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ERRATA

Should be "... 500 MW (net) unit..."
Should be "... 2000 MW (net) powerplant."
Should be "... 4 x 5300 MW (net) ..."

Should read "... equivalent to 6.19 mills/kW.h
at a capacity factor of 65Z.

. Should be "... create some 875 steady jobs at

the mine ...".

Should be "... circumference of around 8 km ..."

Should be "... to be 739 million tonnes ..."
Should be "... 746 million tonnes .,."

Note that expressions for X and Y based on Heating
Value in kJ/kg; graph is based on Heating Value
of MJ/kg.

Add this paragraph:— Maximum gradients used for
the mine roads are: (1) Haul roads 87 (2) Service

roads - 10%.

In the last sentence of the first paragraph it should

read "... not closer than 23 m to the crest ..."

Second and third sentences should read "o, 305
million bank @3 ..." and "... 134 millicn bank m°

«e." respectively.
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Page 5~45 3rd. para. Last sentence should read "... 29 million bank m~ ..."

Table 53-8 _ The cumulative column under the TOTAL section should

read:
Total
Cum,

9.37
30,99
75.78
125.90
142.08
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SECTION 1

INTRODUCTION

This mining report is the culmination of five years' work
by a task force of B.C. Hydro's Thermal Division and its consultants to
develop and to establish the feasibility of a base plan which, by adding
a 500 MW unit in each of four successive years, would exploit the rich
coal deposits of the Hat Creek Valley for the generation of electricity.
A mass of data has been accumulated and analysed, and a point has now
been reached when, both on practical and economic grounds, application
to the regulatory authorities for necessary licences may be made with
confidence.

While many options for the use of the Hat Creek coal
deposits have been explored during the past five years, the work in 1979
has concentrated on finalizing the base plan. This has now been achieved.
The plan, described in detail in the following sections, deals with the
extraction of part of the coal in the No. 1 Deposit by means of hydraulic
shovels, trucks, and conveyors, over the 35-year projected lifetime of a
2,000 MW powerplant. The mine mouth powerplant (which consists of 4 x
500 MW units) would be built on the top of the hill above Harry Lake.
Any changes to the base plan are likely to be minor and confined mainly
to advances in technology.

This report is based upon detailed consultants' reports,

and incorporates the results of extensive studies conducted in 1979 by
the Mining Department of B.C. Hydro.

In debating whether or not to go ahead with the Hat Creek
Project, it may be worth reflecting on how fortunate are the people of
British Columbia in possessing what appear to be the world's thickest
deposits of thermal coal, located furthermore almost ideally from the
point of view of access and mining. Using approximately only half of
the proven reserves in the No. 1 Deposit would fuel the powerplant for
35 years, leaving the balance, plus the untouched and much larger No. 2
Deposit, for the benefit of future generations. :

The energy crisils having forced a universal re-assessment
of coal as an energy resource, coal-owning countries are everywhere
engaged in constructing new mines for the purpose of generating power.
As an example, at a new coal field in South Africa, four mines have been



developed and are supplying fuel to three 3,600 MW powerplants. 4 fifth
mine, developed in less than four years from the planning stage to full
production, is now exporting substantial quantities of thermal coal.

The power generated from this single field will amount toc more than
seven times the proposed capacity of the Hat Creek Project. Closer to
home, Oregon and Washington are embarked on a 20-year program of con-
structing no less than eight thermal plants based on coal from a newly
developed field in Washington. A lengthening list of new mine con-
struction reflects the re-awakening of interest in coal as a source of
power.

It has been adequately proved that an efficient technology
exists to mine coal and burn it to produce electricity. This report
shows how such technology can be tallored to cope with the ceomplexities
of the Hat Creek No. 1 Coal Deposit. 8Should the project be approved, it
would result not only in British Columbia’s first major coal-fired
powerplant, but be the first step towards developing many possible
alternative industrial uses for the coal, and a significant broadening
of the base of British Columbia's whole economy.
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SECTION 2

SUMMARY

2.1 MINING STUDIES PERFORMED - APRIL 1974 TO DECEMBER 1978

Exploration Drilling

Extensive diamond core-drilling between 1974 and 1978
identified two deposits, the smaller of which is estimated to contain in
excess of 700 million tonmes. Since 1974, 270 core-holes totalling
75,800 m in length have been drilled. 206 of these holes, on a 150 m by
150 m grid-pattern totalling 54,000 m, have been drilled in the No. 1
Deposit. A further 19,800 m of drilling was completed in pursuit of
geotechnical, geohydroleogilcal, and other investigation.

The results of these drilling programs, which were
conducted under the supervision of Dolmage Campbell and Associates Ltd.
and the B.C. Hydro Mining Department, have provided the basis for
successive geological interpretations and evaluations of the quality of
the ccal in the deposit by DCA, CMIV and, most recently, by BCH.
Reserves in excess of 700 million tonnes have been established for the
No. 1 Deposit. The No. 2 Deposit has been identified as a potentially
much larger resource.

Geotechnical and Geohvdrological Studies

An assessment and exploration program initiated and
assigned to Golder Asgociates in 1976 has now established a safe overall
pit slope angle of 160, which can in some areas rise to 25, depending
on pit wall materials. The same studies have also established waste
dump design parameters. A satisfactory level of confidence in data
relating to mine design now exists.

A geohydrological program to determine whether pit slope
stability can be improved by reducing groundwater pressure has indicated
that limited depressurization can be achieved. Geotechnical monitoring
will have to continue throughout the life of the mine.



Mining Studies

PD-NCB Consultants, commissioned in 1975 to perform
conceptual design studies, recommended that future work should be
concentrated on the No. 1 Deposit, The Cominco-Monenco Joint Venture
were engaged in 1977 to undertake preliminary engineering design studies.
After investigating alternatives, their report submitted in 1978 recom-
mended a design for an open~pit mine to supply 350 million tonnes of
coal averaging 17.0 MJI/kg, on a dry basis, over a period of 35 years,
requiring the removal of 450 million m3 of waste. The proposed open-pit
would cover an area 3 km by 2.5 km and be 265 m deep, using a shovel-
truck-conveyor mining system, with coal-crushing, blending, and stock-
piling facilities at the mine mouth., Blended coal would be moved by
conveyor to the powerplant 4 km away and 500 m above the valley floor.
Waste would move by conveyor to disposal areas at Houth Meadows and
Medicine Creek.

The Bulk Sample Program

In 1977, a bulk sample of 6,300 t was excavated from two
trenches in the No. 1 Deposit for a burn test. This pilot-scale operation
provided valuable data on the mining, handling, and storage of coal and
waste materials. Equally valuable was the experience gained in using
hydraulic shovels. This proved that the coal can be satisfactorily
extracted without blasting, with the exception of a few isolated pockets
of rock.

Cozal Beneficiation

Bench tests and pilot-scale tests conducted in 1976
established the difficulty of washing Hat Creek coal. Further tests by
Simon-Carves on samples from the trenches using modified procedures
confirmed and explained the original findings. A pilot-scale test in
- 1977 involved a 73-t sample. This indicated that coal-washing (benefi-
ciation) was practical, though not justified at present for Hat Creek
coal on technical and economic grounds.



2.2 1979 STUDIES

- During 1979, the previocus mining studies were re—evaluated
. incorporating all the new data acquired in 1978. Major new studies were
conducted in the areas of Coal Quality, Pit Design, Production Scheduling,
Materials-handling, and Selective Mining. The results of these studies
were integrated with those parts of the previous studies that were
unchanged and a revised cost estimate and schedule was prepared.

The final results of this work program are presented in
detail in the remainder of this report. Some of the key results are:

(1) 331 million tonmnes of coal will be mined over the life of the .
powerplant, necessxtating the removal and disposal of approximately
427 million md of waste;

(2) The powerplant will be supplied with a blended fuel averaging
18.0 MJ/kg, 33.5% ash and (.51% sulphur on a dry-coal basis, with a
moisture content of 23.5%. This fuel will be supplied within a
tolerance of *1 MJ/kg on heating value;

(3) The improved coal quality results from the use of hydraulic shovels
applying selective mining techniques;

(4) The pit has been redesigned and the production rescheduled, which
has resulted in a major reduction in pre-production Strlpping from
20 million m3 to under 7 million m3,

(5) The Materials-handling System has been substantially redesigned and
conveyor belt widths generally have been increased from 1,200 mm to
1,400 mm;

(6) Peak manpower levels have been reduced from 1,005 to 875;

(7) The coal quality characteristics have been evaluated by a specialist
consultant and a boiler fuel specification produced;

(8) Summary of estimated mine costs (October 197% Canadian dollars)
1. Capital cost to full productien in
Year &4 (costs to end of Year 3) $248 million:

2. Pre-production operating costs to
start of commercial production in
Year 1 $55 million;



(9)

3. Additional capital costs during
project life (primarily for equip
ment replacement) _ $290 million;

4, Operating costs per tonne of coal during full pro-
duction range from $4.71 to $5.81;

Levellized fuel costs over the project life, uninflated and dis-
counted at 3%, are $0,567/GJ ($7.80 per tomne of coal), excluding
the cost of power consumed in the mining operation. This is
equivalent to 6.19 mills/kW.h. Power costs are $0.47 per tonne
based on 20-mill power.



2.3 CONSULTANTS EMPLOYED

The following consulting firms have performed assignments
related to the Hat Creek Mining Studies:

(1) Geological Exploration 1974-1978
Dolmage Campbell and Associates (DCA)

(2) Mine Conceptual Design 1976-1977
Powell Duffryn-National Coal Board (PD-NCB) in asso-
ciation with Wright Engineers Limited and Golder
Associates

(3) Geotechnics and Hydrology 1977-1978
Golder Associates

(4) Mine Feasibility Studies 1977-1978
Cominco-Monenco Joint Venture (CMIV) with sub-
consultants: North American Mining Consultants Inc.
(NAMCO); Simon-Carves of Canada Ltd.; MBB Mechanical
Services

(5) Materials-handling and Low-grade Coal Beneficiation 1979
Simon—-Carves of Canada Ltd.

(6) Coal Fuel Specification 1979
Paul Weir Company (WEIRCO)

{7) Geostatistics 1978-1979
Mineral Exploration Research Institute (IREM-MERI)

(8) Coal Deposit Computer Modelling 1978~1979

Mintec Inc.
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SECTION 3

A PROJECT DESCRIPTIGN

3.1 THE PLAN

The Upper Hat Creek Valley of South Central British
Columbia contains the thickest deposits of thermal coal so far dis-
covered in the world. An estimate suggests that up to 15 billion tonnes
could exist in the area, although only two deposits have so far been
identified which permit coal to be extracted by open-pit mining. Of
these, the No. 1 Deposit is estimated to contain over 700 million tonnes,
the No. 2 Deposit over a billion tonmes.

The Hat Creek Project is a plan to extract some of the
coal from the smaller No. 1 Deposit and to burn it for the purpose of
generating electricity. This would create some 1,000 steady jobs at the
mine, apart from 3,000 temporary comstruction jobs. Should the project
be approved and licensed, it would broaden the traditional base of
hydro-power generation in British Columbia by starting to use coal, a
major alternmative resource.



[ ot

3.2 A HISTORY OF THE PROJECT

The existence of coal deposits in the Hat Creek Valley
has been known for over a century, having first been reported in 1877 by
G.M. Dawson, of the Geological Survey of Canada. Since then, various
private titleholders have made sporadic attempts to mine the coal and to
sell it. They all failed for lack of markets and the ability to operate
on a sufficiently economic scale. More recently, substantial coal
reserves were identified in 1944. In 1957, a subsidiary of the B.C.
Electric Co. (a predecessor of B.C. Hydro) began a systematic exploratiom
of the deposits. These explorations have continued on an expanding
scale, culminating in a feasibility study which concluded that the
project would be both technically practical and economically desirable.
B.C. Hydro established a Thermal Division in 1974. 1Its engineers have
written this report.



3.3 THE LOCATION OF MINE AND POWERPLANT

While the mine is to be located in the Upper Hat Creek
Valley, about 200 km North-East of Vancouver, the location of the
powerplant is optional. Eight alternatives were considered. The site
chosen was largely dictated by envirommental imperatives - a hillside,
about 4 km from the open pit and at an elevation about 500 m higher than

the valley floor. Good dispersal of emissions 1is ensured by a chimney
rising an additiomal 244 m. '



3.4 THE RESQURCE: COAL

The quality of coal in the No. 1 Deposit appears to vary
over an unusually wide range, from less than 9.0 MJ/kg to 23.0 MJ/kg.
The overall average is 17.7 MJ/kg, approximately one-half that of high
quality bituminous coal found in the East Kootenays, the Rocky Mountain
Belt of B.C., and in the Eastern United States. Variations in the
quality of Hat Creek coal, added to the high moisture and ash content,
are problems that have been provided for in the design of the power-
plant., It has also been taken into account in studies leading to the
choice of the mining method: a process of selective mining and blending,
which will ensure production of a fuel averaging 18.0 MJ/kg, 33.5% ash
and 0.51% sulphur on a dry-coal basis, with a moisture content of 23.5%.
Geologically, 16 sub-zones have been identified in the Hat Creek (Coal
Formation. Two of these sub—-zones are largely composed of waste, with
the other 14 consisting of coal of wvarying quality.



3.5

THE PROJECT

Design studies have defined the major constraints and

requirements of the project which faatures:

(1)

(2)

(3)

(4)

(5)

(6)

A large open~pit mine, with adjoining waste dlsposal areas, at the
North end of the Hat Creek Valley;

A powerplant containing four coal-fired boilers, operating steam—
driven turbine generators, located on high ground some 4 km East of
the open pit;

A combination of hydraulic shovels, trucks, and belt coaveyors, to
mine and move both ceal and waste;

A diversion of Hat Creek and Finney Creek around the open pit with
the necessary headworks, spillways, canals, etc.;

A cooling water reservoir supplied by a 21 km buried pipeline from
a pumphouse on the Thompson River;

Two large waste disposal areas, which would gradually be covered
with topsoil and landscaped.



3.6 THE MINING METHOD

A plan has been drawn up whereby part of the No. 1
Deposit would supply coal for operating a 2,000 MW powerplant over a 35-
year lifespan., The coal would be mined from an open pit developed to a
depth of 235 m below the valley floor. There is enough coal above this
elevation to meet the planned requirements of the powerplant. In Year
35, the open pit would measure approximately 4 km by 2% km, with a
circumference of around 16 km. The surface area of the hole would
measure around 598 ha.

Berms (benches) about 18 m wide would step down to the
pit bottom, with overall slopes at an angle varying from 16° to 250,
based on geotechnical calculations. It is proposed to remove 331 million
tonnes of coal over 35 years, together with 427 million m3 of waste
materials, some of which would be stockpiled for comstruction needs.

A ramp would be cut towards the heart of the No. 1
Deposit for the main conveyors installed to transport coal and waste up
to the surface. Some of the topsoil would be stockpiled for use during
reclamation. Both coal and waste rock would be mined by using large
hydraulic shovels and trucks. The trucks would haul both coal and waste
to loading pockets at the conveyor where, after brushing to ~200 mm, the
material will be transported to the top of the ramp for subsequent
distribution along another system of conveyors.

The coal would be mined according to a plan designed to
provide a mixture of the right gquality. Coal of poorer quality would be
moved by conveyors to a dry beneficiation plant, where some of the
impurities would be removed by a crushing and screening process which
would railse the heating value to an acceptable level. Cecal not requiring
beneficiation would move direct to a coal preparation area, where it
would be screened, crushed to -50 mm, and conveyed to the Coal Blending
Area. Here slewing stackers using the Windrow Method would build up
stockpiles of blended fuel ready to be reclaimed and tramsported by an
overland conveyor to the powerplant.

The waste material would be moved by conveyors to either
of two waste dumps, the larger in Houth Meadows, the smaller in the
Medicine Creek area. Both dumps were chosen because their location,
though conveniently adjacent to the open pit, would not interfere with
future mining. Houth Meadows 1s expected to take all the waste excavated
during the first 15 years, with both dumps being used from Year 16 on.
Medicine Creek will also be used to dump the anticipated 10,000 t/d of



both fly-ash from the electrostatic precipitators and bottom-ash from
the furnace bottoms. Both waste rock and ash would be spread in the
dumps by stackers, and all dump surfaces would ultimately be levelled,
contoured, and landscaped when the mine closes. '



3.7 THE POWERPLANT

The powerplant, with four 500 MW (net) units, would be
located on high ground near Harry Lake, some 4 km East of the open pit.
The ground level of the powerplant is 1,410 m above sea level, which is
about 500 m higher than the ground level at the surface at Open Pit
No. 1.

Each water tube boiler would be about 93 m high, with
furnace dimension about 18 m square, followed by numerous surfaces
containing steam and/or water, to which hot gases leaving the furmace
transfer heat. At full load each boiler would consume about 407 t/h of
typical Hat Creek coal to produce 1,750 t/h of high-pressure steam.

Electricity would be generated in the powerplant by four
steam turbine-generators, each capable of generating 560 MW (gross) for
a total net capacity of 2,000 MW.

At the turbine exhaust, a condenser condenses the steam
to water after it has dome its work. The water is then returned to the
boiler to be converted into steam, which is a closed cycle. A condenser
does, however, require large quantities of cold water flowing through it
to condense the exhaust steam. In providing cooling for the condenser,
the cooling water itself warms up, and the heat it has gained must be
dissipated. As it would be harmful to the enviromment to discharge this
heated water into the natural water system, the Hat Creek method of
cooling provides for two cooling towers, each rising to a height of
135 m. The heated water leaving the condensers is piped into the cooling
towers, where it is allowed to cascade down to the bottom, passing in
droplet form over a latticework. Air flowing upwards through the tower
is heated as the water is cocled, most of the heat transfer being latent
heat from the portion of the water which evaporates. Make-up water must
be added to replace this evaporative loss to the atmosphere. This is
pumped from the plant reservoir, containing roughly a two-month supply.
The reservoir is replenished from the Thompson River through a 21 km
buried water pipeline.



3.8 POWERPLANT EMISSIONS AND WASTE

A vital factor in the powerplant design and operation is
an acceptable environmental impact. Both air and water quality control
systems have therefore been incorporated into the design.

Air quality measures include location of the plant high
above the valley, a 244 m high multiflue stack, and cold electrostatic
precipitators, capable of trapping 99.55% of the particulates. Space
has been left for possibly adding, later, flue gas desulphurizatiom.

Hat Creek performance c¢pal contains only 0.517 sulphur on a dry basis.
When abnormal atmospheric conditions are predicted which may cause
ambient SOp levels to increase, a MCS (Meteorological Control System)
will be applied. This will involve either switching to low-sulphur coal
or reducing the load. Oxides of nitrogen emissions will be controlled
by appropriate design and operation of the boilers.

10,000 t of ash will be produced daily. Fly-ash will be
wetted and conveyed, with bottom-ash, to a "dry" disposal area in the
Medicine Creek Valley below the dam for the plant reservoir. Bottom-ash
will be continuously removed from below the boilers. The ash disposal
area would be progressively covered with topsoil and landscaped over the
lifetime of the project.



3.9 . TWQ KEY AREAS: DRAINAGE AND RECLAMATION

Both drainage and reclamation of disturbed land are
related and inter-acting. With several difficult landslide areas along
the West side, a comprehensive mine drainage plan is a pre-condition of
successful mine development. The drainage plan developed for Hat Creek
is designed to meet the difficult ground conditions revealed by explo-
ration. It includes an inter-locking system of diversions, dikes,
ditches, de-watering wells, and the provision of lagoons to trap sedi-
ments and leachates. Prier to construction, an area of ponds and lakes
would be drained of water which might mobilize the already unstable
ground in the slide areas.

In terms of environmental protection, the drainage plan
ensures that water-borne contaminants will be trapped and disposed of;
enly water purified to an acceptable degree will be allowed to re-enter
the natural water courses, Flows will also be handled in such a way as
to re-establish wetland habitats for wildlife.

The guiding rule governing land reclamation would be to
reclaim progressively those areas which permit restoration concurrently
with operation of the mine (e.g. the ash dump in Medicine Creek), and to
budget for extensive reclamation once the mine closes. 96% of the land
disturbed during the lifetime of the mine (except the open pit) will be
levelled, contoured, covered with topsoil, and seeded or re-planted with
shrubs and trees, the objective being to restore it as closely as
possible to its former condition. Most of the remaining 4% would be
accounted for in the need to retain access roads, reservoirs, drainage
ditches and the like for the purpose of continued monitoring of water
quality, etc. It is estimated that this reclamation program will cost
540 million over the lifetime of the mine.

3-~10
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SECTION 4
GEQLOGY

4,1 INTRODUCTION

This report summarizes all the geological, geophysical,
and coal quality data for the No. 1 Deposit, based on a 152.4 m grid.
Statistical studies for the wvarious parameters show a high level of
confidence, from which it i1s concluded that the geological data are
adequate for mine planning.

To determine chemical properties of the coal deposits,
proximate, ultimate, and ash analyses were made on the core samples at
Commercial Testing Laboratories and General Testing in Vancouver, and
Loring Laboratories in Calgary. In order to improve techmical control
and expedite analytical work, a field laboratory was set up for the
1977/78 exploration program to handle routine proximate analysis,
thermal value determination, sulphur, and screen analysis. All sampling
and analytical procedures followed American Society for Testing and
Materials' (ASTM) standards.

Samples were also provided for washability studies at the
laboratories of Energy, Mines and Resources in Edmonton, Birtley
Engineering (Canada) Limited, and Warnock Hersey Professional Services
Ltd., in Calgary. Warnock Hersey also conducted wet attrition tests to
simulate size degradation in a washing plant and wet screen analyses of
the low-grade coal for any possible beneficiation.



4.2 EXPLORATION AND DEVELOPMENT

In the earlier stages of exploration, between 1925 and
1959, 22 diamond-drill holes aggregating 4,375.8 m were drilled. This
indicated the potential of a large low-rank coal deposit in the Hat
Creek Basin.

In 1974, B.C. Hydro initiated a detailed exploration
program to define the limits, structure, and coal quality of the Hat
Creek Basin,

Golder & Associates were retained as consultants for the
geotechnical studies, including slope stability, foundation, and geo-
hydrological investigation which formed an integral part of the overall
program.

Till 1977, the geological drilling and exploration
program was conducted by Dolmage Campbell and Associates. Subsequently,
B.C. Hydro took over the responsibility of running the program. 1In the
total program, 206 exploration holes (54,037 m), 151 geotechnical holes
(7,996.7 m), and 117 holes (2,117.7 m) for surficial material investi-
gation,. bulk sampling, and other studies, aggregating 73,860.3 m, were
drilled. (Table 4-1)

Under the same program, 64 holes (21,800 m) were drilled
in the No. 2 Deposit South of the No. 1 Deposit., Though the reserves
indicated were larger than those of the No. 1 Deposit, the mining and
economic conditions were not as favourable. Consequently, no further
drilling was considered at this time.

Regional surface geophysical surveys, especially gravity
and magnetometer, have helped in delimiting the coal depesit and identi-
fying the distribution of the denser materials - i.e. burnt zome rocks

and velcaniec rocks.

Aerial photographic surveys were carried out to provide
topographic maps and control for exploration work. Elevation control
was established by running third-order levels from the geodetic bench
mark near the junction of Highways 12 and 97. Additional survey bench
marks established by McElhanney in 1976 served as ground control in the
area.

After drilling was completed, the drill sites were
cleaned, levelled, and restored to the natural ground contours before
seeding with a mixture developed for use in the Hat Creek region.



$.2,1 ’ Geophysical and Geological Logging

All holes were geophysically logged (Gamma Ray and
Density) on a scale of 1:250. Geolographs provide data on the rate of
penetration versus bit pressure and bit rpm versus pump pressure. Gamma
ray and density log peaks were used to identify marker horizons and
varying lithologies throughout most of the deposit, thus providing a
means of sub~zone correlation between drill holes. Gamma ray log peaks
essentially reflect claystone interbeds (partings) with relatively high
radiocactive K~ion content. The corresponding density log reflects the
variation in density of the rock and coal or coaly material.

Five ranges of the API (American Petroleum Institute)
values were established to represent coals of varying ash content and
waste bands. These were plotted on cross sections to aid in the inter-
pretation of the lithofacies distribution and structure of the deposit.
Correlation of the data led to the concept of 16 sub-zones within the
four major zones recognized earlier.

Cores obtained from drilling have been geclogically
logged; the lithological and structural characteristics, mineralization,
etc., have also been recorded. All the cores have been indexed and
preserved in core sheds at the site.

4,2.2- Coal Sampling

Systematic analytical work was conducted, applying a 6 m
maximum sampling interval for proximates, thermal values, and sulphur
determination; and 12 m - 18 m maximum for mineral-ash analyses, fusibility,
grindability, and other tests. As a rule, the sampling intervals were
required to correspond to the natural boundary of the homogeneocus coal
as reflected by the geophysical logs. The cores were split in half
along their length and bagged for chemical tests. The other half were
stored for future reference. Since 1977, all the samples were run at
B.C. Hydro's laboratory located at the site. Check samples were regularly
sent out to commercial laboratories.



4.3 GEOLOGY

4,3.1 Stratigraphy

The tertiary sediments in the Upper Hat Creek Valley were
deposited in a Northerly-trending topographic depression in the South-
West part of the Intermontane Belt of the Canadian Cordillera. The
mountains bordering the valley range in age from Permian to Cretaceous.
The valley floor is underlain by tills and glacio-fluvial deposits
subsequent to the Pleistocene glaciation. Table 4-2 summarizes the
general stratigraphy of the region. -

The coal-bearing section belongs to the Hat Creek Formation
of the Eocene Epoch deposited 36 to 42 million years ago. It is under-
lain by the Coldwater Formation consisting of detrital sediments and
overlain by poorly consolidated bentonitic claystone and siltstone beds
of the Medicine Creek Formation. These beds were subjected to glaciation
and subsequently overlain by glacio-fluvial material.

