4 . 4 0 5 0 . 6 0 - 1 2 9 . 4 0 41 6 6 0 I I 
- 26 10 1 9 6 6 4 . 3 0 5 0 . 4 0 - 1 2 9 . 3 0 4 0 6 5 0 11 
2 9 4 1 9 6 7 5 . ^0 51 . 13 - 1 3 0 . 4 1 91 1 4 6 0 11 
2 7 a 1 9 6 7 5 . 1 0 5 0 . 2 0 - 1 3 0 . 0 0 7 4 1 19 0 11 
2 3 s 1 9 6 7 4 . 0 0 5 0 . 4 0 - 1 2 9 . 1 0 3 2 52 0 11 
2 8 8 1 9 6 7 4 . 5 0 5 0 . 4 0 - 1 2 9 . 6 0 5 2 8 4 0 11 
2 3 8 1 9 6 7 5 . 2 0 5 0 . 4 0 - 1 2 9 . 9 0 6 5 1 05 o I I I 

w 2 3 8 1 96 7 5 . 1 0 5 0 , 4 0 - 1 2 9 . 3 0 61 9 8 0 111 
1 ? 1 9 6 8 5 . 4 0 5 0 , 0 0 - 1 2 9 . 8 0 7 4 1 19 0 111 

13 3 1 9 6 9 5 . 0 0 5 0 . 1 4 - 1 2 9 . 9 6 7 4 1 2 0 0 I I 
3 1 1 1 9o 9 4 . 5 0 5 0 . 7 4 - 1 2 9 . 5 4 4 7 76 0 11 

2 4 6 1 9 7 0 6 . 5 0 5 1 . 7 5 - 1 3 1 . 0 2 1 3 4 2 1 6 2 IV 
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MODE F O R T H I S S I T E - - 1 . 7 7 
K F O R T H I 3 S I T E = 0 . 9 1 

A C C I O O FOR T H I S 5 I T E 

P R 0 8 A B I L I T Y 
OF ACC B E I N G 
E X C E E D E D IN 
ONE Y E A R . 

1 1 . 4 P E R C E N T G R A V I T Y 

ACC IN 
P E R C E N T A G E 
G R A V I T Y 

I N T E N S I T Y 
( M O D I F I ED 

M E R C A L L I ) 

E Q U I V A L E N T 
R E T U R N P E R I O D 
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-

3 . 
0 . 100 1 V 1 0 . 
0 . 0 3 3 4 V I 3 0 . 
0 . 0 2 0 6 V I I 5 0 . 
0 . 01 0 11 V I I I 100 • 
0 . 0 0 5 2 2 I X 2 0 0 . 
0 . 0 0 3 31 IX 3 0 0 . 
0 . 001 Q4 X 1 0 0 0 . 
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T A I L I N G DAM 

F I E L D AND LABORATORY INVEST IGATIONS 

1. INTRODUCTION 

T h i s a p p e n d i x d e s c r i b e s t h e s u b s o i l i n v e s t i g a t i o n s p e r f o r m e d i n 

t h e M i n e s t a i l i n g s dam a r e a . I n c l u d e d a r e t h e i n v e s t i g a t i o n s 

p r e s e n t e d i n o u r P r e l i m i n a r y F o u n d a t i o n R e p o r t o f N o v e m b e r 2 9 , 

1973 . D r i l l h o l e and t e s t p i t l o c a t i o n s a n d s u b s o i l p r o f i l e s a r e 

shown on Dwg. D - 1 8 3 6 - 5 . 

2 . F I E L D WORK 

The f i e l d i n v e s t i g a t i o n a t t h e s i t e c o n s i s t e d o f a t o t a l o f s i x 

m a c h i n e d r i l l h o l e s a n d 44 b a c k h o e t e s t p i t s , i n c l u d i n g t h e t e s t 

p i t t i n g d o n e f o r t h e p r e l i m i n a r y r e p o r t . The d r i l l was a 

L o n g y e a r 38 d i a m o n d d r i l l . P i s t o n s a m p l e s w e r e a t t e m p t e d a t 5 

f o o t i n t e r v a l s i n t h e u p p e r 15 f e e t and a t 10 f o o t i n t e r v a l s b e l o w 

15 f e e t . C o r e s w e r e o b t a i n e d when t h e h o l e s p e n e t r a t e d b e d r o c k . 