: Based on lithology, coal quality, and geophysics, the Hat
Creek Coal Formation was sub-divided into 16 sub-zones. Two of these
sub-zones, A-6 and C-1l, are essentially waste and coaly shale units,
while the remaining 14 represent coal of varying quality. Table 4-3
illustrates a scheme for the development of the stratigraphic sub-
" division of the Hat Creek Coal Formationm.

A typical sub-division is illustrated in Figure 4-1.
4.3.2 Structure

The regional structure of the Hat Creek Coal Basin is a
North-trending graben flanked on both sides by gravity faults. Transverse
faults have offset the graben in places.

The primary structure in the No. 1 Deposit consists of
two anclines separated by an anticline, plunging at an average of 15
to 17  towards the South-South-West. It is truncated on the South and
East by steeply dipping boundary faults (Figure 4-2). Repetition of



stratigraphic sections has been observed in some of the drill cores.

Such overturning is due to local reverse-faulting, which is probably

also responsible for the anomalous thickness of detrital sediments
encountered in the Western sector. These compressive forces do not
appear to be strong enough to cause a major regional uplift. Undoubtedly,
the general facies change in this direction has significantly contributed
to the thickening of the waste material zone (Figures 4-3, 4-4A, and
4=-4B),

4,3.3 | Burn Zone

The "Burn Zone'" is characterized by pink to yellowish-
brown coloration on North and South walls of Trench A, in outcrops North
of Trench A, and in several of the cores. The rad coloration is due to
the formation of iron-oxide by baking of ferrous oxide and hydroxide of
the clay. The well-preserved structure of the original sediments and
the vesicular nature of the burnt material suggest the effect of burning
of the cocal. The interlayered and enclosing claystones were baked in
this process. The coals were ignited by spontaneous combustion or
forest fires, though the volcanic activity in the adjoining area could
also have been partially responsible.

4.3.4 Trench Geology

In 1977, three trenches were excavated in the Northern
half of the deposit. O0f the three trenches, Trench A and B were excavated
to provide bulk coal samples for testing burning characteristics at the
Battle River Powerplant in Alberta. Trench C provided information om

the stability of the claystone highwall,

Trench A: This exposed B-zone coal and the contact with
underlying Cl claystone at its West end and the collapsed burn zone
material in contact with coals at the East end.

Bedding plane shearing, contorted folds, and faults have
been observed. Large sections of petrified wood with pyritic inclusions
were observed at the contact of coal and Cl claystone.



Trench B: This exposed the D-zone coal, representing the
earliest phase of thick coal deposition. It was marked by an abundance
of petrified wood up to 12-15 m long. The coal was hard, compact, and
massive, with a thin film of siderite and a cluster of very fine pyrite
crystals along the fracture planes.

Trench-C: Trench C excavation showed the sliding of the
older Coldwater Formation over the younger glacial till. The failure of
some of the faces indicates material weakness due to water seepage and
swelling of the bentonitic claystone.



4.4 DEPOSITIONAL ENVIRONMENT OF THE HAT CREEK COAL FORMATION

Some 40 million years ago, peat deposition began in a
generally broad North-trending marsh with little or no circulating
water. The favourable climatic conditions, aided by the slowly sinking
basin throughout the period of D-zone deposition, accounts for the
immense thickness of the virtually uninterrupted coal mass. When the
equilibrium was disturbed by rapid sinking, the basin was cyclically
flooded by fresh water, leading to the deposition of numerous partings
in the coal measures following D-zone deposition. The Western and the
South-Western margins of the peat basin received fluctuating amounts of
coarse sediment, resulting in rapid lithofacies change from coal to
coarse sandstone, particularly in rock member sub-zones A-6 and C-1
which thicken significantly towards the South and West. In the centre
and North-East of the peat basin, the rates of subsidence and deposition
were about equal, and the effect of the silty sediment from the Western
stream was minimal, allowing the continued accumulation of plant debris
to proceed uninterrupted.

The Interior Plateau region was affected by volcanic
activity contemporaneous with the peat deposition. The widespread
occurrence of ash beds in the coal measures reflects these episodes of
volcanic eruptions.



4.3 COAL QUALITY

Systematic amalytical work was conducted on all cores,
applying a 6 m maximum sampling interval for proximates, heating values,
and sulphur, and a 12 to 18 m maximum for mineral-ash analysis, fusibility,
grindability, and other tests.

In 1977, 7,000 t of sample coal was transported to Battle
River Powerplant in Alberta for techmological evaluation of its burning
characteristics. This program demonstrated that a typical Hat Creek
coal can be handled, pulverized, and burned in a commercial powerplant.

Washability tests were performed on the above sample.
Earlier studies on bulk-auger samples had indicated an imbalance in size
consist due to excessive size degradation in the washing process affecting
the actual recovery values. Subsequent wet attrition tests, at Warnock
Hersey in Calgary, explained this anomaly.

4.5.1 Ash and Heating Value

The dry-ash vs. heating value MAF (Moisture Ash Free)
regression analysis of the three holes, DH 135, 136, and 274, in the
central part of the basin indicates a linear relationship for samples
from the A, B, and C-zones with less than 60% ash {(db). The plot for D=
zone from the same holes shows an almost identical trend. This is
indicative that the coals from various zones have the same rank. To
establish a practical ash vs. heating value (db) regressicn line (Figure
4-5), and the analytical values (Table 4-4) for all the coals within the
deposit with the exclusion of those below the cut-off grade, were
included in the regression analysis.

The ultimate analysis is required to calculate the net
heating value of the coal and to establish the emission levels of oxides
of sulphur and nitrogen.



The average values for Hat Creek coal are:

C = 46.2
H = 3.6
0 = 15.4
N = 0.9
Cl= 0.03
§ = 0.51
4.5.2 Mocisture Determination

One of the most critical parameters in coal analysis is
the determination of "in-situ" moisture.

In the exploration stage, where heavy reliance is imposed
on drill cores, it is not possible to get cores in their natural state
because of the drilling-water contamination. To improve this situation,
"equilibrium moisture" as per ASTM (1412-56) was determined. This
tended to be higher than true "in-sgitu'" moisture, as coal in nature is
more compact and not always saturated te the optimum level that the ASTM
calls for.

Tests run from 1957 to 1976 produced an average equi~-
librium moisture of 24.2%Z.

The 1978 5A Drilling Program incorporated a careful
moisture analysis program. The sampling procedure involved the following
steps:

(1) Taking 10 cm samples every 15 m in coal;
(2) Taking the sample immediately after it came out of the core barrel;
(3) Wiping the surface moisture off with a rag;

{(4) Sealing the sample in plastic wrap and tape;

(5} Resealing the sample in a plastic tube with the air squeezed out
and the end heat-sealed. '



The results for 121 samples showed an average total in-
situ moisture of 21.86% (with a standard deviation of 4.14% and a
standard error of the mean of 0.38%), average ash (db) 28.18%.

Moisture in coal is present in two forms: surface and
bonded. The surface (or air-dried) moisture is readily lost when
exposed to the atmosphere. The mean value obtained for 2,600 samples
tested for air-dried moisture was 12.97% with a standard deviation of
5.73% and a standard error of the mean of 0.11%.

The residual or bonded moisture is determined by heating
an air-dried sample for an hour at 110°. Normally the coal will re-
absorb this moisture when exposed to the atmosphere. The mean value of
over 4,000 residual moisture tests was 9.06% with a standard deviation
of 4,75% and a standard error of the mean of 0.07Z%.

Studies conducted by the Paul Weir Company have predicted
a mean total moisture content for run-of-mine coal of 23.5%.

4.5.3 Sulphur Distribution

Initial studies on sulphur distribution in the No. 1
Deposit showed an average value of 0.51%, of which approximately 717 was
organic, 25% pyritic and 4% sulphate.

Table 4=5 shows the distribution of the forms of sulphur
by zone and for the whole deposit.

‘

Recent studies indicate that the distribution is not as
erratic as was thought earlier. In many sections within the sub-zones,
continuity in sulphur distribution is observed. There are distinct
bands in the sub-zones that contain a high sulphur concentration. High
sulphur concentration has been identified in the top 3 m of Al sub-zone
coal and at the bottom of the B2 sub-zone. The identification of such
sections will have a direct impact in controlling the sulphur content of
the run~of-mine coal,

Some of the other broad conclusions are:

(1) The Western sector of the deposit shows higher sulphur than the
Eastern sector;
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{2) A-zone contains the highest average total sulphur, while B-zone
contains the highest local concentrations.

Sulphur is discussed further in Section 4.7.2 on
Geostatistics.

-~

4.5.4 Mineral Analysis of Ash, Ash Fusibilitv and Grindability

The major comstituents of the coalwash average 52.6%
$10; and 28.3% Al;03 may be of interest for alumina extration. The
analyses of ash from the four zones show no appreciable difference,
indicating the source material for the ash remained unchanged throughout
the coal deposition.

The ash deformation temperature is indicative of its
physical behaviour ar combustion temperatures. The range from initial
deformation to fluid temperature suggests the fouling conditions of the
boiler.

The average initial degormation temperature, taken over the
entire deposit, is in excess of 1,400°C, the limir of most of the laboratory
furnaces.

The Hardgrove Grindability Index for D-zone is lower than
the A, B, and C-zone coal. The normal range of HG Index falls between 38
and 50.

4.5.5 Specific Gravity

The specific gravity of coal was determined on small pieces
of coal cores by the water displacement method after the sample had been
fully saturated with water. As there was no significant difference between
the specific gravities of cocal from different zones for a given ash value,
one common regression curve was developed:

Specific Gravity = 1.21104 + 0.00738 x AshZ
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The average of 1,584 waste samples gave a specific
gravity of 1.93. For calculation purposes a specific gravity of 2.00
was considered as more conservative,

The burn zone material averaged 2.16.

These values were used in reserve estimation.

4 - 12



4.6 COAL RESERVES

4.6.1 Intreduction

The coal reserves for the Hat Creek No. 1 Deposit were
calculated using a computer model. The selection of the modelling
technique was controlled by the necessity to accurately reflect the
complex structure, and to handle the variability of the coal density and
guality. Other important criteria were: the ability to produce adequate
displays for verifying and using the model; the ease of making changes
for the addition of new data or for correcting errors; and the flexibility
to adapt to changing requirements.

7 The technique selected was to construct a cross-sectional
model using the Variable Block Model (VBM) method developed by Mintec
Inc. Using this method makes it possible to produce a model that
accurately duplicates the geologist's interpretation on each section
with assigned quality values for each block.

4.6.2 - Development of the Variable Bloeck Model

4,6,2,1 Developing Reserve Blocks

The geological zones and structural features were digitized
from cross-sections using an electronic digitizer. Cross-sections were
then plotted by the computer on the same scale as the originals for
checking.

On each cross-section the sub-zones were sub-divided by
faults and further sub-divided equally into smaller blocks less than
200 m in horizontal length.

The top and bottom surfaces of each block coincide with
the sub-zone boundaries, which produces a block of wariable thickness
conforming to the geological interpretation. Each block is projected
halfway to the adjoining cross-sections: 76.2 m North and South.

When the block definition process is completed the data
is stored in the "Geometry File".

4 - 13



4,6.2.2 Qualitv Assignment to Blocks

Composite sample values were calculated for each sub-zone
in each drill hole. The individual samples were weighted by their
length and specific gravity. The composite values were computed in two
different ways. The first method combines all the samples, both coal
and waste, for a given sub-zone and drill hole, which effectively
assigns the whole intersection to either coal or waste at a given cut-
off grade. This method represents non-selective mining. In the second
method, the coal and waste samples were accumulated separately provided
that they formed part of a band greater than 2 m in thickness, which
reflects selective mining capability. Bands less than 2 m thick were
combined with the adjacent samples. . The split between coal and waste
was defined by an assigned cut-off grade. Using the second method
generated additional data for storage: coal thickness, waste thickness
and the number of coal/waste contacts.

Quality values were calculated for each block using the
inverse square of the distance method applied to the distance between
the block centre and the mid-point of the composite sample used. The
search distance used was 175 m North-South and 500 m East-West. If the
closest composite contained no coal, then none was assumed to exist
within the block. In the interpclation of blocks using the selective
mining methed the volumes of ccal and waste in the block were estimated
in proportion to the ratio of coal to waste thickness.

Blocks outside the search distance were classified as
"undefined" and no quality values were assigned. Undefined materials
were assumed to be waste in the A6 and Cl sub-zones and to be coal in
the remaining sub-zones. The undefined coal is considered to be in the
category of "Possible Reserves'.

The specific gravity of coal was calculated from the
formula:

S.G. = 1.211 + 0.00738 (% dry-ash).

Burn zone material was assigned a specific gravity of
2.16, and other waste 2.00 (see Section 5.2.5.2).

These factors were used in developing the composite
sample values and in reserve calculations. In the "undefined" coal
blocks calculations were based on the average specific gravity for the
sub—-zone.
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Block values can be calculated for either the selective
or non-selective mining cases and for different cut-off grades. Each
set of block values is stored in its own "Quality File". In this study
four "Quality Files'" were prepared: for both mining cases each at two
different cut-off grades - 9.3 MJ/kg and 6.98 MI/kg.

4.6.2.3 Application of the Variable Block Model

The "Geometry" and '"Quality" files can then be used for
calculating the reserves within a designed pit or for the total deposit.

4.6.3 Reserves

1. Selective Mining

The proven and probable coal reserves of the Hat Creek
No. 1 Deposit have been computed to be 739,523 million tonnes with a
heating value of 17.71 MJ/kg, ash content 34.82% and sulphur content of
0.51%. The possible reserves are an additional 45 million tomnnes.

These figures are for the proposed mining method of
selective mining with removal of 2-m partings and a cut-off value of
9.3 MI/kg. Table 4-6 and Table 4-7 show the distribution of the reserves
by sub-zones and by 100-m bench elevations.

2, NOn—selectiVE'Mining

If no waste parting removal is considered, then the
reserves of the No. 1 Deposit based on a cut-off value of 9.3 MI/kg
would be (as shown in Table 4-8) 746,058 willion tonnes coal at 16.72 MI/keg,
37.73% ash, and 0.467% sulphur.

Table 4-9 illustrates what the coal reserves would be if
the cut-off value was lowered to 6.98 MJ/kg.
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4.7 GEQSTATISTICS

4.7.1 Preliminary Studies

The objectives of a geostatistical study is to measure
the degree of continuity in a parameter (e.g. heating value, sulphur)
throughout the deposit. With a2 knowledge of the degree of continuity,
block values may be developed and an estimate made of the error of
estimation.

Preliminary studies were assigned to Mineral Exploration
Research Institute (IREM-MERI) to investigate the spatial distribution
of heating value and sulphur.

An initial study of 14 sub~zones showed good continuity
of heating value in the coal zones. The Inverse Square Distance Method
(ISD) approximates the good continuity which was found to exist in the
coal zones.

4.7.2 Sulphur

Initial studies of sulphur variation indicated poor
continuity. However, many additional sulphur values were determined and
incorporated in a geostatistical study of the total sulphur distribution
in the deposit. Varilograms were developed for each sub-zone and re-
viewed with IREM=-MERI. With the additional data, good variograms, which
indicate continuity and predictability, were obtained for 10 of the 16
sub-zones. The remaining six sub-zones showed random sulphur distribution.

Figure 4-6 presents a sample variogram.

The results of the variogram calculations are summarized
in Table 4-10.

The parameters shown in Table 4-11 were used to produce
estimates of the sulphur content of all the blocks contained within each
sub-zone by kriging, The kriged block values were input to the Variable
Block Model for use in reserve and pit evaluation calculations.
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Table 4-~12 shows a sample of the results obtained from
kriging the block sulphur values in a portion of the A5 sub-zone. Two
important conclusions are drawn from this table:

(1) The standard error of the individual blocks does not substantially
deviate from the average value of 0.081;

(2) A large number of intersections were found to krige each block.

This indicates that in the A5 sub-zone, where sufficient
data has been gathered, a confidence interval of 10% can be expected for
the block mean at a 68% (1 S.D.) precision level. Individual blocks
will vary up or down from this figure.

Additional tests indicated a 12% confidence interval for
the two B sub-zones at a 687 precision level and a 20% confidence
interval for D1, D2, and D4, The impact of the lower precision in D-
zone is small because of the low average sulphur content. It must be
emphasized that the previous precision figures do not apply to the six
sub-zones that exhibited random behaviour. The distribution of these
six sub-zones are predicted by classical statistics and shown on Table
4-10. ‘

The precision figures were calculated for 75 m x 75 m
blocks. During the mining phase, the confidence interval will be
improved by:

(1) Drilling to test the quality distribution ahead of mining on a
smaller spacing than the present 150 m x 150 m grid, to increase
the number of samples and hence the confidence interval;

(2) Coal from several locations is mixed in the blending pile, which
further reduces the sulphur variation.

4.7.3 Research Project

A research project was undertaken by IREM-MERI to in-
vestigate the applicability of a three-dimensional method te estimate
"heating value in 75 m x 75 m x 15 m bench blocks. Following three
months of theoretical research, a new method to estimate grades in
sedimentary deposits was developed. A series of computer programs have
been developed to produce a model of the deposit using the new method.
Careful checking and verification of the results is still required
before the system is ready for applicatien.
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TABLE 4~1
SUMMARY OF DRILLING
UPPER HAT CREEK VALLEY
1925 - 1978
No. 1 Deposit No. 2 Deposit
No. of Holes Meters No. of Holes Meters
1. Exploration: Pre-1974 - 22 4,375.8 64 21,799.9
1974-1978 206 54,037.0
2. Geotechnical: (slope stability 74 9,714.9
foundation incl.)
(Geohydrological 77 7,996.7
and offsite)
3. Miscellaneous: Surficial Material
Investigation,
Washability BAH)
Sampling, etc. AH) 117 2,117.7
P)
TOTAL 474 78,236.1 64 21,799.9
DH - Diamond Drilling

RH - Rotary

BAH Bucket Auger HOle
Al Auger Hole

P Percussion



Table 4-2

~ REGIONAL STRATIGRAPHY - EAT CREERK COAL BASIN

- Milliem Thickness
Pariod Epech Tears Formatiom or Group {m) Rock Types
Recent . Allyvium, Colluvium, fluvial sands and gravels,
. Net slide debris, lacustrine sediments,
Quateroary Deterained
Pleistocene 1.5 =2 Glacial ¢ill, glacio-lacustrine silt, glascio-
fluvial sands and gravels, land slides.
Uneonformity °
Miocena 7 - 26 Plateau Basalts Yot RBasaltr, olivine basalt (13.2 m.vy.), andeaite,
Deternmined | vesicular basalt.
Unconformitcy (1)
Mioccene or
Middle Pinney Lake Nat Lahar, sandstone, conglomarate.
Eocene ? Formation Determined
Inconformity
Lac Medicine Cresk
Tertiary Eoc:ne Form:tisn e 500+ Bentonitic claystone and siltstonme.
a Paraconformircy
E]
Late Eocens é Hat Creek Coal Mainly coal with intercalatad siltscone, clay-
to * © Formation 550 stone, sandstone and conglomarate.
Middle 36 - 42 |
Eocene .§ Coldwater 378 Siltstone, claystone, sandstone, conglomerate,
5 Formacion minor coal.
Fault Comtact or Nonconfermity
Middle
Eocene 43.6-49.9 Not Ehyolite, dacite, andesite, basalt and
{ Determined| equivalent pyroclastics.
Unconformity (McKay 1925; Duffell & McTaggart 1952)
Coniacian 88.323 Spences Bridge Group Yot Andesite, dacits, basalt, trhyolite; tuff
to n.y. Determined| breccias, agglomerace.
Cretaceous Aptian w»
or
Later Ercsional Unconformity (Duffell & McTaggart 1952)
98 Mount Martley Yot Granodiorite, tonallite.
Stock Determined
- Intrusive Contact (Duffell & McTaggart 1952) jE
Peunsylvaniah Cache Creek Group:
“to
| Marble Canyom Bot Marble, limestona, argillite
f gil tan 250-330 Formation Determined |
earliar Greengtone Not Greenstone, chert, argillite; minor limestone
1 Determined: and quartzite, chlorite schist, quartzemica,
1 schisz.

* Based on palynology by Rouse 1977

** Based on plant fossils by Duffell & McTaggert 1952,
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Table 4-3
DEVELOPMENT OF STRATIGRAPHIC SUBDIVISION IN HAT CREEK COAL FORMATION
STAGE 1 STAGE 1I STAGE IIIX STAGE 1V
‘Al-l Al
Al_z A2
A Al A3
A3 A4
A1~4 A5
Az(waste zone) Az—l A6
B B, 1-1 Bl
1-2 B2
Cl(waate zone) Cl—l cl
c C Co1 c2
z ' oc3
2-2
C4
D, Dl
D Dl D -2 b2
D1—3 D3
D1—4 D4

Recognition of four broad
zones in the No., 1
Deposit.

Identification of two waste

zones — A2 and Cl'

divided into four sub-
zones separated by
three waste partings.
divided inte two sub-
zones,

divided into two sub-
zones separated by a
lenticular waste part-
ing. .

divided into four sub-

zones of varylng quality

For uniformity and convenience
each subzone was assigned its

own suffix.

C —
are

Thus A, . and
the principle waSte zones
represented by A6 and Cl1

respectively.

Four additional subzones

were introduced: AS5, C2, C3
and C4.
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HAXIHUM
MINIMUM
RANGE

WEIGHTED HEAM
SAMPLE COUNTS
SAHPLE CORE LEHGTHS
ARITHHETIC MHEAN
SAHPLE COUHTS
SAHPLE CORE LENGTHS

STANDARD DEVIATION
COEFF. OF VARIATION #

HAX I
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RANGE

WEIGHTED HEAN
SAHIPLE CounTs
SAHPLE CORE LEMGTHS

ARITHHETIC HEAN
SAHPLE COUNTS
SAHPLE CORE LENGTHS

STAHDARD DEVIATION
COEFF. OF VARIATION X

TABLE 4~4

SUMMARY OF PROXIMATE AND ASH ANALYSES
EXCLUDING SAMPLES WITH HHV < 9304 KJ/KG L ASH > 70.00%
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Pyritiec Sulphur %

Organic Sulphur 7

Sulphur as Sulphates %

. Total

TABLE 4-5

SULPHUR FORMS
Deposit
Zone A Zone B Zone C Zone D Total
0.22 0.20 0.11 0.04 0.13
0.50 0.44 0.31 0.24 0.36
0.02 0.03 0.01 0.02 0.02
0.74 0.67 0.43 0.51

4 - 22
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TABLE 4-6

RESERVE ESTIMATION BY SUB-ZONES WITH 2 m MINIMUM THICKNESS

X HHY CUT-0OFF 9.30 % NO DILUTION * 2-HETYRE MIN. THICKNESS ¥

DATE  §  27-Nar-79

oA HHY TOTAL CoalL WASTE HNDEF TONNES {INDEF VOLUHE

ZONE TONMNES ASHZ MJ/KG SUL% VOLUKE VOLUME TIINNES cant. WASTE COAL WASTE
BURN o, 0. 00 0.00 G. 00 &749 . G. 14620, 0. 0. 0. 0.
it 27221, i1.18 10,74 0.75 28345, 18905, 189215, 9, 0. o, 0.

h2 41404, 37.40 1%.08 0.77 40324, 27564, 257153, 0, ¢, G, 0,

n3 ILraq, 15.50 13.%64 G435 41833, 23244, 37170, O, 0, 0, O,

h4 19558, 40.75 15.58 0.84 57099, 32794, 34811, 0, o, 0. 0.

AS Shae6T, 44, 42 14,47 0.74 56148, 0139, 360546, 0. a. 0. 0.

hé ‘7041, 50, 48 12.32 0.638 45740, 1450, 122745, 0. 239, g, 117.

i 73481, B.06 146,55 0.43 H630t., 16014, 14317, 4848, 0. 327, ¢.

Bz &G4, 37.78 146,646 G.71 63751, 446075, 33834, 1129, 0, 750, O,

Cci1 10245, 48,63 12.69 O.04 1640095, 4527, 2846629, 0, 20507, 0, 10253,

c2 17042, 47.06 13.37 0.5 24326, 12740, 22515, 512, 0. J2g, 0.

3 20058, 45,09 13.77 0. 34 235116, 12940, 17272, 2388, 0. 1540, 0.

Ca 32405, 45.01 13. 70 Q.35 31640, 21013, 18457, 2188, a, 14108, 0.

i1 70005, 31.35 18.A82 Q.29 96075, ABG74. 4150, 7797, 0. 5407, O,

L2 BY304. 25.10 241,09 0.27 70072, 64010, 0. 75035, 0. 4842, 0.

I3 70474, 19.70 23.08 0,29 57822, @ 51984. Jav. 10367, o, 7643, 0.

4 66106, 24,84 21.50 0. 36 55313, 47434, 448, 10518, 0, 7543, 0,

ToT4AL 739523, 34q.82 17.71 0.351 a98027. 505233, 702279, A4973., 20742, 31825, 10371.

NOTEYD 1. TONNAGES ARE TIOUSANDS OF HMETRIEL TONNES
2., VOLUMES ARE THOUSANDE OF CURIC METRES
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TABLE 4-7

RESERVE ESTIMATION BY BENCHES WITH 2 m MINIMUM THICKNESS

¥ HIV CUT-0FF 9.30 % ND DILUTION % 2-METKE MIN. THICKNESS X
DATE i 27-MHar-79

SUHHARY FOR ALL BENCHES @

conl. HHY TOTAL COAL HASTE LUNDEF TONNES UMDEF VOLUNE

RENCH TOMNES ASIHZ HJ/KG SULZ VOLUNE VOLUNE TONNES CoAaL WASTE COAL. KASTE

1 ¢ 12000 0. 0. 00 0.00 0,00 0. 0. 0, o, 0, L+ 0.
2 ¢ 1100} 235, 4%.00 17.80 0,42 © 1409, 1461, 24657, 0. 0, 0. Q.
Iq 1000} 40344, 40, 41 15,44 0.564 779359, 26791, 104050, 341, 0. 244, ‘ 0.
4 { F00) 183099, 34.81 17.56 O.04 194776, 125031, 135044. 3476, 2272, 2843, 114,
8 { 0o0?) 209334, 33.47 18.1% 0.51 2048531, 143973, 122747, 1£32, 8. 1177. - A
é& ¢ 700} 1391451, 34,87 172.76 . Q.53 154375, 9L5i041. 1204642, 1373, 0. P74, 0.
7 ( &00) F0%10, 35.82 17.50 0.50 118810, 41818, 110798, 2118, 134, 1528, 67,
8 ( 500) 5i3aao, 35.75 12,57 0.41 BOYO7 ., 34400, 77940, 5791. 2021, 4114, 1410,
9 ( 400) 21455, 30,64 19.52 0.33 44104, 14982, 26944, 12713, 13%78. _ 04hu9. &70%9,
10( 300} 1514, 37 .50 17.14 0.34 135646, 1019, 3ns. 17530. 3974. 132447, 1907,
11( 200} 0. 0. 00 0.00 ©.00 0. 0. 0. 0. 0. 0. 0.

TOTAL 7399523, J4.82 17.71 0.51 beno27,. S05233., 702279, 44973, 20742, 31025, 10371,
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TABLE 4-8

RESERVE ESTIMATION WITH NON-SELECTIVE MINING AT 9.3 MJ/kg CUT-OFF

¥ HHV CUT-OFF 9,30 & NO DILUTION x NO HINTMUH THICKNESS %

HATE ¢ 30-Mar-79

coal HHY TOTAL coaL WASTE UNDEF TONNES UNDEF VOLUME
ZONE TONNES ASHZ MirKG SIn.X% VQOLUME VNLUNE TONNES conl. WASTE Coal. HASTE
DURM 9. ¢.00 0.00 0.00 &74%, 0. 14420, 0. O, 0. 0.
Al 43219, 48.17 13.04 0.53 2033465, L7437, 1455, [« Q. 0. 0.
Al 38078, 16,08 13.78 0.632 10524, 24400, 1848, 0. 0. LH 0.
A3 323792, 54,460 10.94 Q.03 410313, 20076, A3S1LG, 0. 0. 0, 0.
N4 44830, 1%.490 12.85 0,54 U7099. 29744, 54710, 0. 04 0. ¢,
AS &03464. 19,93 12.48 0.64 54148, 3IN289. Juasa. Q. 0. Q. Lt
ab 1837, 90.21 12,44 0.4 " &G40, 11464, 129317, O, 235, Q. 117,
Fl &747%5, 35,71 14.683 G. b 54301, A6917, . 1B114. N5, 0, 327, Q.
K2 &46B61. ig.ge 16.25 0.467 43751, 44714, 35353, 1135, 0. 750, 0.
1 2043, 51,45 12,33 0.49 140095, G492, 289700, . 20507, O, 10253,
2 23874, 17,10 12.45 0.352 24324, 15185, 17424, G517, 0. 328, O
C3 207486, 18,58 12.75 0.34 23114, 13244, 18643, 2416 0. 1540, Qo
Ca 32922, 46,72 13.24 0,34 314460, 28182, 18120, 2204, 0. 1418. 0.
it 73542, J2.99 18:27 0.28 56075, S0449. 0. 7064, 0. 5407, 0.
n2 89304, 25.10 21.09 0.27 70872, 64010, 0. 725053, 0. 6062, 0.
n3 70852, 20,02 22,92 0.29% 370822, 92179, 0. 10385, 0. 7641, 0,
D4 644693, 25.20 21,35 0.38 55313, A7749. G. 10537, 0. 7543, Q.

TOTAL 744058, 37.73 16,772 0.46 898027, H503022. 706701, A5130. 20742, 31875, 10371.

HOIE! 1. TOHNAGES ARE THUOUSANNKS OF METRIC TONNES
2, UVBLUMES ARE THOUSANGS OF CUDIC HETRES

v
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TABLE 4-9

RESERVE ESTIMATION WITH NON-SELECTIVE MINING AT 6.98 Ml/kg CUT-OFF —

¥ 1IHV CUT-OFF &.98(3000HTUS) % NO DILUTION % NO MINIMUH THICKNESS %

NATE ! 30-Har-79

COAL HHVY 107 AL COAL WASTE UNDEF TONNES LINDEF VOLUHE

ZONE TONNES ASHX H.1/7KG SULx VOLUNE VOLUNE TONKRES CoaL WASTE enaL WASTE
BURN 0, 0.00 6.00 0.00 &749. 0, 14420, 0. 0. 0. 0.
Al 142084, 47.03 12.94 Q.53 20355, 20345, 0, O, 0. ¢. 0.
A2 464623, 49,448 12.40 ¢.3% 40524, 294638, 21772, O, 0, O, 0.
Al 51223, 57,51 7.0 G.48 41833, 31239, 20900, 0. 0. 0. 0.
A4 422084, 83,20 11.63 0,49 37099, Jaags. IHA2% ., ™, L+ 0. 0.
AD 74945, 92.68 11.79 Q.40 GN61468. 46711, 18513, 0. 0. 0. 0.
hb 3040, 58.15 10,45 0.36 45740, 1870. 127903, 0. 235, 0. 117,
hi a1eoy. 41,13 15,48 0.60 56301, SLE AR 2212, 495, 0. 327. 0.
n2 76557, 12,01 15.24 0,686 43751, SOAE?. 25007, 1153, O 758. 0.
Cci 14528, 55.41 10.80 0.52 1400915, 6972, 281740, 0. 20507, C. 10252,
cz 31374, 52,45 11.56 0. 48 24324, 19458, B&79. 525, 0. 320, 0.
c3 28250, 52.04 11,43 0.32 23114, 17737, 7677, 2454, O, 1540, o.
C4 40550, 49,54 12,1 0.32 J1640, 257465, B?S53, 22365, 0. 1418, 0.
13 73544, J2.99 18,27 0. 20 56075, 50649, 0. 76064, 0. 5407, 0.
na #9304, 25.18 21.09 Q.27 ro0872, 44010, 0. ?5B5, G. &862, 0.
n3 70852, 20.02 22,92 0.2% 59022, 92179, 0. 10385, 0. 7643, 0.
D4 &£649), 25.20 21,35 0.38 353113, A7769. " 0. 10537, 0. 7543, 0.
TOTAL 836709, 41,03 15.462 0.45 0vyao027. 569124, 374497, 45215, 20742, 31825, 10371,

NOTE! 1. TOMNAGES ARLE THDUSANDS OF HETRIC TONNES
2, VOLUMES ARE THOUSANDES OF CUBLIC HETRES




TABLE 4-10

TOTAL SULPHUR DISTRIBUTION IN SUB-ZONES
OF NO. 1 DEPOSIT

Number of Mean Standard

Inter- Sulphur Standard Error of

Sub-zone sections % Deviation the Mean
Al 32 0.723 0.193 0.034
A2 38 0,804 0.174 0.028
A3 42 0.634 0.137 0.021
Ab 48 0.624 0.165 0.024
AS 54 - 0.739 0.187 10.025
*A6 S - 0.540 0.169 0.027
Bl 53 0.640 0.210 0.029
B2 57 0.664 0.174 . 0.023
*C1 - 0.450 0.300 0.051
*C2 55 0.486 0.209 0.028
%C3 56 0.356 0.213 0.028
*Ch 67 0.369 0.266 0.032
D1 74 . 0.323 ©0.192 0.022
D2 - 77 0.260 0.096 0.011
*D3 84 0.298 - 0.0987 0.011
D4 86 0.388 0.102 0.011

* These sub-zones exhibit random distribution in the variograms.

4 = 27



TABLE 4-11

KRIGING PARAMETERS

Angle of Anisotropic
Zone Co Sill Range Anisotropy Ratio
Al 0.0100 0.0376 300 - -
A2 0.0025 0.0300 3%0 90 2.5
A3 0.0032 0.0120 400 90 2
Ad 0.0050 0.0265 600 90 3
A5 0.0110 0.0348 600 - -
AD - - - - -
Bl 0.0260 -0.0415 500 - -
B2 0.0100 0.0257 500 90 2
Cl - - - - -
*C2 0.0437 0.0437 50 - -
*C3 0.0454 0.0454 5Q - ' -
*C4 0.0780 0.0780 50 - -
Dl 0.0060 0.0300 540 - -
D2 0.0003 0.0074 400 - -
*D3 0.0060 0.0060 50 - -

D4 - 0.0020 0.0100 200 - -

* C2, C3, C4, D3 ~ exhibit random distributions in the variogram
construction so they were kriged with a short
range (50 m) and a pure nugget effect, i.e.
Co=SILL.

A6, Cl - each block was assigned the zone average from
Table 4-10.

4 - 28



TABLE 4-12
SULPHUR DISTRIBUTION IN SUB-ZONE A5

Mean of 25 blocks = 0.886

Average std. error = 0.081

Block Mean S% 0.947 0.907 0.900 0.947 0.951

Block Std. Error S% 0.085 0.083 0.080 0.095 0.114

No. of Intersections 13 13 12 13 14
0.0934  0.897 0.904  0.958 . 0.985
0.078 0.079 0.072 0.085 0,102

14 14 15 15 19

0.870 0.835 0.857 0.943 1.027

0.073 0.072 0.073 0.077 G.085
16 17 17 19 19
0.809 0.773 0.798 0.899 0.997
0.072 0.069 0.071 0.076 0.083

- 19 20 20 23 22
0.768 0.741 - 0.759 0.831 0.923
0.078 0.070 0.071 0.073 0.083

20 20 23 25 23

4 - 29



ﬁ N
h
&3
xrE ~
5 o8 |
£
mm M.u ]
w -9 |
[ J—
i S =@ |
5§ 8 Yo
3 “ L& !
L3
LY —
Q&
D »
[ 4

B PR
e
SR
3
Wal tm

H_._-u4i--‘p

il

-
-
+4

_mu_“ T 13

| m_i

| 41 : T i Py )
it L 2
I ] Lot LAY
Hil ] MY

- "
g T
kol [ 3 VPSP PSSP,
rgst o L)
b LW PN S ¥ S

—— e, LT e
Y
D e . H
11
e
P r—

“
»

=3 ¢y 1)) oo ! I B A R N R e L O

ROKEL

4=-30

T s A M e e



NN AN GRER @ SESR 2SS 2 eam

[ & &_ ..-_—_-----_

PRI T
S Y L - - - - - S - -1
a aﬁéa AAAAA ‘:AAAAAAnAAAAAoAA S
aa a AA 6 A A A A AN ATT
A4 A A LA A AL A A A AT
o/a AALG LA QLS DM
wAmRyY SYWELYME “a”a hTA AT ATr

PR TP TR PN YU DR
2 A aBb AABRAA o
n“'z ST IO LEGEND
AAAAAAAAAAAJ
e & AA A A AL AL .
A A B A A AANAA,
a A A S A A AAAS L
MIOCENE LONWACIAN TO APTIAN
MATLAL BABALTE APENCES A0l GAOUS
[ T L T ditety feccm, bras, ryeife
PRS- Y (R g— )
WOUNT MARTLET STOLK
MIGCENE ON WIDDLE EOCENE Granediaris, wmants
M PINMET LanE FORMATION KAZAMLAN
@a . TO VISEAN
CAGHE CAEEE GROUF
MARBLE CanvCy FORNATION
gy, L e
A EQCENE
O CAZENETONE
B . ' MADICHE CREEE FORMATION Sraanine, o
o e smas s,
-y —aal A A ACA 4 A A A ™ Crarstans. snstona e pmal, et tenl, W
X S A A S A A A S A AN DL S LS N —1" ; i " B ' -
A G G A8 A AL AT ATAA : ; G, < N MAT CRETS FORMATION
B NLA00 B A AT AS G AL ST B L 6 ; ! ; wd Sy ) | . ok Lk E RN D . sarosans, —
A:-T.A.'.-A (IR ‘deaah;.&.;aq‘:._e‘a a N " S : h 3 inians, sandaionn, serpreermne ‘:1.._3 QUTCROPS
L o a6 Boa ala Lo N TN ey SURIORE & TACHNESS
‘A A&'J.\na:‘ & *;‘3 ‘Qn ﬂAAQA ‘:’.“"‘n"‘f:"ﬁ"“,'3‘,_‘A Al 1i® e C) B.AMA 80
O N S I TS 4" e 89, seooma o LaveRing
G & A A & o d A ALaAS A LAl A A $ M Ma W \Ms
3 acﬂ‘a'a:n:'lﬂ Bk ANATA &2 A A s s as
= e Y - . P
T a3 T rx 2 PRS- e . WY COLGWATER FORMATEON ——a CONTACTE
A a s o o s & A a"'g:'nha"‘.s STATI AT A £ | Clavsienn actstens. whole. {Contlirmed, inferrad)
AAI.'.:..:.A.&&‘SAA:.AAQ A sea A aTacA A [ ——
A 2 A A ATaA A A L AT 2 & A
e A S A AL AAAMAd A G S A s o AL
o & s A AN AL AAS S A RA A AN T s oors voLCANCS e en FAULTS
A L a8 A8 A A A8 MBS L LATALTY A A n ] Mhpeide demsle. enduite Besen (Conlirmed, intorred)
«1.1... -3 - Y AAA AALAA -’-’-&.'..ahé.lﬂa -“A“Jh ) Sl S PPrECI T
— e e e . LN A A B G BaA A a~a aTa"a"aTa at4T
A A A-A 4 P LT I S ST T S s A et LAKE
ja & a4 B 4 ala o e A a A s s aa A AAAA&AW‘
A A S A A R G N S e . - S S - Y G- W o L
'AAAA & ala & LA A 9‘;&&1 AN A AL S Aé&a.x_.ﬂ_j'.\ AAA.
o~ A A b IR R BURNT COAL ZONE
& AG-AA‘:
EY ..'.96 (V)

3
L
-
b
33
L
)

o a%aa s
As A4 DA Fedbosaoan .

a =
A .:".1:.1.: aaa}.aﬁh“aAAAa‘:A‘:A ki
AAAAA&TA‘::’.‘&AAAA &
R N S o o S S . U
= Vs A A NS AN AAAAA

FORWMATION & & & .
aE AT AR A AAAAA{:' p
: g el g  #i

a:.:.t:E;AA._:.__..a‘AAA&AA":AAAA 3/ FIGURE 4-2 )
3y 88 salaana poaail :
Rt REGIONAL BEDROCK GEOLOGY
R A A AN, NO. 1 DEPOSIT

LA & A &
S P R O SR,
ava o A A K A a4 alah
oo Al ala a s
R ST
e a A A A alae "0 A A
48 & O & S A =Y [-

X rha A ala aaa a
A R N )
S S S S AT
By e A8 A Rt A

POMRCE: Prainh Cassunbia Wyira gief Power Suttupeity

FETOTIoR

5 SRR AT =

4-31




— "

}_.__

]
e ..-....--ﬁ

-
i e e

e

| T S

LEGEND

SPECIFIC ENERGY RANGES

Mimg (DRY BASIS)
n < B MC| MEDMCINE CREEX FORMATION
u 93138 E COLOWATER FORMATION

D 130 - 1458 BURAN ZORE
u ws. 20 @ AR SUB-ZORE
D 20040 E] €1 SURZONE
D > .40 —_——— FAULT

—— - - CONTACT

—

=—— RELATIVE MOVEMENT

SUBZONE & THICKNESS

Al 15.35m C1 0.tT0m
A2 20 . 55m Cx $- 20m
AJ 23 -45m ) & t3m
A4 20 45m N C4 5- 2om
AS 30 - £5m DY 15. 25m
AS D-90m 02 15 3om
8t 25.35m 03 15- 29n
A2 9. 35w D4 15- om
[ ] L] we 100 300 =

HAT CREEK PROJECT

FIGURE 4-3

GEOLOGICAL CROSS SECTION
SECTION @

SECTION GRAWN LOGEMWNG RORTH

L SOUACE. Beois Cotorbing Myiire soup Postr Aqutumrity

—— ot -

+ it Yo T e i = W 4 e el

[P VT

T T



’
( . ., L] ® - L - = ™ [ - - 1
LEGEND
o | |
s:-so . i 1000
doat manw n.s-: o700 @ MEDICINE CREEK FORMATION
o wam e wda
Rdcs. ki B E COLOWATEN FORMATION
il s zone - -
w00 437 aq oan T BURN ZONE
as _- B % ' i -t i bl . E szt
. " & e i .¢-'='I a
< (1) ! - @ C1 SUB-ZONE
* il - - FALY
-z _ ‘ \R . -
. . ————  CONTACT
T m \\ — RELATIVE MOVEMENT
_ ‘I—'—-/j oL T
= / u e SURZOME & TWCEMESS
. 1 P - A1 15-35m €1 g-170m
A s o 5. rim
A4 0-45m G4 B im
00 AS 30 45m 01 18- Hm
M 0-00m D2 1§- Yom
T ORI DI 15. 25m
01 2% - 3w 04 18- Om
as
- e
I - S
ot
HAT CREEKX PROJECT
- : 0 I FIGURE 4-4A .
GEOLOGICAL CROSS SECTION
18 NORTH
SECTION DRAWR LOOC NG wERTY
20
mea




ey

e e
—_—

(]ESE)E]

i

LEGEND

MEDICINE CREEK FORMATION

COLOWATER FORMATION

BURN ZONE

AS SUB-ZONE

©F SUBZONE

FAULT

CONTACT

AELATIVE MOVEMERT
SURZONE & TMICKNESS

A1 15 e c1 8.1mm

A2 20- %5m €2 & 2m

A3 25-44m €1 &

M 20 45m C4 8- 2m

A 30 43m D1 15. %m

A 0-0m D2 18- J0m

28 e 03 16 25m

82 15 . 26m B4 16 2m

“o0w .
“ 0=
N \\“'-.____ Lo === "“--.__..- T gy zant ::?E,:: - HAT CREEK PADJECT
T [ T m——r
N e you FIGURE 4-4B
T TP RN SR I ",ﬂ'
il S GEOLOGICAL CROSS SECTION
. 18 SOUTH
woe | SRCTION DARIH LOGazen wEST
l =om
—— y BOUACE: Sntinh Crimatte e an Fower Auestty j
T e e ——im e . a ama s ‘_H

'3

3 ma  a ke t

S g

- g B




{ DRY BASIS)

Yo

ASH

HAT CREEK-No.| DEPOSIT
100 ASH- HEATING VALUE REGRESSION GRAPH
90%+ Y=86.6254 - 0.00292962 X
X=29568.8 - 341.34] Y
80%—
70% -
o,
ey |
60%- S
50% Ny %
LA
OIJ",’,
40%- /g ©
Ay
\® W
300/0‘-'
20% -
10% —
0% T T T ) T T T T T T T
0 2 4 6 8 0 12 14 6 18 20 22 24 26 28 30

HEATING VALUE (DRY BASIS) MJ/KG .

NOV. 1979

HAT CREEK PROJECT

FIGURE 4-5

Regression Curve
Ash-Heating Value (Ash < 60%)

_/

SOUARCE: British Columibsa Mydro and Power Authoity

. P

-———— .

- -

o v ———




0.05 ~ /

0.044 '

VARIANCE

!

oo A
-~

- '/
-~
0.02 - /r'\-.\/’
180° / | |

¥ (h)

]

& 9
\

\

\7

1
0 100 2:50 3(130 460 : 560
DISTANCE ({metres)

T
600 -

T
700

HAT CREEK PROJECT
FIGURE 4-6

Sample Semi-Variogram, Suiphur — Sub Zone A2

SOURCE: British Columbig Hydro snd Powsr Authorily




5.1

5.2

MINE PLANNING

Introduction

Design Criteria

5.2.1

Powerplant Requirements
5.2.1.1 Powerplant Needs at Target Quality
5.2.1.2 Allowable Coal Quality Variations

5.2.2 Material Delivery Points and Mine Facilities

5.2.3

5.2.4

5.2.5

5.2.6

Location

Geotechnical Constraints

5.2.3.1 Introduction

5.2.3.2 The Nature of the Materials in the
No. 1 Deposit

5.2.3.3 Geotechnical Conclusions

5.2.3.4 The 35-Year Pit Design

5.2.3.5 Handling Overburden Surficial Deposits
5.2.3.6 Bench Strengths

5.2.3.7 Other Geotechnics :

5.2.3.8 Field-Test Knowledge and Experience

(Bulk Sample Program)
.9 Mining Methods Assumptions
.10 Ultimate Slopes

-

an".é::m\.n
NN&NN
P S I N )

'._I

O

[e}

o

.1 The Hydrology Program
2 Hydrological Relationship to
Geotechnical Constraints

5.2.4.3 Work Programs and Methods Used to
Determine the Hydrology

5.2.4.4 Conclusions

5.2.4.5 The Hydrogeological Picture of the
Hat Creek Valley

5.2.4.6 Controls and Preventive Megasures

5.2.4,7 Evaluation of Piezometer Hydrographs

Material Characteristics

5.2.5.1 General Description

5.2.5.2 Specific Gravity

5.2.5.3 Swell Factors

5.2.5.4 Material Cutting Resistance

5.2.5.5 Bearing Capacity of Materials

Dilutieon and Mining Loss

5.2.6.1 Dilution

5.2.6.2 Mining Loss

-~ wWww

n Lnop-

O W 0000 OO

11
12
13
13

13

14
15

15
16
17
18
138
20
21
22
22
23
23
23



5.3

5.4

5.5

5.2.7 Selective Mining
5.2.7.1 Definition
5.2.7.2 Selective Mining Methods
5.2.7.3 Selective Mining Evaluation

Mining Methods
5.3.1 Review of Alternatives
5.3.2 The Shovel/Truck/Conveyor System

Pit Design and Production Scheduling
5.4.1 Planning Data

5.4.2 The Dipper System

5.4.3 Pit Design

5.4.4 Production Scheduling

Waste Dumps and Embankments
5.5.1 General

5.5.2 Geotechnical Constraints and Parameters

5.5.2.1 Material Parameters

5.5.2.2 Parameters of Waste Dumps and

: Embankments
5.5.3 Construction and Development

5.5.3.1 * Construction of Access Roads and

Initial Conveyor Pads
5.5.3.2 Dumping General Waste
5.5.3.3 Construction of Embankments

Waste Disposal Embankment Studies
5.5.6.1 Conclusions
5.5.6.2 Recommendations

5.5.4 The Houth Meadows Waste Dump
5.5.5 The Medicine Creek Waste Dump
5.5.6 Conclusions and Recommendations Relating to

42
42
43
43
45

46
46
47



|z
o

5-1

5-9

5-10

LIST OF TABLES

Description of Surficial Materials
Description of Rock Materials

Hydraulic Conductivity Results

Incremental Design Pit Quanfities

Adjusted Production Schedule

Schedule Annual Production

Houth Meadows Waste Dump - Capacity by Lift

Medicine Creek Waste Dump - Capacity by Lift

LIST OF FIGURES

Interim Pit Development: Cross-section Q
Uniaxial Compressive Strengths
Pit Slopes

Generalized Piezometric Surface Contours of
Bedrock Materials

Hydraulic Conductivity Values Determined In Situ
Hydrology, Section Through Hat Creek Valley
Mine Seepage and Dewatering Flow Chart
Depressurization by Excavation

Typical VBM Cross-section

Bench Plan - Elevation 773

Page

48
49
50
51
52
53
54

35

56
57

58

59
60
61
62
63
64

65



5-11

5=-12

5-13

5-14

5=15

5-16

5-17

5-18

5-19

5-20

5=21

LIST OF FIGURES (Continued)

Cone Geometry

Pit Development Year -1
Pit Development Year 5
Pit Development Year 8
Pit Development Year 15
Pit Development Year 25
Pit Development Year 35
Dump Development

Houth Meadows Dump
Medicine Creek Dump

Waste Dump Slopes

66
67
68
69
70
71
72
73
74
75

76



SECTION 5

MINE PLANNING

3.1 INTRODUCTION

The objective of this study is to develop a mining plan
that is both technically practicable and econemically sound. Its purpose
is to provide a reliable supply of coal of consistent guality to meet
the forecast requirements of the powerplant over the estimated 35-year
project life.

Conceptual design studies completed in-1976 by Powell
Duffryn - National Coal Board (PD-NCB) evaluated the potential mining
methods and economics of mining both the No. 1 and the No. 2 deposits.
From these studies, the recommendation was accepted that the No. 1
Deposit was the more economic for development and that open-pit mining
was the most appropriate method. This section describes the basis and
the methods of planning used, and presents the pit desigp and production
schedules developed. '

The plan developed must incorporate adequate safeguards
to ensure the safety of the work force. Environmental objectives must
be met and adverse impacts reduced as much as possible. Effective
utilization of the resource should be maximized.