The d r i l l h o l e s w e r e g r o u t e d up a f t e r c o m p l e t i o n o f d r i l l i n g . 

( a ) Wes t Dam 

I n v e s t i g a t i o n s on t h e w e s t dam c o n s i s t e d o f 5 t e s t p i t s o n o r 

n e a r t h e dam a x i s a n d f o u r m a c h i n e d r i l l h o l e s ; t h r e e i n t h e 

v a l l e y b o t t o m a t t h e w e s t e n d o f L a k e and o n e i n a 

low s p o t n e a r some h a y f i e l d s t o t h e s o u t h . 
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The p r o f i l e on dwg. D - 1 8 3 6 - 5 shows t h a t t h e s i t e i s g e n e r a l l y 

u n d e r l a i n by g l a c i a l t i l l o r b e d r o c k w i t h s h a l l o w d e p o s i t s 

o f c o m p r e s s i b l e o r g a n i c s i l t s n e a r s u r f a c e i n t h e v a l l e y t o 

t h e w e s t o f L a k e and i n t h e h a y f i e l d s n e a r T H 1 0 0 4 . 

The g l a c i a l t i l l i s g e n e r a l l y d e n s e t o v e r y d e n s e a n d v a r i e s 

i n d e p t h f r o m a few f e e t t o o v e r 2 00 f e e t i n T H 1 0 0 1 . T h e 

g l a c i a l t i l l d e p o s i t s a r e p r e d o m i n a n t l y a s i l t w i t h s a n d and 

g r a v e l . C o b b l e a n d b o u l d e r s i z e s o c c u r t h r o u g h o u t t h e " d e p o s i t s . 

The u p p e r 3 f e e t o f t h e t i l l i s g e n e r a l l y w e a t h e r e d a n d 

c o n t a i n s w h i t e a l k a l i s a l t s . 

The b e d r o c k o u t c r o p s a r e h a r d r o c k b u t o f t e n f r a c t u r e d a t 

s u r f a c e . B e d r o c k was e n c o u n t e r e d i n TH1002 a n d T H 1 0 0 3 . 

( b ) E a s t Dam 

I n v e s t i g a t i o n s on t h e e a s t dam c o n s i s t e d o f 2 d r i l l h o l e s i n 

t h e v a l l e y b o t t o m a t t h e e a s t e n d o f L a k e a n d 10 t e s t 

p i t s s c a t t e r e d o n o r n e a r t h e dam a x i s . 

The e a s t dam i s a l s o u n d e r l a i n by b e d r o c k o r g l a c i a l t i l l o n 

t o p o f b e d r o c k . TH1005 e n c o u n t e r e d a c o n g l o m e r a t e b e d r o c k 

a t 105 f t w h i c h i n d i c a t e s t h a t t h e t i l l p r o b a b l y l i e s d i r e c t l y 

on t h e b e d r o c k . 

The c o m p o s i t i o n o f t h e g l a c i a l t i l l i s g e n e r a l l y t h e same a s 

t h e t i l l u n d e r t h e w e s t dam - p r e d o m i n a n t l y s i l t w i t h s a n d 

and g r a v e l w i t h some b o u l d e r s a n d c o b b l e s t h r o u g h o u t . 

The s u r f a c e s o i l s , h o w e v e r , a r e mo re c o m p l e x u n d e r t h e e a s t 

dam t h a n t h e w e s t . H i g h o n t h e l e f t a b u t m e n t h a r d b e d r o c k 

i s e x p o s e d , i n some p l a c e s q u i t e f r a c t u r e d . On t h e g e n t l e r 

s l o p e s b e l o w on t h e l e f t a b u t m e n t t h e r e i s up t o 10 f e e t 

o f s i I t y s a n d and g r a v e l o v e r l y i n g g l a c i a l t i l l . In t h e 
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v a l l e y b o t t o m s ha I l ow o r g a n i c s i l t s o v e r l i e t h e g l a c i a l 

t i l l . On t h e r i g h t ( s o u t h ) a b u t m e n t t h e b e d r o c k i s s h a l l o w 

o r e x p o s e d and t h e u p p e r 5 f e e t a r e h i g h l y f r a c t u r e d i n 

p l a c e s . Where n o t e x p o s e d , t h e b e d r o c k i s o v e r l a i n by g l a c i a l 

t i l l , s a n d a n d g r a v e l , o r t a l u s d e p o s i t s . 