Because the time frame for this plan extends beyond 40
vears it is important that options for future development are not foreclosed.
Thus a major constraint in planning the mine is to ensure that planned
activities do not jeopardize the possibility of ultimately mining the total
reserve in the No. 1 Deposit or impede development of the No. 2 Deposit.
Tc meet this constraint, the pit has been developed in a logical, sequential
manner to produce 35 years' coal supply. The pit is developed with
working slopes a few degrees flatter than the designed final pit slope.
As the pit limits are reached, the slopes are steepened to conform to the
design., Should it become necessary to extend the life of the pit, the
degree of difficulty entailed would be directly related to the lead time
associated with the change of plan. A decision made to extend mining
before final pit slopes are reached would permit a smooth continuation of
the operation. A last minute decision would result in the need for
flattening pit slopes all the way to the surface before significant

tonnages of coal could be produced.



Should the total resource of. the No. 1 Deposit ultimately
be mined, the pit would be over 200 m deeper than the presently planned
pit. The technical and economic feasibility of mining to this greater
depth has not been established. Further studies, both mining and geo-
technical, would be required for this purpose.

In locating permanent facilities and waste dumps, care
was taken to ensure that they were placed beyond the projected ultimate
pit limits. The exceptions to this are the locations of the Hat Creek
Diversion Canal, the headworks dam, and the pit rim dam. In these
cases, it was shown to be more economic to relocate the facilities when
necessary.

A prerequisite to any significant development of the coal
deposits is the diversion of Hat Creek. The Hydro Electric Design
Division of B.C. Hydroe has prepared a Preliminary Engineering Design
Report for the diversion of both Hat Creek and Finney Creek. The results
of this work have been incorporated in this report.

The planned diversion of Hat Creek consists of a head=-
works dam to control the flow and channel it into a diversion.canal,
which carries the water around the East side of the pit before returning
it through a buried conduit to the creek downstream of the mine facilities.

" " The diversion system is designed to handle the 1,000-year return flood.

An emergency spillway is incorporated into the headworks structure to
prevent the overtopping of the dam with the overflow water channelled to
the mine.



5.2 DESIGN CRITERIA

5.2.1 Powerplant Regquirements

Based on the planned powerplant operating regime, annual
coal consumption was determined from pre-production to the end of Year
35. These fuel requirements were established for the following functioms:

(1) Commissioning of boiler units in the pre-production year and the

first three years of operation;

(2) Establishing a two-week dead stockpile at the powerplant and a one-

week live blending pile at the mine;

(3) Annual commercial power generation based on forecast capacity

factors.

5.2,1.1 Powerplant Needs at Target Quality

The powerplant needs based on target quality of 18 MI/kg

dry basis and 23.5% moisture are as follows:

Average Million Tonnes
Net - Capacity at 18 MI/kg
Boiler  (Capacity  Factor Dry Basis and
Year Units {MW) (%) 23.5% Moisture
Pre-
Production 1.11
1 1 500 69 3.15
2 2 1,000 60 4.79
3 3 1,500 60 7.35
4 4 2,000 61 9.45
5 4 2,000 65 10.60
6=-15 4 2,000 70 10.86/year
16=25 4 2,000 65 10.09/year
26-35 4 2,000 535 8.53/year



A further potential coal demand that the mine must be
capable of satisfying could occur if the powerplant is required to
operate continuously for a period of up to six months at maximum con-
tinuous rating on all four units.

5.2,1.2 Allowable Coal Quality Variations

A live stockpile of 300,000 t of coal (one week's coal
supply at maximum rating on all four units) would be used to blend the
run-of-mine coal and minimize the quality variationms.

- The quality of coal delivered to the powerplant may vary
between 17 MJ/kg and 19 MJ/kg, with a sulphur content between 0.46% and
0.56% on a dry coal basis,

5.2.2 Material Delivery Points and Mine Facilities Location

The delivery points for coal and waste, and two locations
for the construction of the mine facilities complex, are as follows:

Coal

The coal delivery point, determined in consultation with
the powerplant engineering staff, is the receiving conveyor at the
powerplant. The responsibility of the mine for coal-handling terminates
at this location.

Low-grade Ceoal

Low=-grade coal will be delivered to a dry benmeficiation
plant. Provision must be made to combine beneficiated coal with the
run-of-mine coal and to remove rejects to the waste dumps.

Waste
Mine waste must be contained in waste dumps close to the

mine. Weak waste materials must be retained by engineered embankments.
Dumps must not overlie any coal or be located where they will restrict



any possible pit expansion. Houth Meadows and Medicine Creek have
been identified as suitable areas for waste dumps. Small areas around
the No. 1 Deposit and close to the proposed dumps will be used as
tempeorary topscil storage areas.

Mine Facilities Complex

Potential locations for constructing the mine facilities
complex are:

(1} The North-Eastern end of the Upper Hat Creek Valley South of
Indian Reserve IR-1 and bounded by Harry Creek and Hat Creek;

(2) The area located North-East of the confluence of Hat Creek and
Medicine Creek, and between the No. 1 and the No. 2 Deposit.

The mine facilities complex and any other permanent
structures should be 300 m minimum distance from the rim of the ultimate
pit and not overlie any coal.

5.2,3 Geotechnical Constraints

5.2.3.1 Introduction

A geotechnical assessment program was initiated and
assigned to Golder Associates in 1976. Extensive field investigations
took place along with the exploration drilling programs over three
years, with special drilling programs directed to geotechnical objec-
tives. The major purpose of the work has been to establish safe working
slopes for the open-pit mine in the No. 1 Deposit.

The stability of these slopes 1s controlled by the
strength of the materials and the groundwater conditions in the area.

The reports by Golder Associates culminate in a final
report: 'Geotechnical Study 1977-78" dated December, 1978. There are
six volumes presenting the detailed findings of all the work, with 16
appendices supporting the main text.



5.2.3.2 The Nature of the Materisls in the No., 1 Deposit

The unconscolidated overburden is mostly strong granular -
glacio~fluvial sands, gravels, and till.

The slide material is very weak, consisting of loose,
mixed debris, mostly soft and bentonitic.

The bedrock, soft clays, and siltstones exhibit varying
low strengths and are weak when compared with hard rock formatioms.

The coal has greater strength than the above, but is
still weak. ’

Overall, the materials represent saturated weak rocks
that were originally deposited in a lacustrine enviromment and are
softened when wet,

5.2.3.3 Geotechnical Conclusions

Pit Slope Stabilicy

The following design slope angles recommended by Golder
Associates for the 1978 Mining Feasibility Report by CMJIV have been
accepted for this Mining Report. Figure 5-3 presents Golder Associates'
schematic diagram for these angles around the pit.

Surficial deposits {other than slide debris) 25°

Slide debris 16°
Coal 25°
Coldwater rocks (other than coal) 200

The results of laboratory strength tests carried cut on
the Coldwater rocks show a wide spread in values, but do not indicate
significant variations between different sectors of the pit. Therefore,
there is no justification at this stage for varying the slope angles with-
in the different Coldwater rock materials. As more data is accumulated



in the future during the detailed design phase and early excavation,
further refinement of slope angles can be anticipated.

In arriving at these steeper recommended angles, the
following assumptions have been made:

(1) That pit slope depressurization by negative pore pressure generation
would be moderately successful;

(2) That slopes would be excavated to flat angles during the initial
process of mining, both to minimize shearing stresses that could
lead to progressive slope failures and to promote slope depres-
surization;

(3) That interim bench failures would be acceptable, that increased
road maintenance would be necessary, and that wider benches would
be needed locally;

(4) That slope height is generally not dependent on slope angle,
because the design is based on the lower limiting strength of the
material; and

{5) That slopes are designed to be stable only for the duration of
mining, e

During the current study it became apparent that de-
pressurization would be more difficult to achieve than anticipated and
that, except in restricted areas, conventional means (pumping wells,
adits, horizontal drains) would not be appropriate. However, the
current design is markedly different from the PD-NCB pit, on which all
the original work was done (see Golder Associates' Report No. 6). The
pit involves flatter interim pit slopes than final slopes and a pro-
gressively expanding pit which generally does not excavate slopes to
final depth until the last 10 years. The geotechnical comnsequences of
this design are favourable, since the materials in the slopes would only
be stressed at low levels during the earlier years of mining (see Figure
5-1). Much experience could be gained within the deposit while slopes
of modest height were cut at flat angles. Moreover, the in-~situ ground-
water studies and the laboratory testing program have indicated that
depressurization by the development of negative pore pressures on
excavation should be a significant factor in maintaining slope stability.
(Figure 5-8)

The major conclusions on slope stability for the Mining
Report are, therefore, that the final slopes can be excavated at the
slope angles stated above, but with the following reservations:



(1) That it would be possible to achieve slope stabilization by pumping
or gravity drainage only in very limited areas of the pit;

(2) That whilst slope stabilization by the development of negative pore
pressures is likely to be effective in many areas of the pit, it
would also be marginal in some places; these areas are difficult to
predict in advance;

(3} The approach to mine planning currently being used permits valuable

experience to be gained with the slopes whilst negative pore
pressures are still operative in the earlier years.

5.2.3.4 The 35-Year Pit Design

Flatter interim pit slope angles in the coal benches
during the opening up or development of the pit have been incorporated
(see Figure 5-1). .

The overall slope during any interim pit phase will
always be less than the recommended final slope angles.

To minimize bench instability along bedding planes when
the dip is out of the mining face, the benches should preferably be
aligned in such a way that they are not paral%el with the strike of the
beds, but rather make an angle of at least 20 with that direction.

o In the event of the dip of the bedding being less than
307 and out of the face, with the strike of the bedding parallel to or
within 20" of the face alignment, the slope of the mining benches should
be reduced to the slope of the bedding. This precaution is not necessary
where the dip of the bedding is less than 20°.

.5.2.3.5 Handling Overburden Surficial Deposits

The sand, gravel, and glacial silts on the Easterm
perimeter are 92 m to 122 m thick and will be required for comstruction
and £fill purposes early on. The materials are dense in situ and will be
stable at much steeper slopes than the bedrock clays. However, there is



a water table contact with the top of the bedrock that may present
drainage problems.

The slide masses on the Western and South-Western perimeters
present a stability problem, Movement of these slide masses could be
re~activated along pre—existing slide planes due to excavation disturbances
of their equilibrium, or by water flow or pressure. Experience has
shown that movement of these slides would be of a slow, creeping nature.

A drainage program will be initiated and maintained to
reduce this potential threat. Also, the slide front around the perimeter
of the pit will need clearing back and a "ereep-monitoring” system set

up.

The active slide on the North-West perimeter will be
stabilized by surficial drainage, diverting Hat Creek, and putting in a
£ill ramp at the toe of the slide across the valley as a bridge for the
conveyor and ac¢ess road to Houth Meadows Waste Dump.

The slide materials are mostly bentonitic clays and
volcanic debris or breccia. 4bout 30 million m? of this material will
have to be excavated in the 35-year pit, and it is known to be very
sticky and difficult to handle when wet in Springtime. It may be
impractical to maintain benches for more than two years in this uncon-
solidated overburden on the Western side. Rather, the ground could be
evenly sloped to 16 from bedrock to surface perimeters.

5.2.3:6 ~ Bench Strengths

For economic efficiency, a standard bench height of 15 m
has been considered to be practical and safe. Local conditions may

dictate using lesser bench heights.

Instability of some benches would be time-dependent,
where failures could depend on the dissipation of pore pressures. Much
of this activity is expected to develop within weeks or months of the
digging (page 78, Golder).

The clay-rich rocks, being dispersive, are highly sus-
ceptible to erosion by water, especially when brecciated.



Much clean-up work should be expected on a regular basis,
because of the highly dispersive nature of the lower claystone on the
Western side of the pit. Mine operations will have to carefully plan
the approach and access for a return to areas where the benches have
been left standing for a number of years.

5.2.3.7 Other Geotechnics

1. Faults

Where possible, faults are mined in the direction of the
dip, so that the zone is traversed as gquickly as possible and the fault
is first met in the upper part of the face. Removal of weak, faulted
ground and unloading of the lower part of the face containing the faults
is therefore possible.

The weakest members of the coal sequences are normally
the argillaceous interbeds along which tectonic shearing has often
developed (page 73, Golder). The stability of any slope formed in the
coal would therefore be dependent on the orientation of the bedding
planes in relation to the bench orientation, Local joint sets and
unique structures such as faults would cause local stability problems.

This situation is well exemplified in Trench A, where the
Northern and Southern faces were excavated normally to the strike and
are stable, The Western face was excavated parallel to the strike and
is unstable, :

2. Waste Dumps

Because of the large proportion of the weak bentonitic
clay, conventional mine waste dumps are not feasible. It is necessary
to store the material behind engineered embankments. No major geo-
technical problems are envigaged for waste dump or embankment stability,
either in Houth Meadows or Medicine Creek, provided material quality
selection and the recommended designs are adhered to,

Embankments would be constructed of clean granular £ill

from the stripping of the glacio~fluvial sands and gravels; the materials
could be placed by spreader,

5 =10



The conglomeratic unit of the Coldwater Formation below
the coal would provide a sufficiently strong buttress between the Houth
Meadows Waste Dump and the pit to inhibit instability during the pit
operation,

5.2,3.8 Field-Test Knowledge and Experience (Bulk Sample Program)

The bulk sample excavations were undertaken in 1977 in
disturbed, weathered materials above the water tabls. Much information
has been obtained from this work program defining the strength and
nature of the materials in both coal and waste zones. Equipment perfor-
mance of motor scrapers, hydraulic shovel excavators, rear dump trucks,
and bulldozer ripping, coal-crushing, waste dump stability, road-making,
revegetation of dumps, drainage conditions, and climatic effects of
freezing-thawing on bench faces causing detrition - were all studied and
yielded basic information from which conclusions have been drawn for
mine planning.

The strength and nature of the deep-seated coal and clay
beds has been geotechnically evaluated by testing drill core samples
from exploration drilling programs covering the entire No. 1 Deposit and
its adjacent perimeter area., The results of uniaxial compressive
strength-testing of the rocks are presented graphically in Figure 5~2 by
Golder Associates.

5.2.3.9 ‘ Mining Methods Assumptions

Selective mining by careful removal of the clay partings
within the coal beds has been planned. Drilling and blasting the
benches is neither required nor desirable; hydraulic excavators can do
the digging efficiently and provide the selectivity of materials for
loading in trucks. (Golder's Tables 5-1 and 5-2 indicate the test
results of the various materials and "diggability' under "Geotechnical
Comments".)

The changes that will necessarily be introduced into the

geometry of pit slopes as mining proceeds can only be determined as
actual experience in excavation of the various materials is obtained.
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Adoption of a flexible mine plan and selection of equip-
ment initally must allow for changes in mining methods and pit design
later omn.

5.2.3.10 Ultimate Sleopes

The eventual dissipation or equilibration of negative
pore pressures may indvce slides in the final pit slopes. The process
would probably be one of progressive failure, with the back scarp of the
slide retreating over many, possibly hundreds of, years until a stable
situation is achieved. One way to prevent this would be to back-fill
the excavation of the No. 1 Deposit with fill from waste excavated from
the No. 2 Deposit if it is eventually mined by open~pit metheds.

It is anticipated that after a period of mining, the pit
will have grown to a size that will require realignment or replacement
by other means, such as a tunnel or conduit of some 1,400 m of the Hat
Creek Diversion Canal. Subsequent realignment of the canal to suit the
ultimate pit slope is considered to be the most economical arrangement,
but mining of the total resource may preclude this due to the surface
ground slope.

The alternative scheme for the long-term diversion of Hat
Creek is to put it in a tunnel around the Eastern side of the pit. The
timing of the construction of this tunnel will depend on what happens
with mining and slope stability near the camal. The surface ground
between the pit excavation and the canal will be constantly monitored
for both effectiveness of depressurization during mining and also for
signs of movement or '"creep'". Such movement could lead to cracking or
rupture of the canal, causing seepage into the Eastern side pit walls
and consequent instability. Action will be taken to relocate the canal

when necessary.
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5.2.4 Hydrology

5.2.4.1' The Hydrology Program

Its purpose is:

to define the groundwater-pressure regime;

to assess the feasibility of depressurizing the proposed
mine slopes by drainage and pumping;

- to evaluate the permeability of the materials, their
dewatering characteristics, and recharge;

to test depressurization by electro-osmosis,

5.2,4.2 Hydrological Relationship to Geotechnical Constraints

Slope depressurization is necessary if the final pit
slope angles to be used for pit design are to be steeper than those
calculated for undrained slopes.

The permeability of the materials to be excavated in
mining to depth controls the capability of drainage, which in turn would
determine the handling characteristics of the materials to be handled.
It also controls the ability to depressurize the ground in situ.

Knowledge of what groundwater flows exist provides the
basis for predicting slope stability and the possible hazards of acti-
vated slides, Depressurization by dewatering and unloading is necessary
to achieve improved pit slope angles. The quantities and qualities of
water to be intercepted by the pit excavation as it is deepened estab-
lishes the design basis for the mine drainage scheme.
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5.2.4.3 Work Programs and Methods Used to Determine the Hydrology

l. Piezometers

During three years of exploration drilling programs,
piezometers have been installed in over 200 holes. Many of these holes
have multiple standpipe piezometers. Records have been accumulated from
reading the water levels in these holes, and 184 working piezometer
holes are still being recorded monthly. The opportunity was taken to
install instruments in holes being drilled for coal exploration within
the pit area, in holes being drilled for geotechnical purposes in the
pit slopes, in the slide area, and in the waste dump areas of Houth
Meadows and Medicine Creek. Full piezometric coverage of the site in
depth and area has been obtained as shown on Figure 5-4.

Sixteen of the holes have had more sensitive pneumatic
packer-type piezometers installed in the standpipes to give pressure-
fluctuation readouts. Some of these were used for quick response in the
pumping tests. Piezometer hydrographs have been prepared from the
piezometric data and evaluated.

2. Pump Testing Program

Six pump tests were carried out designed to assess the

geohydrological characteristics of the major stratigraphic units. The
pump tests measure the hydrauliec conductivity of the material and
evaluate the possibility of depressurization (drainability or perme-
ability), and the recharge capability.

3. Falling and Rising Head Tests

These were carried out in pilezometers located within
specific zones and indicate the hydraulic conductivity of the zone

materlal.

Table 5~3 gives a summary of results of these field tests
on bedrock units.

5= 14



5.2.4.4 Conclusions

Hydraulic conductivities of all the zones in the pit area
are very low except in the surficial materials (gravel and sand over-
burden). Permeability of the bedrock zones and the coal was so low that
no pumping could be done; hand-bailing methods were ‘used.

In general, depressurization by dewatering is not likely
to be effective in these bedrock zones; pumping and drainage cannot be
relied on to reduce the pore pressures in working slopes, because the
ground is toc impermeable.

Piezometric response data before and after the pumping
test showed that there was a general downward movement of groundwater
from the surficial sediments and through the overlying siltstone/
claystone into the more permeable coal units.

Hydraulic conductivity values for lithologic units, while
all low, have differences that might be related to formation facies
variations and possibly to structural features such as faults and
joints.

It is likely that for the weaker rocks the distribution
of the clay fraction within the materials controls the hydraulic con~-
ductivity, Figure 5-5 shows the variations.

5.2.4.5 The Hydrogeological Picture of the Hat Creek Valley

From the work performed by Golder Associates, a reason-
ably clear model for the Hat Creek Coal Basin has emerged. The model
can basically be divided into three hydrogeological units: the sur-
ficial deposits, the cozl, and the sediments above and below the coal.

The surficials are highly variable, changing from pre-
dominantly slide debris and till on the West to gravels and fine sands
on the East. There is a wide range within the hydrogeological parameters
in this unit, with the alluvium in the valley bottom giving relatively
high hydraulic conductivities. They constitute the major water-bearing
units in the Hat Creek Valley.
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The coal parameters are also variable and are not easily
characterized. Falling head tests suggest that the B and D-zones are
generally four orders of magnitude more permeable than the A and C-
zones, possibly because of their generally lower ash content and greater
development of structure. Although the single pump test (W-77-1) in the
D-zone coal did not suggest good draipability, it has been assumed that
these materials will be more drainable than the non-carbonaceous Coldwater
sediments. A pump test (W-78-2) in the cleaner part of the A-zone coal
has shown that this unit can be relatively easy to drain, at least in
some areas.

The remaining Coldwater sediments (claystone/siltstone/
conglomerate) have very low hydraulic conductivities and low comsoli-
dation coefficients.

The pre-mining water table surface generally parallels
the topographic surface and is at or near the ground surface in the Hat
Creek Valley. BHowever, in places the piezometric surface is up to 100 m
below ground on the Eastern side and above ground on the Western side of
the valley. The flow systems are shown in Figure 5-6.

The Western bench slopes would not be well drained and
groundwater discharge in the form of springs and seeps are common,
particularly below the 970 m contour. This South-West perimeter of the
pit frontage, with its overlying masses of inactive slide material,
could become unstable again due teo mining excavations.

Mining consideration has to be given to control of
sliding, or potential sliding, by means of preventive rather than
remedial action. Mine planning has to include comnsiderable work to
achieve control by two processes: drainage dewatering and unloading.
The drainage has to be done as early as possible before mining starts.
"Unloading” should be considered part of the overall mine planning when
stripping and slope angles are being assessed; the degree of negative
pore pressure response will become apparent after several years of
mining have taken place.

5.2.4.6 Controls and Preventive Measures

1. The Mine Drainage Plan

Described in "Sectiom 6.3.2.1, The Open Pit", this report
deals with the diversion of Hat Creek and Finney Creek perimeter drainage,

in-pit drainage, and dewatering wells.
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In Section 6.3.2.2 the whole drainage scheme of the
South-West slide area is described.

A more detailed document of the whole drainage system has
been prepared by CMJV Consultants, which incorporates the Golder Associates'
recommendations and findings. (Ref: '"Hat Creek Project - Mine Drainage
Report', CMJV, October 1979)

2. Pressure Control by Electro-Osmosis

In "difficult-to-drain" situations this method can be
used to increase the factor of safety against failure by driving the
water away from a face to a point where it can be pumped - e.g. a well,

An electric current is fed into the ground between two
electrodes. The potential difference set up between the electrodes in
ground of low hydraulic conductivity creates seepage pressures due to
electro-osmotic flow, which directs water away from the anode to the
cathode. The cathode can be constructed in the form of a well which can
be pumped. ‘

A test was carried out at Hat Creek at pump test hole
#w 77-2.

Reductions in pressure of over 14 m head were achieved at
the ancde over a period of 20 days, and it was concluded that the
technique could have some application at the site. The technique is
mostly suited for stabilization of limited areas, because of the time
and cost of the installations needed.

5.2.4.,7 Evaluation of Piezometer Hydrographs

Hydrographs of 227 piezometers fnstalled in 137 boreholes
drilled in 1976-78 have been studied and are presented in Appendix 12 of
Golder Associates' Report. The hydrographs are based on monthly readings
in both standplipe and pneumatic piezometers. The following conclusicns
may be drawn from this analysis:

(1) Standpipe piezometers installed in claystone units of low hydraulic
conductivity are slow to respond. Basic time lags range up to six
months;
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(2)

(3

(4)

(3)

The pneumatic piezometers are significantly more responsive;
however, a reading resolution of 0.5 m with current read-out-
sensitivity reduces theilr capability to detect seasonal changes;

Most piezometers showed a slight rise (0.3 to 2 m) during the Fall
and early Winter, and some shallow piezometers in more permeable

rock zones showed a similar rise during the Spring melt in April to
May;

Once the piezometers stabilized, the observed seasonal changes in
piezometric levels appear to be less than 3 m for all but a few
installations:

Piezometers in the more permeable surficial materials, with the
exception of those close to watercourses, showed similar responses
to those observed in the bedrock zones,

A longer period of recordinmg will be necessary before a

more definitive rainfall~recharge relationship can be determined.
However, these hydrographs show that there are.two periods during the
year when groundwater recharge does take place, and, as expected, the
seasonal changes in piezometric evaluations are very small.

5.2.5

Material Characteristics

5.2.5.1 General Description

The open pit will be directly concerned with the following

four major types of materials:

Unconsolidated: Surficial deposits - glaclo-fluvial sands and
gravels;
Slide debris - breccia, volcanic debris,
bentonite clays;
Consolidated: Coal beds - 1In-situ coal zones;

Cold water rocks

bedrock clay, waste rocks.
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A large number of identified rock types was consolidated
into 10 prinecipal categories of materials:

(1) Clean coal;

(2) . 511ty coal and shaley coal;

(3) ' Carbonaceous shale and carbonaceous claystone;
(&) Shale and claystone;

(5 Silty claystone and silty shale;

(6) Coaly shale and coaly siltstone;

(7 Carbonaceous siltstone;

(8) -Siltstone;

(9 Sandstone;

(10) Conglomerate.

. The strengths and geotechnical characteristics of these
materials are dealt with in Section 5.2.3, along with concerns for slope
stability and design slope angles. See also Tables 5-1 and 5-2.

In general, the open~pit mining of the Hat Creek No. 1
Deposit will be in relatively weak and soit rocks and overburden. The
coal beds will be the strongest members of the whole strata of sedimentary
beds intersected by pit excavations. However, even the coal beds cannot
be considered as hard rock. The coal itself varies from hard to soft
rypes, depending on how much clay is in it.

The other major factor inherent in the materials being
mined is the moisture content of the materials. From the drilling
programs, bulk sample excavations, and geological theory of deposition
of the coal beds, it is known that all the materials will be saturated
and almost non-drainable. Bench faces may develop a skin dryness, but

this will probably only penetrate to a maximum of cne metre after a year
of exposure.

Climatic changes over Winter freezing and Spring thawing
will affect material characteristics because of their high moisture
content.
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The bentonitic clay seems prevalent in a lot of the
upper-zone interbed partings, especially in the West and South-West
areas of the pit. This clay absorbs moisture, swells when wet, and
becomes extremely sticky and slippery. Waste materials will react
according to how much bentonite (montmorillonite) they contain.

The wet low-grade coal is generally mushy and weak in
strength. This will cause problems in mining the A and C zones' benches.

5.2.5.2 Specific Gravity

In. the course of the exploration driiling programs,
specific gravity tests were conducted in 5,622 samples, using a variety
of methods. This testing covered a large number of materials of both
coal and waste, '

The specific gravity test results, together with the ash
and moisture determinations for the samples, were input to a computer
data file. The data were retrieved from the file summarized by various
classifications. For each case, cumulative frequency distribution
curves were plotted and standard statistical parameters calculated:
mean, standard deviation, standard error, and range. Scatter diagrams
were produced in each case for ash vs. specific gravity, ash vs. moisture
content, and specific gravity vs. moisture.

Examination of the scatter diagrams produced the following
conclusions:

(1) For coal and coaly materials, there is a distinct ash-specific
gravity relationship;

{2) There is no apparent difference in this relationship in the dif-
ferent coal zones;

(3) In the higher ash range, there is some indication of a curvilinear
relationship; however, with the scatter of the available data, this
could not be confirmed;

(4) There are no apparent relationships between moisture content and
ash, nor between moisture content and specific gravity.
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Since the distribution diagrams for coal demonstrated the
same trend and overlapped, the plot with the least scatter that ade-
quately represented the range (303 samples), was selected to establish
the regression relationmship:

Specific Gravity (coal) = 1.21104 + 0.00738 x Dry AshZ
(Correlation coefficient = 0.90510)

For comparative purposes, a second relationship was
determined for 120 samples of shaly coal. This relationship produces
very similar results to the first equation over most of the range, with
a maximum difference of 2% at the extremes, which increases the con-
fidence in the selected equation.

The specific gravity of the many types of waste materials
does not lend itself to analysis and correlation. Based upon inspection
of the data, the following were selected for use in the study:

Surficials and Waste Rock: Specific Gravity = 2.00

Burn Zone: Specific Gravity = 2.16

" 5.2.5.3 Swell Factors

The swell factors of three primary materials were studied
and the results are as follows:

LY

As Dumped in
Mined Stockpiles
Coal 35% 35%
Waste above bedrock
~ Granular surficials 20% 15%
~ Cohesive surficials 307 25%
Bedrock waste 30% 25%

Lacking site-specific measurements to derive swell
factors for large-scale materials-handling activities, each planned
waste dump was arbitrarily limited to approximately 75% of its recom—
mended capacity. This would allow a safety margin should swell factors
during actual operation be greater than those used in the study,
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5.2.5.4 Material Cutting Resistance

Uni-axial compression tests and tri-axial shear tests
were carried out to determine the cutting resistance of the various
surficial and bedrock materials. :

The average test results are shown on Tables 5-1 and 5-2.
The same tables indicate the moisture content by type of materials,
which exerts a major influence on the characteristics of mined materials
and related equipment productivity.

5.2.5.5 Bearing Capacity of Materials

For the mine buildings and fixed structures generally,
the in-situ strengths of both surficial materials and bedrock are
expected to exceed the minimum specification of 5 kg/cm? for foundation
support.

A study was made to determine the ability of roads to
support large mobile equipment working at high production rates. Roads
on granular surficial materials were considered to require minimal
preparation, construction activities consisting of f£illing excavations
or other hollows with adjacent materials to attain a uniform gradient,
and providing for drainage. Normal road topping would be applied to the
graded surface. Specific road-building techmology is only considered
necessary in the North-West slide area.

Roads on waste rock and in-situ coal are considered
capable of supporting the traffic of 154-t trucks, provided an adequate
sub-base is constructed. As the effective moisture in most of the
bedrock materials is below the derived values for plastic limits,
geotechnical conclusions indicate that heavy traffic is likely to
compact rather than to liquify the materials.

The design of haul roads crossing the active slide area
must take into account two problems: soil creep, and localized "boils"
in the bentonite clays. The first problem requires construction of a
higher standard sub-base and more frequent upkeep, resulting in higher
localized road mdintenance costs. The recommended solution to bentonite
"boils" is simply to identify them prior to road building, and to avoid
them.
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5.2.6 Dilution and Mining Loss

No allowance 1s made for dilution and mining loss in
this preliminary engineering study.

5.2.6.1 Dilution

In most mining studies it would he appropriate to make
an allowance for accidental inclusion of waste materials mined with
fuel-grade coal.

The mining approach recommended for the Hat Creek Coal
Deposit stipulates that waste partings shall be selectively removed
during mining when the thickness of these partings exceeds two metres.
The quantity of diluents in the run-of-mine coal would therefore be a
function of the surface area of the coal/waste interfaces and the
attitude of these interfaces.

The sampling procedures carried out on Hat Creek drill
cores have included significant quantities of waste material in the
samples of good quality coal., The coal quality values used in mine
planning evaluations have already been reduced due to this factor. In
actual mining operations much of this included waste would be rejected.
For this reason it was decided not to include any further allowance for
the dilution of fuel-grade coal.

5.2.6.2 Mining Loss

Mining losses of the coal reserves could occur from the
following day-by-day operating situations:

(1) Coal lost when waste is removed at coal/waste interfaces:
(2) Errors in dispatching cocal to waste dumps;

(3) Degrading of coal during ground sloughs to such an extent that
it would be dispatched to the waste dumps;
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(4) Losses from dusting of fine coal and spillages during transpor-
tatiom.

When estimates are made of these potential losses of
coal, they are found to comstitute less than half of one per cent of
the total coal mined. This parameter was therefore considered insig-
nificant and not included in the preliminary engineering design.

5.2.7 Selective Mining
5.2,7.1 Definition

The Hat Creek coal deposits are unique, because of the
immense thickness of the coal formation, which is due te the existence
of a favourable depositional enviromment for an extended period of time.
However, this period of coal deposition was frequently interrupted by
eplsodes of flooding, which introduced non-carbonaceous sediments into
the basin., These sediments produced waste partings, usually clay, in
the coal sequence. The break between coal and clay is not generally
sharp, but 'includes a transition zone which grades from good coal
through a phase where the coal and clay materials combine to form a low-
grade coal (silty coal), to a succeeding phase where the clay predominates
(carbonaceous claystone), and finally to the clay.

These perjodic inundations were particularly significant
during the deposition of the A and C coal zones. The C-zone depositional
environment appears to have been particularly turbulent, judging by the
widespread occurrence of the lower grades of coal and the relative
absence of substantial bands of good quality coal. In spite of its
erratic history, it is still possible to identify seven separate occur=-
rences of flooding within the C-zome. The A-zone was deposited in an
environment that alternated between relative calm and severe flooding.
This has resulted in bands of good coal interbedded with clay grading to
coaly shale., Within the A-zone 20 of these interbeds, ranging in thick-
ness from 2 m to 10 m, have been identified. The D-zone coal was deposited
during a stable period. Few waste partings were formed and the besrt,
most consistent quality of ccal, is contained in the D-zone. The B-zone
was also deposited under relatively stable conditions although there
were a few incursions of sediment-laden floods to produce some waste
bands.
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Similarly, within the predominantly waste zones, there
are occasional bands of acceptable coal.

|
i

The larger waste and low-grade partings are simple to
identify and easily mined as waste material. The smaller partings, up
to 5 m, are more readily mined with the coal. However, while this
simplifies the wmining process, it reduces the quality of the coal fed to
the boilers, which are subjected to additional wear and produce larger
quantities of ash to be disposed of.

The separation of these smaller partings from the coal
would improve the boiler-fuel quality. This is the selective mining
process.

Preliminary studies were conducted to assess the impact
on coal quality of the exclusion of waste bands varying in thickness
from s m to 5 m. These studies indicated that significant improvements
in fuel quality could be obtained with selective mining. This improve-
ment would be particularly significant in the A-zone. In the C-zone the
quality improvement would be small, but more coal would be recovered.
QOverall, the indications were that as much, or more, total heat content
could be recovered depending on the size of parting that could be
removed.

The results of these studies were reviewed from a practical
and economic viewpoint., The two main conclusions drawn from this review
were:

(1) The mining method employed would govern the degree of selective
mining that could be effected;

(2) The cost of separating small waste bands (}-1 m) would be high and
reduce equipment productivity significantly.

5.2,7.2 Selective Mining Methods

Experience gained during the Bulk Sample Program excavating
the coal with a hydraulic shovel established that this type of equipment
can selectively mine Hat Creek coal. During this test program, a
hydraulic shovel with a 3 m? bucket was able to segregate partings 1 m
thick. This separation is possible primarily because of the difference
in the physical characteristics between the coal which is hard, and the
partings which are soft. After exposure to the atmosphere for a week or
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two, sufficient drying of the coal face occurs to highlight the colour
differences between coal and waste. This assists in the identification
of the different materials. Observation of larger hydraulic shovels
with 10 m3 buckets at other mining operationms indicates that the wrist~
like digging action of these machines will permit selective mining of

_partings 1.5 m to 2 m thick without reducing equipment productivity.

-The hydraulic shovels have also proved effective in digging hard, rocky
materials that cable shovels are unable to cope with unless the materials
are blasted. The digging action of the widely used mining cable shovels
severely limits their effectiveness in selective mining. Blasting is

not compatible with selective mining because it loosens and mixes the
coal and partings, destroying the physical differences that are essential
to success.

Based on this evaluation of selective mining methods, it.
was concluded that partings 2 m thick and greater can be segregated
effectively without significantly reducing equipment productivity or
increasing mining costs. In practice, it will often be possible to mine
selectively bands less than 2 m, depending on theilr position and attitude.

During operation, careful control must be exercised to
ensure the success of selective mining. Closely spaced sample holes
will be drilled ahead of mining, to permit local correlation of coal
quality for short-term mine planning. This will be supplemented by
detailed geological mapping of the exposed coal faces. Reject bands
will be marked and face maps supplied to the shovel operators and their
supervisors. These maps, together with the marked differences in the
physical characteristics between the coal and waste, are expected to
ensure the feasibility of selective mining. The results obtained will
be monitored by a quality control group and by the product sampling and
monitoring of the crushed product en route to the blending pile.

5.2.7.3 Selective Mining Evaluation

Several comparative evaluations have been made of the
results obtained by selective and non-selective mining. Similar results
were obtalned in each case.

The results for a trial 35~year pit applying a 9.3 MJ/kg
cut-off grade are:
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2 m Selective Non~selective
Mining Mining
Coal-tonnes (Mt) 347 365
HHV - MJ/kg 18.06 17.12
Ash-content = 7 33.47 36.20

These results show that with selective mining:

(1) The total heat content supplied to the boilers is a fraction of a
per cent higher;

(2) The HHV is 5.57% higher;

(3) The total tomnes of ash fed to the boilers is reduced from 132
million tonnes to 1ll6 million tonnes.

From these facts it is concluded that selective mining is
beneficial because: it provides for good resource utilization; improves
boiler operating efficiency; and will improve boiler reliability due to
the significant decline in the quantity of ash handled. These benefits
can be obtained without a significant increase in mining costs.

Recent developments in the interpretation of geophysical
logs indicate that there are more coaly claystone partings in the deposit
than were identified in earlier sampling programs or incorporated into
the evaluation. This provides scope for further improvement in run-of-
mine coal quality during operatiom.
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5.3 MINING METHODS

5.3.1 Review of Alternatives

The following six alternative mining systems were identified:

(1) Shovel/truck;

(2) Shovel/truck/conveyor;

(3) Shovel/conveyor;

(4} Bucketwheel excavator/conveyor;

(5) Continuous excavator/truck and/or conveyor;
(6) Dragline/truck and/or conveyor.

From this list two systems were determined to be the
most practical: The Bucketwheel Excavator/Conveyor System and the
Shovel/Truck Conveyor System.

North American Mining Consultants (NAMCO) were retained
to assess the feasibility of the.Bucketwheel Excavator and Conveyor
System for developing the depesit, while Cominco-Monenco Joint Venture
(CMJV) carried out similar studies with the Shovel/Truck/Comnveyor
System. s

In order to deliver a consistent fuel quality (heating
value and sulphur) to the powerplant, the pit must be deepened rapidly
during pre-production and the first 10 years of production. As a result,
coal and waste mining will be carried out simultaneously on a number of
working benches. The economic advantages of employing the Bucketwheel
Excavator System in this type of operation are therefore not realized,
and this system only becomes a practical alternative when most of the
pit expansion cccurs laterally.

Because of the minimal affect on the project cost, it was
decided not to consider a change in the mining system from the Shovel/
Truck/Convever System to the Bucketwheel Excavator System during the life
of the project. It was also felt that this evaluation could better be
made after some experience had been acquired with the recommended Shovel/
Truck/Conveyor System. Since the recommended svstem has In-pit conveyors,
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and the operating life of the major mining equipment is 10 years or
less, it should be possible to have a smooth transition to a Bucketwheel
Excavator/Conveyor System if such a change were found to be advantageous.

5.3.2 The Shovel/Truck/Conveyvor System

As described in Section 5.4 ("Pit Design and Production
Scheduling'"), a series of incremental pits and a 35-year pit were
developed by computer usiag the Dipper System, based mainly on economics.
From these computer-generated data, and incorporating the design criteria
described in Section 5.2, practical, operational pit plans were designed.

The selected scheme is a Shovel/Truck System in combi-
nation with an in-pit conveyor system. . It includes a coal screening and
crushing plant at the Northern end of the pit, and a coal stockpiling
and blending facility from which blended coal is reclaimed and trans-
ported by overland conveyor to the powerplant. The low-grade coal (with
a heating value ranging from 7.0 to 9.3 MJ/kg) is treated in a dry
beneficiation plant with a capacity of 1,000 t/h. Beneficiation plant
rejects are mixed with the mine waste in the Waste-handling System,
while upgraded coal is conveyed to the blending facility.

Mine waste is transported by conveyor belts to Houth
Meadows and Medicine Creek waste dumps and deposited by spreaders. Houth
Meadows will be started in Year -1 by trucks and developed by spreaders in
" Year 1. Medicine Creek will be started by trucks in Year 12 and developed
by spreaders in Year 15, Neither of the dumps will have been built to
maximum capacity at the end of Year 35.

The mine service facilities are located at the Northern end
of the mine and South of Indian Reserve IR-1.

All the foregoing are shown in Figure 3-3 (Detailed Site
Layout Map).

The 35-Year Pit

Figure 5~17 shows the 35-year pit. It covers an area of
about 5.4 km2. The pit bottom is at elevation 662.5 m.

Significant features in the pit include:



1. Northern Exit

The mine plan developed shows multiple road access to the
various benches. The in-pit conveyor and the principal roads exit to
the North end of the pit.

Studies conducted to bring waste to Medicine Creek from g
Southern exit showed that a causeway from the pit to the dump would
interfere with the access road to the Upper Hat Creek Valley and, more
importantly, with the Hat Creek Diversion. Long, large-diameter culverts
"under this causeway would need to be installed te make this scheme
possible,

It was confirmed that the in-pit conveyor should exit to
the North. The natural saddle of footwall waste between the two synclines
provides an ideal location for the conveyor which would not entail
additional mining of waste. An in-pit conveyor belt exiting South would
require more waste to be mined to allow for an acceptable slope.

2. In-Pit Conveyors

A four-line, 1,500 m in-pit conveyor-belt system extends
from 895 m elevation at the surface to 702 m elevation. A study of the
number of mining benches and the corresponding hauling distances to the
various delivery points confirms that the In-pit Conveyor System is
essential for a more efficient hauling operation and the reduction of
haulage costs.

3. Dump Stations

Three dump stations are located adjacent to the in-pit
conveyor to which coal, low-gtrade coal, and waste material are delivered.
The locations of the dump station were governed by the material distri-
bution by bench and their corresponding average hauling distances.

Dump Stationm No. 1, at 887.5 m elevation, will handle
material mainly from 1,045 m to 865 m benches "inclusive; Dump Station
Ne. 2, at 827.5 m elevation, material from 850 m to 7753 m benches
inclusive; Dump Station No. 3, at 722.5 m elevation, material from 760 m
to 670 m benches inclusive.

These dump stations will be developed as mining progresses
in depth and when hauling to existing pockets is neither practical nor
economic. Based on computer-generated incremental pits and a study
comparing haulage costs to the dump stations, the following schedule of
installation was developed:
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Dump Station No. 1 - Operational Year -1

Dump Station No. 2 - Operational Year 8

Dump Station No. 3 - Operational Year 20

The dump station design and road network complement each
other. Material can be delivered and dumped either from the Eastern or
Western sections of the pit. This feature simplifies hauling operations

and reduces hauling costs.

4. Mine Roads

Mine roads vary in width from 25 m in coal, sand, and
gravel to 40 m in the Medicine Cresk and Coldwater formations. 4 60 m-
wide berm is provided adjacent to the active slide. This wide berm
provides ample room for periodic clearing operations should soil creep
occur,

The road network provides access at a2 minimum of two
locations to each bench, usually on opposite sides of the pit., This
operational feature will be important for two reasons: (1) it reduces
hauling distances to the dump stations; and (2) it will provide better
agsurance of cortinuous mining should localized wall failures occur.
The road network is designed to allow pit expansion after 35 years.

Three major berms are located at elevations 902.5 m,
827.5 m, and 722.5 m to coincide with the dump station elevations
(902.5 m berm is one bench higher than Dump Station No. 1). During
mining operations, access to the mining benches will be from these
berms, which are essentially extensions of the dump stations.

5. The Pit Bottom

The pit bottom at elevation 662.5 m measures 700 m x
450 m at the widest dimensions and has an area of about 263,000 m3,
A secondary pit bottom, one kilometre long and 100 m wide, is at
elevation 677.5 m. Both of these bench bottoms are totally in coal
which has a wide range of heating value. Some eight million tonmes of
coal can be mined by deepening the pit bottom without additional waste
removal. This coal provides assurance that the designed pit can meet
the powerplant requirements over the life of the project.

Mine Development

Mining is initiated on six benches west of Hat Creek and
bounded by co-ordinates 3623200 N in the North, 5624700 N in the South
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and 598400 E in the West. The pre-production pit is connected to Houth
Meadows Dump by a 2.5 km temporary surface road at 880 m elevation.
Prior to the installation of the conveyor system all comstruction
materials will be used for road construction. Unsultable materials are
hauled by truck to Houth Meadows and dumped to 880 m elevation.

Excavation for Dump Station No. 1 will be started during
pre-prcduction in order to have the station operational in Year ~1. The
reasons for starting the first dump station early are threefold:

(1) To reduce haulage distances from the pit to the dumps;

(2) To assure the supply of approximately one million tonnes of coal to
commission the powerplant in Year -1 (truck haulage to the power-
plant for this quantity is impractical);

{3} To have a source of sand and gravel for construction in and around
the mine areas. Approximately three million bank cubic metres of
sand and gravel will be mined from Dump Station No. 1 during pre-
production,

A temporary 1.5 km surface road at elevation 887.5 m
connects Dump Station No. 1l with the pre-production pit.

Figures 5~12 to 5-17 show plt development in various
stages. ’

The mining sequence adopted shows that, during the early
years, production is concentrated along the Eastern limb of the main
syncline which has a wide range of calorific value. Mining of the thick
sand and gravel beds overlying the North-East sector of the deposit is
limited at this time. By developing the pit this way during the early
vears, the average heating value is maintained and a low stripping ratio
is achieved.

In later years, as the mine develops in depth, the lower

quality coal in the Western limb 1s exposed on the upper benches. By

this time, sufficient sand and gravel will have been removed to allow
mining of the higher grade coal in the Eastern syncline. This mining
strategy ensures that both the average coal quality and the stripping
ratio will be maintained at reascnable levels.

The pre-production pit starts almost at the centre of the

deposit and expands progressively towards the final wall. This develop-
ment sequence will provide ample time to observe pit walls and prepare
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adjustments in pit design if required. The road network in the incre-
mental pits is designed to provide encugh flexibility to accommodate a
revision of the pit design. ‘

In the incremental pits, the coal benches were laid out
so that coal could be mined from them at any time without having to mine
the bench above. This ensures that a wide variety of coal quality will
be available for blending. In sectjons located in waste, three to four
benches were grouped together with the uppermost bench minable. Each
succeeding bench becomas minable as the bench above it is mined out.
This scheme was adopted to reduce waste stripping. Figure 5-3 ("Pit
Slopes") shows the systems described.

Temporary roads between benches are limited. The intention
is to construct and use the final haul roads as soon as it is practicable.

The excavation and installation of Dump Stations No. 2
and No. 3 is governed by the mining schedule of the various benches. This
results in material being hauled from the two benches above and the three
benches below the dump pocket elevation. The haul roads are designed
accordingly.
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5.4 ‘ PIT DESIGN AND PRODUCTION SCHEDULING

(

Pit design and production scheduling were performed,
making extensive use of computer software developed by Mintec Inc.,
supported by manual mine planning techniques. This section describes
the methods employed to perform the work starting from the Variable
Block Model (VBM) developed earlier (described in Section 4.8) to the
completion of the production schedule.

5.4.1 Planning Data

A set of cross—sections and bench plans for the coal
deposit were produced to provide a clear picture of the structure and
the spatial distribution of coal gquality.

The preparation of the cross-sections from the Variable
Block Model was straightforward. Each cross-section in the model was
computer-plotted showing the geological sub-zones (see Figure 5-9) and
the reserve blocks together with the tonnage and heating value for
each block.

The preparation of the bench plans was more complex,
because the VBM was constructed on cross-sections. The plans were
ultimately produced by manually adjusting the computer plots. The
adjustments required were primarily in areas of structural complexity
and where sub-zones terminated between sections. The bench plans were
produced for the mid-points of 27 benches at 15 m intervals, Each
sub-zone block was annotated with an identification number, its coal
tonnage, heating value, and waste quantity. These plans and sections
were colour coded by heating value range for easier use in mine
planning (see Figure 5-10).

5.4.2 The Dipper System

The Dipper System is designed to assist the mining
engineer to develop mine plans and production schedules quickly. This
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permits the evaluation of many alternative mining sequences in the
time it takes to develop a single plan manually and results in a more
practical and economic mine plan.

The Dipper System is designed to operate using a rect-
angular block model of the deposit. The blocks used for the evaluation
of the Hat Creek Coal Deposit are 50 m square in plan and 15 m high.

A block of ccal this size represents approximately 55,000 t£. Smaller
blocks can be used to refinme the pit design and production schedule,
where warranted, by closely spaced data, at the expense of increased
computer time. The model defines the mining area using 196,000 blocks.
For each block the waste volume, coal tonnes, and heating value were
calculated from the Variable Block Model.  These calculations are made
every 10 m, and the resulting composite values accurately reflect the
geological interpretation and quality data for each block. The surface
topography was digitized and input to the Dipper Model.

To permit the evaluation of alternmatives, a value
function is required. A gross value is assigned to each block based
upon its total heat content. This gross value is reduced to a net
value by the deduction of variable assigned overhead and mining costs
for use in pit design.

The mining geometry in Dipper 1is simulated by a series
of inverted, truncated cones. Each cone is defined by the base radius,
which is equivalent to half the minimum mining width, and the slope,
which can be varied in up to nine specified directions to reflect
varying pit slopes. The centre of each cone coincides with the centre
of a block. Any block whose centre is within the cone generated is
included in the volume mined. :

The design of the pit is controlled by the requirement
to meet certain criteria. Typical parameters that can be varied in
applying the Dipper System include:

(1) Mining cost;
(2) Minimum average heating value for each cone;
(3) Maximum stripping ratio for each cone;
{(4) Required coal tonnage in a pit increment.
When these criteria have been specified, the pit limits

are determined by evaluating the cones within the boundaries defined
by the engineer. The parameters of all blocks contained by a cone are
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accumulated and the results tested against the criteria. If the cri-
teria are met, the cone is mined, and the process is repeated for
another cone until the required tonnage is mined or no further cones
meet the criteria.

Data displays available include:
(1) Printer plotted symbol maps of the deposit by section and bench;
(2) Symbol maps showing the pit limits onr each bench;

(3) Tabulated summaries of reserves,

5.4.3 Pit Desipgn

The Dipper System's pit design capabilities were tested
by developing a sequence of incremental pits to produce 347 million
tonnes at an average heating value of 18.0 MJ/kg. The final pit bottom
had moved about 200 m South compared with earlier manually designed
pits; the stripping ratio was significantly reduced in the early years,
with only a small improvement in the overall stripping ratio. The
Dipper results were checked against cross—-sections, bench plans, and
previous designs in order to evaluate the differences. After checking,
it wags concluded that the results of the test ware reasonable and that
the system should be adopted for the pit design work.

Further tests were performed in order to remove concerns
about the validity of the costs assigned and also to try to improve the
coal quality in the first five years of operation. The cost parameters
were varied in a series of rumns, and it was found that the relative
economics provided a sound basis for the design of a sequence of 'best"
pits. The coal quality improvement tests demonstrated that the objec-
tive could be achieved, but would result in an extended period of
unacceptably low quality fuel later. This was a valuable exercise in
demonstrating the speed and flexibility of the Dipper System.

In applying the system to the design of the overall pit
slope aggles were established in four directions: East 20°, South and
West 19, and North 15 (to allow for the conveyor ramp -~ see Figure
5-11). These overall slopes were determined from manually designed
pits, which reflected the geotechnical constraints and incorporated mine
haul roads. In the initial runs the minimum average heating value for
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each cone was set at 17.0 MJ/kg and the maximum stripping ratio at 2.0.
In subsequent runs these parameters were varied to force desired improve-
ments in the plan.