( c ) S o u t h E a s t Dam 

The s m a l l s o u t h - e a s t dam was i n v e s t i g a t e d w i t h t w o b a c k h o e 

p i t s on t h e dam a x i s . In T P 5 0 5 a n d T P 5 0 6 , f r a c t u r e d b e d r o c k 

was e n c o u n t e r e d a t 7 f e e t a n d 4 f e e t r e s p e c t i v e l y . The 

b e d r o c k i s o v e r l a i n by s t i f f s i l t a t T P 5 0 5 w h i c h i s i n t h e 

low p a r t o f a s m a l l s t r e a m c h a n n e l a n d by w e a t h e r e d g l a c i a l 

t i l l a t T P 5 0 6 . 

( d ) S o u t h Dam 

F o u r t e s t p i t s w e r e e x c a v a t e d t o i n v e s t i g a t e t h e a x i s o f t h e 

s o u t h dam. The r e l a t i v e l y f l a t - s l o p i n g l e f t ( e a s t ) a b u t m e n t 

o f t h e dam i s c o v e r e d w i t h c l e a n s a n d a n d g r a v e l t o a d e p t h 

o f 3 f e e t w h e r e g l a c i a l t i l l i s e n c o u n t e r e d . T h e s t e e p 

e a s t s l o p e o f t h e m a i n g u l l y a p p e a r s t o be c o n t r o l l e d by 

b e d r o c k w h i c h o u t c r o p s a t s p o t s a l o n g t h i s g u l l y , T P 5 0 7 , 

i n t h e m a i n c h a n n e l o f C r e e k , s howed a f a i r l y n a r r o w 

w a t e r - b e a r i n g s a n d and g r a v e l d e p o s i t w h i c h a p p e a r s t o be 

l y i n g on b o u l d e r y g l a c i a l t i l l a t 5 f e e t . The r i g h t o r 

w e s t e r n s l o p e o f t h e dam a x i s i s o n d e n s e g l a c i a l t i l l . 

( e ) S e e p a g e R e c o v e r y Dam 

The s e e p a g e r e c o v e r y dam, l o c a t e d r o u g h l y 1000 f e e t d o w n s t r e a m 

o f t h e u l t i m a t e t o e o f t h e w e s t dam, was i n v e s t i g a t e d w i t h t w o 

t e s t p i t s on t h e dam a x i s . T P 5 0 1 , on low f l a t g r o u n d b e s i d e 

t h e s t r e a m , showed s o f t s i l t s a n d w a t e r b e a r i n g s a n d a n d 

g r a v e l o v e r l y i n g med ium d e n s e g l a c i a l t i l l a t 6? f e e t . The 

g e n t l y s l o p i n g dam a b u t m e n t s a r e o n d e n s e g l a c i a l t i l l . 

Klohn Leonoff Consultants Ltd. 
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3 . BORROW INVESTIGATIONS 

A number o f t e s t p i t s w e r e e x c a v a t e d t h r o u g h o u t t h e a r e a a t 

l o c a t i o n s w h i c h e x a m i n a t i o n o f a e r i a l p h o t o g r a p h s i n d i c a t e d c o u l d 

be p o s s i b l e s o u r c e s o f f i l t e r m a t e r i a l . A l t h o u g h some s m a l l 

g r a n u l a r d e p o s i t s w e r e f o u n d , t h e r e do n o t a p p e a r t o be a n y 

s o u r c e s l a r g e e n o u g h t o s u p p l y f i l t e r m a t e r i a l f o r dam c o n s t r u c t i o n . 

T e s t p i t s 510 and 5 1 1 , on t w o s m a l l e s k e r - l i k e r i d g e s n o r t h o f t h e 

C r e e k d a m s i t e , s howed good c l e a n s a n d a n d g r a v e l b u t i n 

s m a l l q u a n t i t y . A r o u g h e s t i m a t e shows p e r h a p s 5 0 0 0 c u b i c y a r d s 

i n e a c h o f t h e t w o e s k e r s . 