The required coal tonnage in a pit increment was set at
approximately one year's production for the first 10 years, and in five-
year segments thereafter. In designing the interim pits, a flatter
working slope (16 except to the North) was used.

The pit is designed one increment at a time until s final
pit is reached which provides sufficient tonnage of an acceptable quality.
When a satisfactory final pit was established, a pit design was prepared
manually to incorporate roads, crusher stations, and conveyorways. The
interim pits were then re-worked to modify the quality or stripping
ratio. In this fine tuning process, the pit design can also be forced
to excavate materilal in a particular area to permit installation of
required facilities.

The results for the 16 incremental pits developed are
presented in Table 5-4. 1In arriving at this final series of pits, a
total of 92 increments were examined to ensure the production of a
consistent quality of fuel and to reduce the fluctuations in the
stripping ratio.

5.4.4 Production Scheduling

At this stage of a project production scheduling would
not normally be carried beyond the stage reached with the completion of
the sequence of interim pits. However, in the case of the Hat Creek
Project it was considered necessary to ensure that the larger, five-year
increments did not include extended periods where only unacceptable
quality fuel was available.

Working within the incremental design pits, productien
scheduling selects the coal t£o be mined in a given time period. This is
accomplished by examining the pit bench by bench from the top down,
removing the coal until the production requirements are met, and lden-
tifying the waste that must be removed to permit mining that coal. This
process is repeated for succeeding years until all the coal in that pit
increment is mined. Scheduling then continues from the next increment
and progresses until the pit is mined out.
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This preliminary production schedule showed a wide
fluctuation in the gquantities of waste removal for each year. To
ensure a practical mining operation that makes efficient use of the
equipment available, these fluctuations must be smoothed out. This
smoothing was achieved by establishing the annual waste production
capacity and forcing advanced waste removal in low stripping years.
This procedure was effective, and a practical production schedule
was produced that maintained an acceptable quality of fuel and balanced
material quantities over the life of the project.

Initially, the production schedules were developed
based on an annual coal tonnage requirement at an average quality. The
resulting schedule showed that the total heat content of the coal
produced in a given year deviated from the powerplant requirements. To
overcome this problem the production was rescheduled to deliver the
required total heat content.

The Adjusted Production Schedule (Table 5-5) shows the
final production schedule that was produced by this process. A final
manual adjustment was made to this schedule to incorporate waste removed
outside the pit limits for the development of facilities (Table 5-6).
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5.5 WASTE DUMPS AND EMBANKMENTS

5.5.1 General

The total amount of waste material mined from the pit
over its 35-year lifespan would be 426.8 million bank md. Two areas
have been selected where the waste could be safely and economically
dumped: (1) Houth Meadows, at the North-West rim of the pit, with
a maximum capacity of 542 million m3 or about 439 million bank m3;
(2) Medicine Creek, about one kilometre South-East of the pit, with
a capacity of 257 million m3, with the crest at 1,130 m elevation.
The potential exists for Medicine Creek to be raised to 1,200 m
elevation which would increase the capacity by another 310 milliom md

" for mine waste and ash.

The selection was based on proximity, capacity, geo-
technical characteristics, and topographical and geological features
which render both dumps capable of meeting the most stringent require-
ments. Another significant factor was the possibility of expanding the
35-year pit to mine out the No. 1 Deposit and starting to mine the No. 2
Deposit to the South.

Comprehensive studies were undertaken by Golder Associates,
geotechnical consultants, and their recommendations incorporated into the
design of the dumps (see Section 5.5.2). B.C. Hydro's own geotechnical
engineers have reviewed the consultants' work, and have issued a report
"Memorandum on Proposed Waste Disposal Embankment Studies", dated October
1979. Section 7 of their report, Conclusions and Recommendations for
Final Design Studies, is shown in Section 5.5.6.

5.5.2 Geotechnical Constraints and Parameters

5.5.2.1 Material Parameters

Tests have led to establishing two general categories of
waste:
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(1} Unstable and very weak bentonitic claystones and siltstones, and
weak silty and clayey sedimentary deposits, These materials would
remain in an unconsolidated condition for many years, and their
shearing resistance would be that of a partially saturated material
in an undrained condition. They will therefore need to be retained
by well-engineered embankments;

(2) Stable and relatively stronger material consisting primarily of
sand, gravel, and till, These materials are suitable for embank-
ments as well as for construction of roads, yards, and as concrete
aggregate,

5.5.2.2 Parameters of Waste Dumps and Embankments

Geotechnical tests and studies were concerned with three
main issues relateé.to dump stability:

(1) The stability of retained waste;
"{2) The stability of retaining embankments and their foundatioms;

(3) The gross interaction of waste dumps and pit slope excavations.

1. The Stability of Retained Waste

As the dumps must be considered on the basis of long-term
stability at maximum capacity, they must be located in relation to the
walls of the ultimate pit. Field and laboratory tests were performed,
including an examination of the characteristics and stability of a trial
waste dump on site., From these it was concluded that the retained waste
can be kept stable, whether saturated or unsaturated by keeping it
within the recommended surface slope of 5%. This slope could be increased
as more experience regarding slope stability is gained.

2. The Stability of Retaining Embankments and
their Foundations

The embankments must be free~draining and constructed
entirely of well-graded and fairly clean sand and gravel. To remain
stable, they must be uncontaminated by bentonitic clays, and be designed
with a safety factor to hold the retained waste when either in a satu-
rated or a fluid state. The recommended overall slopes for the embank-
ments are 2.5 horizontal to 1 vertical ou the outside face, and 1:1 on

the inside face.
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3. The Gross Interaction of Waste Dumps and
Pit Slope Excavations :

The Houth Meadows Dump is sufficiently close to the pit
for the stability of the dump and the pit slope to be considered as a
unit. A North-East to South-West-trending conglomerate ridge has been
identified West of the pit. This would form a buttress and provide
additional support to the dump.

The Medicine Creek Dump is far enough from the 35~year
pit but would be within 600 m from the pit rim of an ultimate, or total
resource, pit, Investigations were conducted on the basis of the total
resgurce pit from the CMJIV report rather than the 35-year pit. Present
studies indicate that the sequence of granular rocks underlying the
Medicine Creek embankment would provide adequate long=-term support to the .
- proposed dump, '

5.5.3 Construction and Development

Although both Houth Meadows and Medicine Creek dumps at
maximum capacity can accommodate the total 35-year mine waste, it is
recommended that neither dump should be built to capacity until more
data is available. Material characteristics relating to swell factors
are uncertain and can only be ascertained during actual operations.

Room for additicnal waste will also be required for any expansion of the
pit. Neither the Southern end nor the bottom of the No. 1 Deposit will
have been mined out after Year 35.

0f the two dumps, Houth Meadows will be the first to be
coustructed. It will be developed at a full rate from Year 1 to Year 14
by two conveyor-spreader systems, each working in 35-m lifts. From
Year 12 to Year 14, haulage trucks will lay the foundations of the
Medicine Creek Dump in preparation for one of the conveyor~spreader
systems which will be transferred from Houth Meadows. From Year 15
onwards, both Houth Meadows and Medicine Creek dumps will be constructed
concurrently, Figure 5-18 shows the different stages in the development
of each dump. This sequence of dump development is geared not only to
the most efficient exploitation of the No. 1 Deposit during the 35-year
project life, but takes into account the possible expansion of the No. 1
Deposit and/or future mining of the No. 2 Deposit. It also allows ample
time to study the effects of accumulating large amounts of waste in the
dumps.
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The development sequence for each 35-m 1lift is divided
into three phases: :

5.5.3.1 Construction of Access Roads and Initial Conveyor Pads

Conveyor pads will be constructed at the far end of the
dump from the retaining embankment at an elevation 20 m above the
existing dump surface in that area. Access roads and conveyor pads will
be-constructed on contour using sidehill cuts to the extent practical.
Conveyor pads will be 40 m wide, which is sufficient for the installation
of the shiftable conveyors and initial operation of the spreader.

The access roads and conveyor pads will be built with
glacial till, sand, or gravel. Road construction equipment: front-end
loaders, 32-t trucks, dozers, graders, and compactors, will be used for
this job. This equipment will also be used for filling areas inacces-
sible te the spreaders.

5.5.3.2 : Dumping General Waste

The spreader will start dumping waste from the initial
conveyor pad. The first spreading pass will be on the downhill side of
the conmveyor, where a 20-m 1lift will be placed bringing the filled area
up to the elevation of spreader tracks. This lift will be levelled and
its surface compacted by bulldozers to prevent moisture penetration.
This operation continues until the spreader has completed placing the
lower 1ift, The spreader is then relocated to the uphill side of the
shiftable conveyor, where it places a 15-m lift of waste above its
operating elevation. When this upper 1lift is completed, the shiftable
conveyor is moved towards the embankment on top of the previocusly placed
20~m lift., The new location for the conveyor is not closer than 25 m to
the crest of the fill.

The cycle is then repeated with the placing of the lower
20-m lift, then the upper 15-m lift, followed by advancing the conveyor.
This process continues with general mine waste until the Conveyor-
spreader System reaches the upstream face of the embankment.

This system is illustrated in Figure 8-7.
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5.5.3.3 Construction of Embankments

When the Conveyor-spreader System reaches the embankment,
the operation continues in the same manner, but the materials trans-
ported and placed must be the approved construction materials: sand and
gravel uncontaminated by bentonitic clays. On completion of the embank-
ment section of the 35-m 1lift, the face of the embankment must be trimmed
to the designed 2.5:1 slope ready for revegetatioen. The shiftable
conveyor system is dismantled and re-erected on a new conveyor pad
constructed at the planned elevation of the next life.

This dumping sequence prevents the ponding of water
between the general mine waste and the embankment. Routine grading of
the dump surface and ditching will be required to collect surface runoff
and direct it into the main drainage treatment and disposal system.

Tables 5-7 and 5-8 show the capacity by 1ift of the Houth
Meadows and Medicine Creek dumps and the construction schedules.

5.5.4 The Houth Meadows Waste Dump

Development of the Houth Meadows Dump will start in about
Year -1 after the causeway for the Main Transfer Conveyor has been
built. Prior to the comstruction of the dump, the base will be prepared
by laying free-draining sand and gravel material for drainage and con-
structing a leachate collection facility at the toe of the embankment.

Waste from the pre-production pit, and sand and gravel
from Dump Station No. 1, will be hauled by trucks. These will be used
to build the dump to the 880 m elevation. In the meantime, the road
construction equipment will be constructing the first transfer and
shiftable conveyor pads a: the 900 m elevation. Conveyor-spreader
System No. 1 will be installed at this elevation so that waste can be
dumped to the first 35-m lift (between the 880 m and the 915 m elevation)
in Year 1.

The second transfer and shiftable conveyor pads at the
935 m elevation will be built after the 880-915 m lift has advanced far
enough to allow space for construction. Conveyor-spreader System No. 2
will be installed at the 935 m elevation and dumping of waste to the
second lift (between the 915 m and the 950 m elevation) will commence in
Year 2. Both of the conveyor spreader systems will then work concur-

rently, in parallel.
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Following the two bottom 35-m lifts, the schedule for the
succeeding lifts is:

(1) Construct transfer and shiftable conveyor pad at 970 m elevation in
Year 5; relocate Conveyor-spreader System No. 1 from the 900 m
elevation; commence waste dumping in Year 6. Upon completion of
this 1lift in about Year 14, the conveyor and spreader will be
transferred to Medicine Creek;

(2) Comstruct a transfer and shiftable conveyor pad at the 1,005 m
elevation in Year 8; relocate Conveyor-spreader System No., 2 from
the 935 m elevation and commence waste dumping in Year 9. The 985-
1,020 m lift will be completed in about Year 22;

(3} Construct a transfer and shiftable conveyor pad at the 1,040 m
elevation in Year 22; relocate Conveyor-spreader System No. 2 from
the 1,005 m elevation, commence waste dumping in Year 23 and carry
on the operation until Year 35. A total of 305 milliom nd will be
dumped in Houth Meadows from Years -2 to 35. £ further 134 million m3
could be placed in this area if required.

Houth Meadows is designed with the ultimate embankment
crest at the 1,005 m elevation. The major embankment runs from the hill
by the Hat Creek road - Lilloocet Highway junction to the NE-SW-trending
conglomerate ridge. Three minor embankments are located running in an
East-West direction and are required to prevent waste from flowing on to
the Lillocet Highway. As recommended by the geotechnical consultants,
the dumps are designed with a 2.5 horizontal teo 1 vertical on the outside
face and 1:1 on the inside face of the embankment. TFigure 5-21 shows
the waste dumps slopes.

The retained waste dump 1§ designed sloping at a 5% grade
from the crest of the embankment at the 1,005 m elevation to the Western-
most limits at the 1,150 m elevation. The surface area of the dump
covers approximately 580 ha at maximum capacity.

Surface water in the dump area will be collected by a
suitable drainage system around the perimeter and surface runoff will
ultimately be collected in the settling ponds. Figure 5-19 is a detailed
drawing of the Houth Meadows Waste Dump.
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5,5.5 " The Medicine Creek Waste Dump

Development of Medicine Creek Waste Dump will commence in
Year 12, three years before the installation of the Conveyor-spreader
System. Contractors will prepare the base of the dump by laying free-
draining sand and gravel material for drainage, and will build the
narrow portion of the dump up to the 1,040 m elevation by trucks.
Approximately 9.4 million bank m? will be hauled by the contracteors over
a temporary road. By the end of Year 14, construction work should have
been completed. The dump will then be built using Conveyor-spreader
System No. 1, which will be transferred from the Houth Meadows Dump.

The dump development sequence is as follows:

(1) Truck construction: base of dump to the 1,040 m elevation from
Year 12 to Year 14, by contractor, using haulage trucks;

(2) Construct transfer and shiftable conveyor pads at the 1,060 m
elevation in Year 1l4; relocate Conveyor-spreader System No. 1 from
Houth Meadows Dump in Year 15; dumping of waste 1,040-1,075 m 1lift
from Year 15 to Year 18;

(3) Comstruct transfer and shiftable conveyor pads at the 1,095 m
elevation in Year 17; relocate Conveyor-spreader System No. 1 from
the 1,060 m elevation in Year 18; build 1,075-1,110 m lift from
Year 18 to Year 26; .

(4) Construct transfer and shiftable conveyor pads at the 1,130 m
elevation in Year 25; relocate Conveyor-spreader System No. 1 from
the 1,095 m elevation in Year 26; build 1,110-1,145 m 1ift from
Year 26 to Year 35. '

A total of 113 million bank m® of waste will be dumped in
Medicine Creek from Year 15 to Year 35. About 29 million m3 capacity
remains below the 1,130 m crest.

From Year -1 to Year 14, while dumping of waste will be
in Houth Meadows, ash from the powerplant will be deposited at Upper
Medicine Creek (downstream of the water reservoir dam). Ash deposition
will progress downstream while dumping of waste will progress upstream.
At about Year 20 or Year 21, the two disposal systems will meet. At
this time, waste material will be dumped at a slope of 2.5 horizontal to
1l vertical at the interface between the waste and the ash. By doing so,
ash will overlay the waste as both are built up. TFigure 5~20 is a

detailed drawing of the Medicine Creek Dump.
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Following the geotechnical consultants' recommendations,
the retaining embankment is designed at 2.5 horizontal to 1 vertical at
the outside face and 1:1 in the inside face. The retained waste slopes
at a 5% grade from the crest of the embankment to the interface with the
ash, after which the latter slopes at 1% up to the water reservoir dam
(see section detail Figure 5-20). The Northern side of the waste dump
forms a V~cut with the hillside to permit access to the reservoir overflow
outlet conduit which carries any overflow from the reservoir down to the
Hat Creek Diversion Canal.

Canals around the perimeter of the dump will be installed
to collect surface runoff. Runoff from the dump surface will be diverted
to the settling ponds West of the embankment.

5.5.6 Conclusions and Recommendations Relating to Waste
Disposal Embankment Studies

The geotechnical consultants’' studies and the recommended
design basis for the waste disposal embankments were reviewed by the
B.C. Hydro Hydro-electric Generation Projects Division. They presented
the following conclusions and recommendations in their design memorandum:

5.5.6.1 Conclusions

It 1is concluded that the studies are complete and ade-
quate for the preliminary design stage. The design for the retained
waste material disposal and the stability of the retaining embankment
and its foundation have an acceptable factor of safety for static
conditions. The analysis for interaction with total resource pit slope

is reasonable.
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5.5.6.2 Recommendations

(1)

(2)

(3)

(4)

For final design studies it is recommended that:

An exploration program be carried out at the proposed Medicine
Creek retaining embankment to confirm either that siltstone and
claystone do not exist in the foundation, or that they do not
affect the stability of the retaining embankment;

The stabiliry of waste dump and pit slope of the Houth Meadows
Dump be studied further, if the total resource pit scheme is to
be adopted;

Tests be carried out to assess the proposed method for compaction
(i.e. by impact of gravels falling from conveyor belts) of the
embankment £ills;

The embankment and waste mass be analyzed for seismic stability

and that the sands in embankment foundation be evaluated for
liquefaction potential.
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FYPE
N

Lacustrine
Deposits

Glaclo-
Cluvial
Depotity

Colluvivm

$lide
Debris
{5table)

$lide
Gebris
{Active)

At Huviue

Surn Tone

DESCRIPTION

Glactal deposit composed
of cobbiles and yravels
with occasional boulders
up to 1 m dia, maximum
but generslly much less,
in s matrin of sand, si1t

DESCRIPTION OF SURFICIAL MATERIALS

RANGE OF HYDRAWLIC

LOCAY1 0K

West and southeast
stdes of_'ﬂley

and clay. Locslly vartable,

depending on matrix, Seen
in base of Clay-Cut.

Bedded $ilts, silty sand
with coarse %and and oc-
casional gravel may be
alse clayey, laminated
andfer highly disturbed.
Overconsolidated. Glactal
arigin.

Interbedded rounded-sub-
rounded sands and sandy
g;uqh with cobbles and

ulders up to 0.7 wm dia.
{appron.}. Much varia-
tion In grading. Some
interbedded tiYls,
Glacial meltwater de-
posit.

Coarse, anqular, roughly
bedded perhaps with vari-
able proportfon of fines
forwed on slopes by ero—
sTon. My comprise val-
canics, imeitone or
granodiorite.

Composed of variable as-
sortment of glacial and
glacio-flurial materials
Coldwater sediments and
granodloritic suteriad
often in 3 bentonite
natrin. Seen (n wpper
part of Trench A and
Clay-Cut. Mostly past
glactat.

As zhove, but some softer
zones. Currently wn-
itable.

Rounded sinds and gravels
probably with siit later-
beds ay seen in Trench B,
Most 1y reworked glacials.

Yaries from an trregular
wass of red-trown partly-
fused tlaystone and stit-
stone with some coal to
well bedded shightly baked
tn ity Coldwater mate-
rials.

Luall{ through-dut
glaclial deposits.
tiouth Meadows embank-
ment foundstions.

East side of valley,
locally on west alzo.

Widespresd at base of
steeper siopes.

Nest side of valley
especially M.

Active slide In MM
ad minor stides
elsewhere In M.

Predominantly in Wst
Creek ¥Yalley bottom,

Pry Lake sres, May
be obscured by glacla)
or s)1ide deposits i»
subcrop on W, side.

COMUCTIVITY

k3

10-10-10-8

1071y

10-7-10-%

10-7-10-4

not known

1o-5.10-4

Muyhly varlable

TABLE 5-}

GEQOTECHNICAL COMMENTS

Generally dense or compact, boulder

size may Tocally fnhibft Gfgglng #lthough
usually will be able to be dug by hydraulic
encavator, uhere gravelly, may make water.

Unuscally dense. Where laminated, wasy

to dig but uniform heavily overconsolidated
siits of Houth Meadows could give difficul-
tles. Surface materials in Dry Lake and Houth
Headows are toft,

Bense, possibly s1ightly cemented,

free dralning. WiV not generally present
dlﬁing probiems. Boulder size smalier than
till, Rounded miterials. Some ironpans
present.

Var{able depending on local rock type.
Angular, sbraslive, maxtonm rock slre large al-
though genersily gravel to cobble xfzes. Free
dralatng, Yocally umstsble durtng digging.

Variable. Generally moderateiy dense. Mendllng
characteristics similar ta Clay-Cut matertasl.

Broken Jocally softened and weak rock probably
sticky. Some seepaget, Contains some propor-
tion of gravel. Could give some handiing and
trafficking problems, Occastonal bolls.

Generally loose and free dralning.
Haximm size say 0.4 m, Gravel subsidlery te
tand,

Hard sbrasive generally tresking wp into
gravel sized fragments, easy to dig. OIfficuit
or impossible Lo dig shere complately fused
(8% In part of Trench A). Some blasting
Tocally necessary..

MOISTURE COMTENT

On DAY WEIGHT BASIS  MMIAXIAL STRENGTH  ATVERGERG LIM{TS

I5E . 50% 0 - 200 kPa Ww=086 #a =42
Average 26% {avg. from ¢ sml)
Mwber of tests)
18x - 1% 200 - 500 kPx i =48 =2
Average 258 {avg. from 4 smal}
rumber of tests)
Depends on non-cobesive Non-plastic
drainage
11 - 601 100 - 500 kfa, Varles over full
Highly o ,“" dep “ ! on Finge ﬁun of
on composition - tition < tlon vari-
average ¥3¥ o ability,
1132 -~ 602 100 - S0G gPa, VYartes over ful}
Highty dependent depending on range because of
on composition compasition, < stiion verl-
sverage 30X 1y,
111 - 603 100 - SO0 kPa, Yaries over full
Highly dependent depending on range because of
on composition compos it fon. composition vart-
average 3% iy,
Depends on Usually not Uswll} ron-plast e
dratnage cohesive but could 9o wp to

sbout LL = 40, PL =
15 {mo test results).

Imutficient data for characterization; propertles highly varfable.
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IYPE

Claystone/
Stitstone

S1itstones
Sandstone

Sandstone

Conglomerate

Coal

Coal

Interbeds

Yolcanics

Limestone

DESCRIPYION

Very weak to woderately weak
clayrich rocks in which bed-
ding often hard to discern.
Rock breaks along joints.
Where softengd or reworked,
malerial highly plastic and
tenachous. JTones of shear-
in? and brecchatlon, Passibly
tuffaceous nesr margins of
basin. Generslly dark grey or
dark trown colour. Distincl
tuff bands present.

Interbedded siitstone and
sandstone with subsidiary
conglomerate, claystone and
toals. Generally light groy
in colour, highly anisotropic
but heddln? planes often diF-
Ficult te find. Much faches
variation,

Yarfes from weak 31ity sand-
stone through to moderately
strong fine grained conglom-
erate. Matrix usually com-
posed of silt/clay and
granular material) way be
tuffaceous and weak. Locally
cemented espectally twme-
dlately below the coal.
Generally greenish.

Highly varlable in character
depending on relative propor-
tioas of graculer mterhr
and matrin. Coarse gravel
fragnents rounded to sub-
rounded bul also angular
where tuffaceous. Matrix
wmay be beatonitic. Often
clacite cemented. Kot yet
sten o outcrop or encava-
tion. Contains interbeds of
siltstone and sandstone.

Thinly bedded moderately
strong but highly frattured.
Interbedded with stitstone
partings and beds, often
highly sheared, Some
cleating. Much variation
from clean to dirty coal
eacepl in D-Yone. Some
zones of complete frag-
mentation,

Generally thinly bedded clay-
stone/siltstone of moderate
plasticity. Some bentonitic
material §n A-Zone and near
margins of hasin, May be
highly sheared or brecclated.

Includes an assortment of
basalts, dacites, rhyolites,
agglomersles, brecclss and
tuffs, Closely jointed.

Massive or brecolated Vime-
stone with phyllite inter-
beds.

RANGE OF HYDRAULIC

TABLE 5-2

DESCRIPTION OF ROCK MATERIALS

CoRDUCTEVITY
LOCATION nisec
Stratigraphically 10-12.10-10
sbove the cos)

{unit Teu), Sub-
crops in an arc

from KE to 5W in
final pit slopes.

W and WM pit slopes.
Stratigraphtcally

below the coab. Also
occurs as interbeds
in the conglomerate.

M oand MW Pit slopes.
Stratigraphically

below the coal. Forms

interbeds 1n Lower
siltstone/sandstone
{unit Y1) and 1n

conglomerate {Unit
Teoy ).

S abutment of Mouth
Meadows Embankment.
Forms ridqe between

Houth Meadgews and pit

{Unit Tcop). Also

oaccurs 3% interbeds in
tower siltitone/sand-

stone (Unit Tcl) and
at base of whole se-
quence (Unit Teoz),

Centre of pit oand
limited area in 54
wall,

Centre of pit and
1imited area in SH
wall.

£ and ¥ of pit,

Hnderlying Houth
Meadows,

1o-H.1o-10

10-10, 107

10-10

10-11.)0-6

10-12.10-10

-6

10-%.10-1

GEOTECHNICAL COMMENTS

Should be considersd as & hard

clay rather than a rock for excavstion
purposes. Eastly dug where jJoiats are
present, Yery uniform beds may be
Lroublesome to hydraulic excavator.
Handling and trafficking probiems will
occur in wet conditions due to presence
of montmorillipnite, Only slakes where
sheared or brecciated,

Should be constdered as & stiff

clay rather than s rock for excavation
purposes. Eastly dug where joints are
present. Handling and trafficability
problems wil) occur in wet condttions dua
to presence of montmorilionite. Bisper-
sive, highly erodible, will form guilies,
and sub-surface cavities. Slakes readily.