T e s t p i t s 5 1 9 , 5 2 0 , 521 a n d 5 2 2 , on s m a l I e s k e r o r o u t w a s h f e a t u r e s 

a t t h e f o o t o f t h e s l o p e s o u t h o f H u g h e s L a k e , and T P 5 2 4 , h i g h e r 

up t h e s l o p e o n t h e e a s t dam c e n t e r l i n e , showed r e a s o n a b l y c l e a n 

s a n d a n d g r a v e l t h r o u g h o u t t h e i r d e p t h . E a c h o f t h e s e f e a t u r e s 

on w h i c h t h e a b o v e p i t s a r e l o c a t e d i s e s t i m a t e d t o c o n t a i n r o u g h l y 

3000 c u b i c y a r d s s o t h e t o t a l d e p o s i t i n t h i s a r e a may c o n t a i n 

1 5 , 0 0 0 c u b i c y a r d s o f f i l t e r g r a v e l . 

The l a b o r a t o r y i n v e s t i g a t i o n s c o n s i s t e d o f v i s u a l e x a m i n a t i o n a n d 

c l a s s i f i c a t i o n o f s a m p l e s a n d d e t e r m i n a t i o n o f t h e i r n a t u r a l w a t e r 

c o n t e n t s . D e t a i l e d l o g s o f t h e d r i l l h o l e s a n d t e s t p i t s a r e 

a t t a c h e d . The a v e r a g e n a t u r a l w a t e r c o n t e n t o f t h e t i II i s r o u g h l y 

] ] % . F r om o u r e x p e r i e n c e t h i s i s s l i g h t l y a b o v e t h e o p t i m u m 

m o i s t u r e c o n t e n t f o r c o m p a c t i o n . 

S i e v e a n d h y d r o m e t e r a n a l y s e s w e r e p e r f o r m e d o n t w o s a m p l e s o f 

g l a c i a l t i l l . The r e s u l t s o f t h e s e a n a l y s e s a r e shown on a 

g r a i n s i z e c u r v e i n F i g u r e 1. 

4 . LABORATORY INVEST IGATIONS 
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The h i g h b l o w c o u n t s r e c o r d e d i n d r i v i n g t h e p i s t o n s a m p l e r 

i n d i c a t e t h a t t h e t i l l h a s h i g h i n - p l a c e d e n s i t i e s r e s u l t i n g 

f r o m h e a v y p r e c o n s o I i d a t i o n by i c e l o a d i n g d u r i n g g l a c i a t i o n . 

A s a r e s u l t o f t h e p r e c o n s o l i d a t i o n t h e t i l l s w i l l be a s t r o n g 

r e l a t i v e l y u n y i e l d i n g f o u n d a t i o n m a t e r i a l . 
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T A I L I N G S DAMS 

PLAC ING AND GRADATION RECOMMENDATIONS 

1. COMPACTED T I L L 

G l a c i a l t i l l p l a c e d i n t h e s t a r t e r dams , i m p e r v i o u s membrane 

and s e e p a g e c u t o f f dam w i l l be c o m p a c t e d t o a m in imum d e n s i t y 

e q u a l t o 95% o f t h e maximum d r y d e n s i t y a s d e t e r m i n e d by ASTM 

D - 1 5 5 7 - 7 0 ( M o d i f i e d D e n s i t y T e s t ) , I t i s e x p e c t e d t h a t t h i s 

d e n s i t y w i l l be a c h i e v e d by p l a c e m e n t i n l a y e r s n o t g r e a t e r t h a n 

9 i n c h e s b e f o r e r o l l i n g a n d by 6 p a s s e s o f a s h e e p ' s f o o t t y p e 

r o l l e r o f w e i g h t n o t l e s s t h a n 4000 p o u n d s p e r f o o t l e n g t h o f 

d r u m . A l l b o u l d e r s l a r g e r t h a n 6 i n c h e s i n d i a m e t e r w i l l be 

r e m o v e d f r o m t h e f i l l . T he o r i g i n a l g r o u n d s u r f a c e w i l l be 

s t r i p p e d o f a l l s o f t o r o r g a n i c s o i l s p r i o r t o p l a c i n g g l a c i a l 

t i l l . The w a t e r c o n t e n t w i l l be a d j u s t e d a s r e q u i r e d t o a c h i e v e 

t h e s p e c i f i e d d e n s i t y . 