Generally wesk rock whose excava-

tion characteristics may differ 1ittle
from the sittstones. Sowe trafficking
problems a3 mater{al breaks down. Often
highly bentonitie. Charscterized by west

* face of Trench A,

Harder snd more sbrasive to diy,

Where weathered could be dissggregated
and behave as gravel. WH11 break down
with much rehandiing except where
cemented. Calcite cemented conglom-
erate could rot be dug without blasting.

Eastly dug due to multitude of

weak joints and partings. Bench fatlures
common especially where bedding unfavour-
bty orfented. Seepages from face,
generally no slzable water inflows,

E2sily dug and similar to coal In

some respect slthough wil) pot bresk up
45 much, Impermeable locally softened.
Thinner beds may be difficuit to saparste
from coal, -

May require blasting or ripping.
Generslty hard and sbrasive. Permeable.
Generally dratned. .

Wil require blasting, Generally
strong phyV1ite bands weaker. .Dry,

MOLSTURE CONTENT

ON DRY WE1GHT BASLS

133 - 328
Average 24X

May tend to decrease with
depth from 291 at subcrop
to 181, 150 m deeper,

23 - 03
Average 115

191 - 32%
Average 251

Average 15X, based on few
test results. Note that

interbeds will ralse
overall average.

See DCA report

128 - %

Average 233

No data

Mo data

UNIAKTAL STREMGTH

400 - 12,000 kPa
Average 3,700 kPa
Hay tend to tncrease from
1,000 kPs to 8,000 kPa
after 150 m.

600 - 3,500 kPa
As interbeds in conglomerate,
3,500 - 7,000 kPa

Some tendancy to increase
from 1,000 kPa at surface

to !0,6(!.1 kPa at 300 m depth,
Interbeds in conglomerate
range from 3,500 kPa to 10,000
kfa and vary similarly with
depth,

Depends on cementationg up to
43,600 kPs has been medsured
locally. Some zones almost
uncemented,

1,000 - 17,000 kPa

No data

Up to 23,000 kPa has been
measured.  Stremgth may
often be much greater.

No data

ATTERBERG LIMITS

tIL=95 PL=DS
{average)

IL=143 M~ M
{average)

iL-8 PL=X
{based on only &
few results})

LL=60 =27
{based on very few
results)

See DLA report

=5 Mm=M4
[average)

N/R

LT
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- TABLE 5-3 ’
[ |
_ HYDRAULIC CONDUCTIVITY RESULTS
E
. HYDRAULIC CONDUCTIVITY RESULTS FROM
FALLING HEAD TESTS (m/s) PUMPING TEST RESULTS
- NUMBER RANGE | HYDRAULIC COEFFICIENT OF
OF FROM ¥ MEDIUM CONDUCTIVITY  CONSOLIDATION (c,)
LITHOLOGIC UNIT TESTS VALUE (m/s) {m&/yr)
-l
N Upper Siltstone- {Tew) 13 1x10-12  3x108  1x10-10 1x10-10 (W76-1) ¢ 10 (W77-4)
Claystone _ 4x10-11 (774}  400* (W77-3)
E
A zone siitstone {Tee) 6 1x10-11  3x10-10  4x10-11 9x10-9 (wrs-2) -
and coal
- . .
8 zone coal {Tee) 3 2x10~7 5x107  4x10-7 - -
- C zone stltstone {Tee) 13 ax1o-11 3x10-8  1.4x10-10 - -
-~ and coal
D zone coal {Tce) 12 6x10"9 1x10-6  5x10-7  Bx10-1l (W77-1) < 45 (W77-1)
-
Lower Siltstone- (Tel) 15 2x10-11  5x10°%  sx10-11 5x10-12 (w77-2) S00* (Wr7-2)
Sandstone=Conglomerate
. -
Conglomerate {Teoy) 4 9,5x10-11 2,9x10-9 1,3x10-10 - -
- L imestone : 7 Laxtoe-?®  1x10-% 3x10-8 . -
Basalt 5  2.3x10-11 1.8x10-4  7x10-9 - -
-
Greenstlone 5 4x30-10 5x10-7  1.8x10-7 - -
® These values were caiculated using some assumptions and may be rather high.
|
-
. 5 - 50
-



TABLE 5-4

INCREMENTAL DESIGN PIT QUANTITIES

#% 2M SELECTIVITY == PIT XZP/LAM *%
SUMMARY OF MINING INCREMENTS

=P | T-NAME-w=-= CUMULATIVE INCREMENT
“oRE TONS HHY S.R. ORE TONS HHY  S.R. CUTOFF
R2PL1.DAT 1537, 18.45 2.16 1537, 18.45 2.16 §.30
R2PAZ.DAT 4672, 18.99 1.43 3135. 19.25 1.07 9.30
R2PA3.DAT 9990. 18.79 1.27 5318, 18.62 112 9.30
R2PA4, DAT 18210. 18.63 1.29 8220. 18.44 1.32 9.30
R2PAS.DAT 29772, 18.62 133 11562, 18.60 1.40 9.30
R2PL6.DAT 43545. 18.53 1.30 13773, 18.35 1.22 9.3Q
R2PL7.DAT 58467. 18.46 1.27 14862, 18.24 117 9.30
R2ZPL8.DAT 73116, 18430 1.28 14709, 17.67 T.32 9.30
R2PLS.DAT B4175. 18.23 1.30 11059, 17.74 1.42 9.30
R2PLO.DAT 95624, 18.15 1.23 11449, 17.59 0.75 9.30
R2PM T, DAT 109441, 18,13 oo la19 13817. 17.98 0.93 9.30
R2PM2,DAT 163209. 1791 1.23 55768. 17.45 1.29 9.30
R2PM3.DAT 213231, 17.99 1.12 50022. 18.26 0.78 9.30
RZPMA.DAT 254804, 18.01 1.14 415735, 18.12 1.21 9.30
RZPM5.DAT 307069, 17.97 1.18 52265. 17.78 j.38 9.30
RZPM6.DAT 335646. 18.09 1.25 28577. 19,30 1.99 9.30

5-131



] ®% 2M SELECTIVITY =--

TABLE 5-5

ADJUSTED PRODUCTION SCHEDULE

PIT XZPL/M *#*

YEAR YEARLY SCHEDULE
MILL FEED GRADE WASTE  S.R.
1 0. 0.000 0. 0.000
2 1139, 17.597 3697. 3.246
3 2950, 19.292 4375. 1.483
4 4759, 18,155 7474, 1.570
5 7371, 17.994 10720. 1.454
6 9249, 18,455 13678, 1,479
7 10684, 17.914 16082. 1.505
8 10452, 18.762 14973, 1.433
9 10458, 18.750 15301, 1.463
10 11555, 16,970 16827, 1,456
11 10842. 18.087 18016, 1.662
2 11172, 17,553 14752, 1.320
13 11535, 17.000 20503. 1.777
14 10602, 18.496 17171, 1.620
15 11517, 17.026 18848, 1.637
16 11387, 17,221 6312, 0,554
17 11081. 17.696 15212, 1.373
18 10047, 18.126 10371.  1.032
19 10215, 17,827 14222, 1,392
20 10557, 17.250 14166, 1,342
21 10212, 17.833 9839. 0.964
22 9961, 18,283 10559, 1,060
23 9813, 18,557 12892, 1.314
24 9841. 18,506 16344, 1,661
25 9914. 18,368 12140, 1,224
26 10184, 17,883 9859, 0.968
27 10068, 18.089 9240. 0.918
28 8284, 18,591 7335, 0.886
29 8478. 18.164 14509, 1,711
30 8395, 18,345 8059, 0.960
31 8561. 17.988 11103.  1.297
32 8584, 17.941 12145, 14415
33 8653, 17,797 6972. 0.806
32 8508, 18,101 10222. 1.201
35 8247, 18.675 9846. 1.194
36 8053. 19.123 1871 04232
37 7622, 20.205 1960, 0,257
YEAR 1| IS PREPRODUCTION AND IS NOT INC,

5 -_52

PRODﬁCTION BASED ON TONS @ HHV #*#

LI B BN BN B B BN BN BN BN BN BN Y BN BN BN BN BE BN BN BN BN BN BN B BN BN BN B BN BN BN BN BN BN BN J

IN

CUMULATIVE SCHEDULE
MiLL FEED GRADE

0. 0.000
1139., 17.597
4089, 18.820
BB4g. 18.462

16220. 18,249
25469, 18,324
36153. 18.203
46605. 18,328
57065, 1B8.406
68618, 18.164
79460, 18.153
90631. 18,079
102166. 17.957
112768. 18.008
124286. 17.917
135673. 17.859
146753, 17.846
156800, 17.864
167015, 17.862
177572, 17.826
187784, 17.826
197745, 17.849
207558, 17.883
217399, 17.911
227313, 17,931
237496, 17.929
247564, 17.935
255848. 17.956
264326, 17.963
272721, 17.975
281283, 17.975
2859867. 17.974
298520. 17.969
307028, 17.973
315275. 17.9%1
323528. 18.019
330950, 18.070
CUMULAT IVE

WASTE

0.
3697.
8073.

15546.

26266,

39944,

56026.

70999,

86300.
103127,
121142,
135894.
156397,
173568,
192416,
198728,
213940,
224311,
238532,
252699,
262538,
273097,
285988.
302332,
314472,
324331,
333571,
340907.
355416,
363475.
374577,
386722,
393694,
403915.
413761,
415632,
417592,

S«R.

0.000
3.246
1.974
1.757
1.61%
1.568
1.550
1-523
1.512
1.503
1.525
1,499
1.531

1.539
1.548
1,465
1.458
1,431

1.428
1423
1.398
1381

1378
1.391

1.383
1366
14347
1332
1345
1e333
14332
1.354
1319

-k ok —a
LSRRV
ROy

1
1
8
6
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TABLE 5-7

HOUTH MEADOWS WASTE DUMP

(Capacity by Lift - million bank m?)

Embankment Crest at 1,003 m Elevation

Retained Waste  Embankment Total Year
35-m 35-m 35~m
Elevation Lift Cum. Lift  Cum. Lift. Cum. Start Complete
floor- 880 0.63 | 0.63 4.97 4.97 5.60 5.60 -2 2
880- 915 14.95 15.58 17.52 22.49 32.47  38.07 1 6
915- 950 35.67 51.25 14.20 36.69 49.87 87.94 2 9
950- 985 58.86 110.11 9.15 45.84 68.0L 155.95 6 14
985-1,020 83.15 193.26 5.29 51.13 88.44 244.39 9 22
1,020-1,055 82.19 275.45 4.77 55.90 86.96 331.35 23 (35)
1,055~1,090 62.35 337.80 4.346 60.24 66.69 398.04 - |
1,090-1,125 30.90 368.70 2.72 62.96 33.62 431.66 -
1,125-1,160 7.70 375.40 0.67 63.63 7.37 439.03 -

Note: Embankment quantities also include material for the three
secondary embankments North of Houth Meadows.

Avallable capacity after Year 35 = 134.03 million bank m3

5 - 54



TABLE 5-8

MEDICINE CREEK WASTE DUMP
(Capacity by Lift - million bank m3)

Embankment Crest at 1,130 m Elevation

Retained Waste Embankment Total Year
35-m 35-m 35-m
Elevarion Lift Cum, Lift  Cum. Lift Cum, Start Complete
floor-1,040 2.11 2.11 7.26 7.286 9.37 9.37 12 14
1,040-1,075 11.46 13.57 10.16 17.42 21.62 72.74 15 18
1,075-1,110 29.75 43,32 15.04 32.46 44,79 117.53 18 26
1,110-1,145 40.85 84.17 9.29 41.75 50.14 167.67 26 {35)
l 1,145-1,170 16.16 100.33 - '~ 4.75 16.16 183.83 - -

Available capacity for mine waste after 35 years = 29 million bank m3

Potential capacity by raisging embankment crest from 1,130 m to 1,200 m
elevation = 310 million loose m3 for mine waste and ash.

5 - 55
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UNIAXIAL COMPRESSIVE STRENGTH = Ib./sq.in,
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LEGEND

Flezometric contours, 20 meira infervals
elevations in metres

inferred piszometric contours

o #Y  fatq point, upper {black) number = hole number
lower {blue) number = piezometric

slevation in metres

Bedrock groundwater dischorge oreqs, other than
those along Haot Creek

NOTES

I.Due to the variation of piezometric elevatiors both
with depth and time, the contoured piezometnic surface
iltustrated in this drawing must be viewed Q5 a generg-
lized representation only

2. Piezomelric eievations are for Oclober 1978.

3.Data paints in brackets require the following explano-
fory notes:

- Artesian pressures exist in dnl! holes DOH-77-848,
DOH -77- 246 ond DDH-78 - 859. Although the piezo-
metric elevations at these locotions are not known at
present, the artesian pressures have influenced the
configuration of the piezomeltric cortours.

= The piezometer n dnll hole DOH - 76-812 has recently
tecome inoperative The represented piezomé!ric ete-
vation at this location has been estimated frcm the
extrapolated piezometer hydrogreph

- The piezometric elevation al dnli hole DOH-76-150
is anomalously low and not fuily Confoured ol present.
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FIGURE 5-11
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FIGURE 5-13
Pit Development Year 5
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SECTICN 6

THE MINE DRAINAGE PLAN
———— ——

6.1 INTRODUCTION

Without effective mine drainage, no open-pit mining
operation on the scale of Hat Creek could hope to succeed; nor could it
satisfy today's stringent envirommental requirements. The Mine Drainage
Plan devised as a result of painstaking studies by our consultants,
Cominco-Monenco Joint Venture, does both (CMIV 1979). 1t is believed to -
be a comprehensive mine drainage plan which provides for environmental
protection in initial mine planning. 1Its objectives are:

1. to keep the mine dry encugh to ensure continuous operatiom;

2. to prevent flood damage to both excavations and equipment;
3. to ensure the stability of slopes and embankments;
4. to protect the enviromnment by providing for the continuity of

existing streams, preventing the discharge of harmful water-borne
contaminants, and ensuring that all applicable regulations are
observed.

This report covers in detail all elements of the Hat
Creek Mine Drainage Plan during the first 35 years' mining of the No. 1
Deposit, and the continuing measures after the mine has closed to ensure
that the environment is restored as nearly as possible to its former
condicion.



6.2 MINE WATER: SOURCE AND QUANTITY

The principal sources of drainage flow within the mining
area are:

1 Direct precipitation and runoff;

2. Creeks entering the mine site;

3. Standing surface water in lakes and ponds;
4 Groundwater flow;

5. Wastewater from mine operatioms.

6.2.1 Direct Precipitation and Runoff:

Annual precipitation at the mine site is low, averaging
317 mm/a, of which 55% is received as rain and the balance as snow.
Summer and Winter are the wettest seasons, with Spring and Fall being
somewhat drier. Figure 6-1 shows the seasonal variation of precipitation
and the frequency of annual and 24-hour precipitation. Roughly 16% of
the annual precipitation which falls in the valley appears as stream—
flow, which indicates a high loss of moisture to infiltration and
evapotranspiration. Most runoff occurs in Spring and early Summer, the
most intense rainstorms in mid-Summer. Flood hydrographs show that only
24% of the precipitation appears as direct runoff due to the high
storage potential of the surface cover and high lesses to evapotrans-
piration (Beak 1978). Mining activities are expected to reduce this
surface storage capability and increase the runoff, resulting in in~
creased peak flow rates from the watersheds. Maximum flow rates are
expected during high intensity rainfall in Summer, calculated by the
method used by the USDA Soil Conservation Service (1964). This volume
of runoff is correlated to peak flow rates which have been assembled
from field data for small agricultural watersheds (USDA SCS 1975).

Surface runoff at the top of the active waste dumps is
expected to be negligible. Leachate from waste dumps, which is expected
to be low due to the low hydraulic conductivity of dumped waste, will be
collected at the toe of the downstream waste embankments. Seepage and
runoff from the coal and waste rock strata within the pit will be of
similar quality to the stockpile and waste dump effluents. An average
water yield of 80 mm has been assumed for these areas, giving mean
annual flows of 0.003 m3/s - 0.01 m3/s during the lifetime of the mine.
Flow rates for waste dump leachate and pit seepage as estimated by
Golder in 1979 are presented in Table 6~1.



6.2.2 Creeks, Lakes and Pondé:

6.2.2.1 Creeks:

-~

The principal creeks flowing through the proposed mine
area are Hat Creek, Medicine Creek, Houth Creek, and Finney Creek, O0f
these, Hat Creek is the largest, and flows have been continuously
recorded since 1960. Figure 6~2 shows the range of monthly variation of
Hat Creek. Flow guages established in four other creeks in 1977 have as
yet produced insufficient data to provide statistical analysis of flows,
but such data as do exist indicate that the flow regimes are similar to
that of Hat Creek. Flood frequency curves derived from regional stream-
flow data are shown on Figure 6-2.

The proposed development of the open pit will require
diversion of flows from various small watersheds and tributary creeks.
Regional streamflow data shown as a flood nomograph gives estimates of
flood flows for watersheds greater than 10 km? in area.

6.2.2.2 Lakes and Ponds:

Most lakes and ponds in the project area occur on the
West side of Hat (Creek Valley. There are approximately 80 small lakes
and ponds to the West of the proposed pit perimeter.

Geotechnical studies of this area have identified both
active and inactive slide masses in the overburden which may cause
instability of the West pit slope during mining (Golder 1977, 78/79).
Stabilization measures require that Aleece Lake and 61 other lakes and
ponds be drained. Finney Lake and 15 other small ponds lie in a more
stable and remote area, and therefore drainage is not considered essential
at the outset of the project. Monitoring of the slide during mining
should give an advance indication of any need to drain Finney Lake and
these other ponds., Fifteen to 20 small lakes and ponds in the Houth
Meadows Waste Dump Area should be drained prior to being covered with
waste.



6.2.3 Groundwater:

Studies to date have identified three major geohydrologic
units within the general mine area (Golder, 1978) which comprise:

(1) the surficial deposits, which vary from slide debris and till in
the West to gravels in the East. This- is the major waterbearing
unit of highest average conductivity 10 6 m/s;

(2) the coal, whlch exhibits highly variable conductivity, estimated to
average 5 x 10 2 m/s;

(3) the upper and lower Coldwater sediments which are essentially
impermeable w1th an average conductivity of 53 x 10 Tl /s,

General groundwater f£low within the Upper Hat Creek Valley
recharges in upland areas and discharges in the valley bottom. Most of
the groundwater flows through surficial deposits. Less than 2% is estimated
to move through clastic sediments in the valley bottom.

The Eastern areas are reasonably well drained due to the
greater depths of surficial deposits, whereas they are thinner in Western
areas in addition to being of lower permeability. '

The two main aquifers in the pit area are a small alluvial
aquifer along the central valley and a buried bedrock channel on the East
side of the valley, flow of which is estimated to be in the area of
3 x 10 2m¥/s.

Due to the low permeability of the coal and bedrock units,
water yield from seepage and draining operations during mining is predicted
to be minimal (Golder, 1978). Extensive depressurization of pit slopes is
not likely, and dewatering wells will therefore be selectively located in
pervious zones, where higher benefits can be realized.

Flow from peripheral dewatering wells is estimated to be
0.02 m3/s one year prior to commencement of mining, decreasing to a steady
rate of 0.017 m3/s throughout the remainder of the project. Groundwater
which by-passes this system and appears as seepage in the pit 1is expected
to average 0.0047 m /s, of which 0.0037 m3/s would seep from the surficial
deposits and 0.001 m /s from the bedrock zone at the base of the pit
(Golder, 1979, Appendix 2).



6.2.4 Mine Wastewater:

Three main sources of wastewater produced by the mining
operations have been identified:

1. effluent from the Mine Services Area;

2. runoff and leachate from coal-handling areas, waste dumps, and low-
grade stockpiles;

3. runoff and seepage from coal and bedrock strata in the open pit.

The major source of waste from the Mine Services Area
will be sanitary effluent from the dally work force peaking at about 700
persons. The mean daily flow is estimated at 140 w3/d, plus an allowance .
of 90 m3/d for vehicle washdown and general use.

Runoff and leachate from coal and low-grade stockpiles
will require special drainage and disposal systems due to the predicted
high levels of dissolved salts. (B.C. Hydro Thermal Division 1979 -
1978 Environmental Field Program.) Water yield from the 33 ha Low-grade
Coal Stockpile is expected to average 50 mm/a, with the 22 ha Coal
Blending Area yielding an estimated 80 mm/a. These yields correspond to
annual volumes of 16,500 m3 and 17,600 m3 respectively.

The overburden and waste rock material from the open pit
will be retained in valley-fill type dumps in Houth Meadows and Medicine
Creek Valley. Any runoff and leachate from mine waste disposal areas
will require a special drainage system because of the predicted level of
dissolved solids and trace elements in excess of regulatory guidelines
for discharge to streams (Beak, 1978/79).



6.3 MINE DRAINAGE SYSTEM:

The pfoposed mine drainage system will consist of:
1. Diversion canals to divert creeks which flow through the mine site;
2. Perimeter drains around the open pit, slide area, and waste dumps;

3. Dewatering wells around the pit perimeter and the unstable slide
area;

4, Surface water drains to collect stormwater in the pit and mine
service areas;

5. Field drains to collect leachate from waste dump and stockpiles;
6. Sanitary sewers to collect sewage from the Mine Services Areas.

A schematic of the system is shown on Figure 6-3 and a
geographic layout plan on Figure 6-4.

6.3.1 Design Criteria and Selection of System Capacitvy:

The calculation of system capacity has taken into account
the risk of flood damage, should the system fail. Design criteria are
shown on Table 6-2 and design flows for the system on Table 6-3. The
larger drains or canals have been designed on the basis of the 1,000-
year average return period flood, which has a 3% chance of being exceeded
during the 35-year mining period. Smaller components are designed to
withstand lesser flood risk. !



6.3.2 Drainage of the Mine Development:

6.3.2.1 The Qpen Pit:

1. Diversion of Hat Creek and Finney Creek:

. To prevent flooding the excavation, Hat Creek and Finney
Creek must be diverted.

The Hat Creek Diversion will consist of a headworks dam
with a canal intake and an emergency spillway located dowmstream of
Anderson Creek; approximately 6.4 km of diversion canal on the East side
of Hat Creek Valley; and 1.9 km of buried conduit with intake and outlet
works to convey the flow back to Hat Creek. A pit rim dam, spillway,
pumphouse, and pipeline between the headworks dam and the minepit will
intercept seepage and local inflow immediately upstream of the pit. The
diversion works have been designed to accommodate a flow of 18 m¥/s
(100-year recurrence interval flood), and, as an emergency condition, a
flow of 27 m3/s (100-year recurrence interval flood). The proposed
Finney Creek Diversion Canal is 2.75 km long and will divert Finney
Creek flows South, along the West side of Hat Creek, with discharge to
the Hat Creek Diversion Headworks Pond. The design capacity of the
canal is 5.5 m3/s, which is also based on the estimated 1,000-year
recurrence interval flood.

2. Perimeter Drainage:

The open pit will be surrounded by approximately 6 km of
open perimeter drainage ditches, some of which are illustrated in Figure
6-4. The drain to the North-East will collect runoff from areas of
heavy traffic for discharge to sedimentation lagoons North of the mine.
North-West of the open pit, an open drain will discharge to the buried
drainage pipe located in the conveyor causeway. To the South of the
mine there will be three similar drains: the upper South-West perimeter
drain, which discharges to the Finney Creek Canal; and the lower South-
West and South-East perimeter drains, which discharge to the pit rim
reservoir.



3. In~Pit Surface Water Drainage:

Surface water and seepage will be collected in open bench
drains alongside bench haul roads. Runoff and seepage from surficial
material above the mouth of the mine will flow by gravity to the North
end of the pit, where it will be collected and discharged to sedimentation
lagoons. Runoff from surficials below the mouth of the mine will be
collected by bench drains, discharged to small pump sumps and raised to
upper gravity bench drains by portable pumps. The lining of major bench
drains will probably be required. Runoff and seepage from coal and
bedrock strata in the base of the pit will drain wvia bench drains to
sumps located near the main pit access. Temporary sumps and pumps will
be placed in low areas on the floor of the pit to collect and remove
accumulations of water. A major system of pumps will be installed on
the pit incline. This system will discharge to a leachate storage
lagoon to the North of the pit. During Summer, water tankers used for
dust suppression on bench and haul roads will be filled directly from
sumps within the pit.

4., Dewatering Wells:

A staged program of groundwater withdrawal is planned:

Starting in Year 5: Two systems of wells will be drilled, 25 inside
the perimeter, and 10 to 15 outside;

Year 10 to Year 15: A final set of wells will be established beyond
the perimeter of the 35-year pit. By Year 15,
75 pairs of wells should have been drilled and
be operating, one deep and one shallow in each
pair.

Total water yield is expected to be low - an average of 0.017 nd/s or
1,470 m3/d (Golder, 1979), and while surface water may be discharged to
Hat Creek via sedimentation lagoons, water from wells in coal eor clastic
sedimentary rock will have to be collected in drainage sumps along with
surface runoff and pumped to leachate storage lagoons.

6.3.2.2 South-West Slide Area:

Geotechnical studies have determined that stabilization
of the slide areas to the South and South-West will depend primarily on



=i

drainage (Golder, 1979). Surface water drainage will be required to
prevent the groundwater system re-charging, and sub-surface drainage to
drain or de-pressurize the groundwater.

l. Perimeter Drainage:

Two diversion drains will mipimize surface runoff from
small creeks and watersheds at the back of the slide. The North Slide
Diversion will be a 1.5 m3/s capacity open drain 1.7 km long, discharging
to the West perimeter drain near the South-West cornmer of the Houth
Meadows Waste Dump. The South Slide Diversion will be an 0.75 m/s
capacity open drain 1.2 km long, discharging to the North end of Finney
Lake.