F i n e f i l t e r s i n t h e dams s h a l l c o n s i s t o f c l e a n p i t - r u n s a n d a n d 

g r a v e l o r c r u s h e d w a s t e o r q u a r r i e d r o c k c o n f o r m i n g t o t h e g r a d a t i o n 

r e q u i r e m e n t s shown o n F i g u r e 2 . P r i o r t o p l a c i n g f i n e f i l t e r s t h e 

b a s e w i l l be s t r i p p e d o f a l l s o f t o r o r g a n i c m a t e r i a l s a n d 

w e l l c o m p a c t e d . I t may be n e c e s s a r y t o s c a r i f y and w a t e r t h e b a s e 

p r i o r t o c o m p a c t i o n . P l a c e m e n t o f f i n e f i l t e r m a t e r i a l s h a l l b e 

i n l a y e r s n o t g r e a t e r t h a n 12 i n c h e s w i t h o u t s e g r e g a t i o n o f p a r t i c l e 

s i z e s . C o m p a c t i o n o f t h i s m a t e r i a l s h o u l d be e q u i v a l e n t t o a t 

l e a s t 2 p a s s e s o f a h e a v y v i b r a t o r y r o l l e r . D u r i n g c o n s t r u c t i o n 

2 . F I NE F I L T E R 
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t h e t o p s u r f a c e o f t h e f i n e f i l t e r s h o u l d be k e p t a t a l o w e r 

e l e v a t i o n t h a n t h e t o p o f t h e c o a r s e f i l t e r t o e n s u r e d e f i n i t i o n 

o f t h e t w o z o n e s . E x t r a c a r e w i l l be t a k e n i n c o m p a c t i n g t h e 

f i l t e r s a t c o n t a c t s b e t w e e n z o n e s . 

3 . COARSE F I L T E R 

The c o a r s e f i l t e r s h a l l c o n s i s t o f s p e c i a l l y s e l e c t e d o r p r o c e s s e d 

w a s t e r o c k c o n f o r m i n g t o t h e g r a d a t i o n r e q u i r e m e n t s i n F i g u r e 2 , 

P l a c e m e n t o f c o a r s e f i l t e r s h a l l be i n l a y e r s n o t g r e a t e r t h a n 18 

i n c h e s w i t h o u t s e g r e g a t i o n o f p a r t i c l e s i z e s a n d c o m p a c t i o n s h o u l d 

be e q u i v a l e n t t o a t l e a s t 2 p a s s e s o f a h e a v y v i b r a t o r y r o l l e r . 

4 . COMPACTED R O C K F I L L 

R o c k f i l l p l a c e d i n c o m p a c t e d s e c t i o n s o f t h e dams s h o u l d c o n s i s t 

o f h a r d , d u r a b l e r o c k w i t h a maximum s i z e o f 2 4 " . R o c k s h o u l d be 

s p r e a d i n maximum 5 f o o t l a y e r s a n d c o m p a c t e d w i t h a t l e a s t 6 

p a s s e s o f a h e a v y v i b r a t o r y r o l l e r . 

5 . END-DUMPED ROCKF I L L 

End -dumped r o c k f i l l z o n e s w i l l c o n s i s t o f t h e m o s t d u r a b l e , c o a r s e s t 

w a s t e r o c k a v a i l a b l e a n d s h a l l be dumped i n l i f t h e i g h t s n o t 

e x c e e d i n g 100 f e e t . T h e r o c k f i l l s h a l l be s l u i c e d d u r i n g d u m p i n g 

w i t h a m in imum q u a n t i t y o f o n e v o l u m e o f w a t e r f o r e v e r y o n e 

v o l u m e o f r o c k . T h e t o p o f e a c h l i f t w i l l be t h o r o u g h l y s c a r i f i e d 

b e f o r e p l a c i n g t h e n e x t l i f t t o p r e v e n t f o r m a t i o n o f h o r i z o n t a l 

z o n e s o f low p e r m e a b i l i t y . 

Klohn Leonoff Consultants Ltd. 
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