Diversion drains will either be fully lined or lined on
the downstream side with a layer of impermeable soil to minimize seepage.

2. Surface Drainage Within The Slide Area:

The system will drain approximately 62 small lakes and
ponds by improving natural drainage channels and deepening ocutlets.
Drainage will be carried out prior to coal production.

The slide area uphill and to the West will be drained to
the West Perimeter Drain wvia two secondary drains -~ one draining the
existing lake chain, the other draining the series of hollows above the
active slide area.

Draining the active slide area will require deepening and
improving existing channels down the slide, which will drain to the
surface water collection system at the North end of the upper pit benches
and ultimately discharge to the North valley sedimentation lagoons. The
area to the South and South-West contains a system of lakes and hollows,
the existing channels of which will require deepening and improving.

The area downhill of the South-West Perimeter Drain will be drained by a
secondary drain system joining Finmey Creek at its diversion point.

3. Well System:

Provision has been made, for a 20-well system and three km
of collector piping, which would be buried to allow for a year-round use
{(Golder, 1979).



6.3.2.3 Houth Meadows Waste Dump:

l. Perimeter Drainage:

During construction, surface water from the Upper Houth
Meadows Watershed will be diverted around the dump via the West Perimeter
Diversion. This diversion consists of 2 5 km x 8 m wide open drain,
with discharge to a buried pipe 2.2 km in length in the conveyor causeway.
This pipe will drain into Hat Creek, North of the mine.

The diversion 1is designed to carry the 1,000-year flood,
and a typical cross-section is shown in Figure 6~4. The channel will be
unlined on minor gradients. On steeper gradients, a riprap lining will
be laid to prevent scour. Though icing may occur, no special design
configurations are deemed warranted.

Two further small perimeter drains will be comstructed on

the North slopes of Houth Meadows, which will discharge to the Marble
Canyon Watershed.

2; Drainage of Lakes:

Approximately 20 small lakes and ponds within Houth
Meadows will be drained before dump construction. Since these lakes are
expected to be high in nutrients, their draining would be carried out
during freshet, in order to prevent enrichment of creeks.

3. Surface Water Collection:

During construction of the dump, it is expected that the
surface of the waste will be undrainable and that the precipitation will
be trapped and lost primarily to evaporation. Minor drainage below the
perimeter drains will be collected by an open drain and discharged to
the North valley sedimentation lagoons by a buried pipe in the conveyor
causeway. During operation of the waste dump, this drain will dispose
of surface water from the conveyorway and service reoads. Drainage from
the re-claimed dump surface will be channelled to this drain by small
diversion dykes or swales.
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4, Leachate Collection:

Leachate from the main waste embankment will be collected
by a line of perforated subsoil drains and discharged to the leachate
storage lagoon in the North valley. Monitoring of water quality downstream
may be advisable to determine whether de-watering wells should be installed
to return leachate to the dump surface for disposal by evaporationm.

6.3.2.4 Medicine Creek Waste Dump:

1, Perimeter Drainage:

The Medicine Creek Valley would be extensively used by
this project. The powerplant reservoir would be constructed in the
Eastern portion cof the upper valley. Canals would be comstructed to
collect Tunoff from the downstream area, directing it to the reservoir
starting in Year 1. Powerplant ash would be dumped in the valley immediately
adjacent to the reservoir., In Year 16, mine waste would be dumped in
the valley, but starting from the Western end. '

During the first 15 years, runoff and seepage from the
ash disposal area would be collected in the valley bottom and pumped to
a powerplant holding pond for use in dust control. Normal runoff in the
lower valley would enter the Hat Creek diversion directly. Once mine
waste disposal commences, two minor sidehill drains will be constructed
to direct small amounts of runoff occurring below the major collection
canals.

2. Surface Water Drainage:

A special collection system will be constructed to collect
runoff and treat it for sediment control before discharge.

3. Leachate Ccllection:

Leachate will be collected by a perforated subsoil drain
and discharged to a leachate storage lagoon for Summer disposal by spray
irrigation on the active dump surface.
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6.3.2.5 Coal Blending Area:

This covers an area of 22 ha and consists of four stock-
piles totalling 15 ha. A compacted till blanket overlain by a pervious
sand and gravel drainage layer will form the foundation of the stockpiles.
Surface water and leachate will be drained to the Nerth-West perimeter,
from where it will be collected and piped to a leachate holding pond for
temporary storage before final disposal by re-cycling for dust control
within the mine.

6.3.2.6 Low-Grade Coal Stockpile:

_ This should consist primarily of claystone material with
a varying percentage of coal, which will be compacted as it is placed.
The permeability will, therefore, be low. Non-active stockpile surfaces
will be covered by a non-sodic buffer material and suitable surface soil
for re-planting. Runoff and leachate will be collected in a sump and
discharged to a leachate lagoon.

6.3.2.7 Topscil Storage Areas:

Surface water will be diverted from the upper perimeters
by small ditches to minimize erosiomn. The stockpile surface will be
progressively re-planted, which will both minimize erosion and avoid
contamination of downstream surface water.

6.3.2.8 Mine Services Area:

To collect surface runoff from the Mine Services Area,
yards will be sloped to open drains at the perimeter, and drainage
around buildings will be handled in buried stormwater drains. Drainage
will be channelled West to the main sedimentation lagoons via primary
treatment to remove sediment and oil.
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6.3.2.9 Mine Roads:

Major roads in the North-West and North-East quadrants of
the mine area and within the pit will drain to sedimentation lagoons for
primary treatment. Roads to the South will drain to a temporary sedimen-
tation lagoon. Temporary construction and haulage rcads will drain to
the Medicine Creek Sedimentation Lagoon via a buried conduit beneath the
Hat Creek Diversion Canal.

Small service and access roads will drain to local water-
courses by sidehill drains. Particular care will be taken to limit
erosion and scour by the use of stable drains and by early re-planting
of disturbed areas.

6.3.2.10 Sewage:

Sanitary effluent from the Mine Services Area will be
biclogically treated and directed to the Zero Discharge System where it
will be re-cycled to dust-control use in the mine. Provision has been
made for treating up to 140 m3/d.
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6.4 WASTEWATER DISPOSAL

6.4,.1 Discharge Objective:

To protect the environment in compliance with applicable
government regulations, the quality of water discharged from the Hat
Creek Mine should be within the British Columbia Ministry of the Environment
Pollution Control Board's 'Level "A" Effluent Discharge Guidelines for
the Mining Industry’'.

6.4.2 Projected Quality of Mine Drainage:

Chemical analyses of groundwater from surfiecial materials
would seem to indicate that it is of very similar quality to that of Hat
Creek during low flow perjods. Hence drainage and seepage from surficials
is considered suitable for direct discharge except for sediment control.

Based on present data, seepage and well-drainage from

bedrock is expected to be unsuitable for direct discharge. Projections
of water quality from various sources are given in Table 6-4.

l. Slide Area:

Drainage from the wells will have high suspended solids
concentrations, As a consequence, surface water and drainage from the
wells will require sedimentation if the bentonitic slide debris is
disturbed.

2. Waste Dumps:

Runoff from waste is not expected due to the hummocky
nature of the dumped waste surface. During the reclamation of waste
dumps, non-sodic materials would be added to the -dump surface; runoff
from these areas would need to be treated for sediment prior to discharge.
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Tests of leachate from waste materials has shown it to be
of a quality unsuitable for discharge to surface waters.

3. Coal-Blending Stockpiles:

Leachate will be unsuitable for discharge due not only to
high concentrations of chemical contaminants, but also to low pH.
Runoff and leachate will be virtually inseparable due to the semi-
pervious nature of the stockpiles.

4, Low=-Grade Stockpiles:

Leachate will contain roughly the same level of con-
taminants as in the coal-blending stockpiles. Runoff will probably be
unsuitable for direct discharge.

5. Disturbed Land:

Projections have been made on the basis of previous
mining experience. Runcff from stripped or disturbed land will contain
high concentrations of suspended sediment. Average sediment yield may
increase by a factor of three. Experience in North Dakota has shown
that, even after re-planting, erosion rates may remain high, Sedimentation
lagoons should therefore be kept in service until sediment has fallen to
acceptable concentrations.

6., Mine Services Area:

Washdown water may contain high concentrations of oil,
grease, coal fines, and suspended sediment.
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6.4.3 Proposed Treatment to Meet Discharge Objective:

6.4.3.1 Zer6 Diéchargg Svystem:
6.4.3.1.1 General:

Seepage and leachate flows of quality unsuitable for
discharge from, for example, the pit, waste dumps, coal stockpiles and
sewage treatment plant, will be stored in a "Zero Discharge" lagoon
system and evaporated in Summer-time by re-cycling the water for dust-
control operations on coal stockpiles and pit roads. The surplus will
be used for spray irrigation on the active surfaces of waste dumps. An
annual water deficit will occur at the mine site ranging from 170 mm to
350 mm, according to elevatjon. To take advantage of this evaporative
potential, storage is required to hold back winter leachate discharges.
To this end, & large lagoon will be constructed at the bottom of Hat
Creek Valley, which will store 997 of the annual leachate production. A
smaller secondary lagoon at Medicine Creek will store the other 17%.

6.4,3,1.2 ‘Inflow, Qutflow, and Lagoon Capacity:

The selection of the required capacity depends on three
factors: the acceptable risk of a leachate spill; the quantity and time
distribution of annual inflow; and the quantity and time distribution of
annual outflow, In this feasibility study, sufficient capacity has been
allowed to cope with the maximum projected groundwater flow plus twice
the projected mean inflow from surface runoff. In practical terms, the
worst flood envisaged has a 3% chance of exceeding lagoon capacity
during the lifetime of the mine. TFlows from smaller, disturbed water-
sheds will probably vary over a greater range, and an annual probability
factor of between one and two percent is likely to be representative of

the risk.

Three additional safety factors should be considered:

1. The bulk of inflow is pumped from the lower pit under the control
of operations staff. When excessive inflow is likely to oeccur, it
may be possible to store leachate im sumps in the bottom of the pit

until capacity is available in the lagoon;
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2. The increasing volume of inflow over the mining periocd requires a
system which grows. Provision can be made to bring forward planned
increments to lagoon capacity when called for, or deferred should
the reverse happen;

3. In the unlikely event of a spill, the flow would be discharged back
to the mine, as in (1) above.

Taking all factors into account, the chances of a spill
are almost negligible.

Hydrographs of projected inflows and outflows to and from
the zero discharge lagoons have been prepared for Years 5, 15 and 25.

The following conclusions have been drawn:

Year 5: A total lagoon capacity of 200,000 m3 is required. In
mean years, a water deficit for dust control of about
120,000 m® will exist, which will require make-up water
from sedimentation lagoons. In an extreme year, all
inflow could be consumed by dust-control operations in
one year;

Year 15: - A total lagoon capacity of 360,000 m® is required. In
a mean year, inflow will exceed dust-control outflow
requiring spray irrigation on a dump area of about 5-
10 ha. In an extreme year, approximately 100 ha of
spray irrigation would be required to empty the lagoon
before the next season;

Year 35: A total lagoon capacity of 560,000 m3 is required. In
a mean inflow year, 50-60 ha of spray irrigation will
be required, and in an extreme year 200-210 ha.

Based on these data, the proposed scheme at Hat Creek is both feasible
and manageable.

6.4.3.1.3 North Valley Lagoon

The North Valley Lagoon will cover an area of up to 9 ha
and be constructed in the bottom of Hat Creek Valley near the confluence
with Houth Creek. The proposed layout features .zoned earthfill dams at
each end of the lagoon which can be raised in three 5 m stages to
elevation 845 m. A further 5 m increase in dam height to 850 m has been

allowed for as an emergency measure.
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Material for dam construction will come from the pit
surficials and from the East and West sides of the valley. A buried-
membrane lining consisting of two metres of till overlying a 0.8 mm
thickness PVC sheet will be laid on the prepared pond bottom and a
lining of 0.8 mm PVC, one metre of till and one metre of sand and gravel
will be placed omn the pond sides.

The pond inlet and outlet will be at the South end of the
pond. The pond outlet will conmsist of a conérete tower which will house
leachate recycling pumps of total capacity 175 1l/s. The buried discharge
pipeline will supply pond effluent to:

- Sprinkle monitors at the coal-blending stockpiles;
- Water tanker filling points on the North pit incline;

- A discharge point at the top of the low-grade
stockpile; :

- A discharge point near the South abutment of the
Houth Meadows Waste Embankment to service the spray
irrigation system required in the latter part of
the project.

An emergency spiliway of capacity equal to the 1,000~year
return period flood will be located on the West abutment of the North
Dam; overflow would be directed to the open pit.

.6.&.3.1.4 . Medicine Creek Valley Lagoon:

The required leachate storage capacity is estimated at
12,000 m3, which will be created in a small pond of 0.7 ha. This pond
will be lined with one metre of till over a 0.8 mm PVC liner, and will
allow for expansion above projected storage requirements.

Inflow to the pond will be from field drains at the
embankment base, and outflow will be pumped away to be disposed of by
spray evaporation on the active dump surface.

An emergency spillway and runoff diversion drains will
also be provided.
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6.4.3.1.5 Operation:

The Zero Discharge System will require minimum maintenance.
Seasonal inspection of the pond lining should be done in late Autumn
when the pond level is at its lowest. The selection and maintenance of
pumps and piping systems requires care, due to the presence of sediment
and potentially aggressive water.

In relation to the pond volume of between 200,000 and
600,000 w3, the annual sediment build=up in the large lagoon of between
65 to 250 t/a will be insignificant, and the sediment will build up in
the pond for the life of the project.

Geotechnical studies have shown that even full saturation
of the waste dump surface would not affect the stability of the planned
5% slope, though Golder recommends that the materials near the transfer
conveyor should be kept dry in order to improve the stability of the
bench on which it operates. In relation to the large storage capacity
of the lagoon, spray irrigation at the low rate of 250 mm/a should
permit sufficient flexibility to allow satisfactory operation. Measures
will be taken to ensure that no conflict arises between spray irrigation
and the spreading of waste.

When the active life of the mine comes to an end, the
mean annual lagoon inflow will decrease from 470,000 m? to 25,000 m3.
'The Medicine Creek system will remain in operation until such time as
the seepage is considered fit for discharge. Sewage, after biological
treatment, will also be dealt with within the Zero Discharge System, and
ultimately used for dust control. In the North valley, natural evaporation
from the leachate pond will dispose of the residual leachate from the
Houth Meadows Dump and the low-grade coal storage area, A flow hydro-
graph for Year 35 for these systems is shown in Figure 6-5.

6.4.3.2 Sedimentation Lagoon System:

6.4.3.2.1 General:

This is required to reduce projected high sediment
concentrations in runoff otherwise fit for discharge. This runoff comes
from natural rangeland stripped of soil-cover during construction and
operation, pit surficials, permanent stormwater drainage, and re-graded

and reclaimed waste dumps.
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Two sets of lagoons are required, as shown in Figure 6-4.
The first will consist of three lagoons constructed before mining begins
to the North of the pit; the second two-lagoon system will be constructed
in Year 16 downstream of the Medicine Creek Waste Dump.

6.46.3.2.2 Design Criteria:

-}

The sediment removal efficiency of the lagoon system
takes into account the Level "A" discharge objectives of the Pollutiom
Control Board.

During Jarger flood flows, the efficiency of sediment
removal will decrease, but as the natural suspended sediment concen-
tration in Hat Creek-itself will rise (specially during freshet), the
net effect on receiving water quality should be low.

6.4.3.2.3 Inflow:

An analysis of land use in relation to the size of water-
sheds has produced the following l0-year 24-hour volumes of runoff:

Year S and 15: 78,000 m®
Year 35 : 91,000 m3
Annual mean discharges for the lagoons are estimated to

total 1,050,000 m® in Year 5; 1;093,000 m® in Year 15; and 1,181,000 m?
in Year 35. A breakdown of lagoon inflows for Year 35 1s shown on Table

6-5-_

6.4.3.2.4 Sediment Tests:

These were carried out by B.C. Research in 1978 and show
that only runoff from glacial-fluvial sand and gravel may be expected to
satisfy the guidelines without chemical treatment. Alum has been found
to be effective as a coagulant where concentration of sediment exceeds
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the guidelines. It should be noted that only sediment with a sub-
stantially higher settling velocity than the design value will be
admitted to the lagoons, a measure arising ocut of the recognition
that the use of chemical coagulants should be minimized in order to
avoild observed increases in sulphate concentrations.

6.4,3.2.5 North Vallev Sedimentation Lagoons:

The three-lagoon system to be constructed North of the
pit will consist of a primary sedimentation and flow balancing lagoon
of 1.5 ha and two secondary lagoons totalling 4.5 ha. Total storage
volume will be 250,000 m3. . The materials for the retaining dams and
dykes will be excavated from deposits in the mine area. Test drilling
reveals that conditions may be encountered during comstruction which
require that a low permeability till lining be applied to the bottom
of the lagoons. ' '

Inflow to the primary pond will be via a stilling basin
and inlet manifold, and ocutflow will be controlled by two decant towers.
Inflow to the secondary lagoons will be via a pipe manifold and outflow
via an overflow weir. When chemical treatment is required, chemicals
will be added at two mixing peints.

During high inflow, the two secondary lagoons will
operate in parallel; under low inflow, in series. This is designed to
improve treatment efficiency and reduce the use of chemical coagulants.
An emergency spillway channel will pass flows in excess -of outlet capacity.

6.4.3.2.6 Medicine Creek Sedimentation Lagoons:

Two lagoons totalling 1.8 ha will be constructed before
stripping operations in Year 15. The system will consist of a small
primary and a larger secondary lagoon.
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6.4.3.2.7 Lagoon Discharge:

The mean discharge hydrographs for the sedimentation
lagoons are show in Figure 6~6. The flood discharge hydrograph following
10-year 24~hour rainstorm is shown in“Figure 6~7.

The effect of lagoon discharges on water quality have
been assessed for three cases:

Case 1: wﬁere, under dry weather condition, Hat Creek would be at
its lowest and the main inflow would be from de-watering
wells. : -

Conclusion:

Water discharged will meet Pollution Control Board's "A"
guidelines except for a higher sulphate concentration.
The total dissolved solids concentration of receiving
water will increase by less than 2%.

Case 2: where, under Spring runoff conditions, the main inflow
would be from surface water in the lower pit. Hat Creek
flows would be high.-

Conclusion:

The North lagoon effluent will be suitable for discharge;
only the sulphate concentration would exceed level A
discharge objectives. Discharges from the pit rim
reservoir would meet level A objectives for all parameters
except copper which would be less than level B, The

total dissolved soclids concentration in receiving water
would rise by 2X.

Case 3: where, under Summer rainstorm conditions, a large amount
of surface runoff may occur in propertion to the rest of
Hat Creek Valley.

Cenclusion:

These are essentially the same as in Case 2 above, except
that the solids concentration in receiving waters would

increase by less than 5%.

The greatest increase in sulphate concentration occurs in
Case 1, but amounts to only 31 mg/L, increasing from 54 mg/L to 85 mg/L.
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Present Canadian standards for drinking water define

500 mg/L as acceptable and 250 mg/L as desirable. The natural con~
centration of sulphate in Hat Creek near the mine site measures approximately
59 mg/L and 76 mg/L further downstream. Taking all this into account,

the lagoon effluent may therefore be deemed acceptable by the regulatory

authorities,

The final concentration of copper in the receiving water
is well below the acceptable level of 1 mg/L of the Canadian Drinking

Water Standards 1968.

6.4.3.2.8 Operation:

To achieve the required discharge water quality, the
lagoon system will require careful operation, maintenance, and regular

checks and inspections of all components..

The total storage capacity of 100,000 m® in the North
lagoons and 30,000 m3 in the Medicine Creek Lagoon 1s calculated to be
greater than the expected lifetime yield of sedimentation of 10,000 m3
and 500 m® respectively. No clean~cut will therefore be necessary.

After the mine has closed, the lagoon system will remain
in operation until land reclamation has reduced sediment concentration
in runoff to acceptable levels. During this time, the stored water may

be used for irrigatiom.

The Mine Drainage Section of this report is
based upon the CMJV Mine Drainage Report,
October 1979, and has not been adjusted to
reflect changes in the 1979 Mining Plan.
The economic and envirommental effects of
such adjustments would be insignificant.
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TABLE 6-1

Projected Groundwater Yield From The Mine Development
Hat Creek Project Mining Feasibility Report 1979

YEAR 5 YEAR 13 YEAR 35
 VOLUME VOLUME VOLUME
md x 10° . m3 x 103 m3 x 103
QPEN PIT
Peripheral Wells 520 520 520
Seepage:
- Surficials 30 120 120
- Bedrock 20 30 30
Total 630 690 670

HOUTH MEADOWS DUMP

Embankment Seepage

- No. 1 9.5 11 11
- No. 2 1.5 3 4
- No, 3 ' 0 2 _3
Subtotal . 11 16 20
To Regional Groundwater 0.3-3 1l.5=15 6-32
Total 11-14 17-31 26=52
:
MEDICINE CREEK DUMP
Embankment Seepage 0 4 12
To Regional Groundwater 0 0.3-3 1-6
Total 0 4=7 13-18

Source: Golder 1979 Refer Appendix 2
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TABLE 6-2

Design Criteria For Planning Of Mine Drainage System
Hat Creek Project Mining Feasibility Report 1979

Probability of
Exceedence in

* Refer

6 - 25

BCH HEDD 1978 and Monenco 1977 for Design Criteria

' Design 35-Year/Mine
Type of Drainage Element Description Flood Life
Major Creek Diversions Hat Creek 1,000 year* 3%
Finney Creek 1,000 year* 3%
Houth Creek 1,000 year kY4
Upper Medicine Probable —
Creek Max.
Flood#
Perimeter Drains Around Pit 100 year 30%
Waste Dumps &
Slide Area
Surface Water Drains within Permanent Major 100 year 30%
mine development " Drains
Temporary Minor 10 year §7%
Drains
Leachate Collection Systems  Field Drains Max, -_—
Seepage
Rate
Dewatering Wells Collection Max. —
Systems Pumping
Rate
Sedimentation Lagoons Emergency 1,000 year 3z
Spillways
Treatment 10 year 97%
Capacity
Leachate Storage Lagoons Emergency 1,000 vear 3z
Spillways
Storage and 2x Mean —
Disposal Annual
Capacity Flow



- TABLE 6-3

Dasign Flows for Preliminary Plauning of the Mins Drainage Systen
Bat Creek Project Mining Feasibility Report 1979

Coda Estimated Estimated

(as on <.i . Watarshed TYlow Flow Flow Velums Data

Schematic) Description . Ares lm? Erequency Type n®/see nd ¥ 1000 GSources Remarks

HAT CREER

Ql Hat Creek u/s of mine 248 A o 0.63 - 1 -

Q2 Hat Creek d/s Medicine Cresk 308 A M 0.67 - 1 52kmt to PP Res
Q3 Hat Creak d/s of mine 383 A M .72 - 1 -

= Diversico Canal Capacity - 1000F P 27 - 3 Dndar emstgency

DIVERSIOR DRATNS

D1 Upper SW pit 2.0 1008 P 0.75% - 1
D2 South Slide runoff 3.7 100% P 1 - 1
D3 South Slide Diversion 1,1 14508 b4 Ll - 1
D4 Finney Ck Canal 21 1000F P 3,50 - 1
D5 Ambusten + EE Watershaed 35 1000F 4 7 - 1
D6 Pit Rim Pusp 4o - P 0.12 - 3 Pump capacity
‘D7 Hadicine Ck Runoff Canal - - - - - - -
D8 Medicine Ck Runcff Canal - - - - - - -
D9 East Watarshed 2 100R b4 1.2 - 1
D)0 North Slide runoff 1.2 100R P [+8 - 1
D1l Rorth Slide Diversicm 4.5 100R P 1.75 - 1
D12 Wast Perimeter Diversion 25 10007 P 4.2 - 1
D13 North Perimecer Diversion 1 100R P 1 - 1
Pl Lowar 5W Diversion 1.7 100K P 0.7 - 1
P2 SE Divarsion 0.5 100% P 0.5 - 1
P3 Watarshed below.Canal 3 1002 P 1.5 - 1
Ll Canal Laakage o) 4 M 0.01-0.025 -~ 3
MINE DRAINAGE COLLECTION SYSTEM 241t Volume
51 Houth Meadows Dump - 108 P 15 1 Project at max site
§2 Disturbaed slide ares Tunoff 100 108 P - & 1 "
§3 Slide dewatering walls DY P - 0,044 2 "
$4 BRunaff from Pit Surficials 35 10R P - 48 1 "
§5 Groundwater from pit Surficials DY P - 2 2" "
56 HNorth Valley Services arsa 200 108 b3 - 20 1 "
§7 Washdown water - b 4 M - 0.090 1 "
58 Madicins Craesk Dump - 10R P - 13 b3 "
DISCHARGE OF TREATED DRAINAGE
Wl North Valley Sed. lLagoons 10R P 0.8 56 1 From Hydrograph
W2 Medicine Cresk Sad. Lagoons 10R b4 0.2 13 1 " "
Est. Annual
ZERO DISCHARGE SYSTEM Voluma
2] Sanitary Effluent - oY M 0.0016 51 1 700 man shifts/day
22 Coal Blending Leachate 0.22 A M - 20 1 Project at max size
23 Lou-Grade Coal Laachate 0.33 A M - 15 1 "
Z4 Houth Dump Leachats - A .4 - 11 2 "
25 Pir Coal & Rock Lsachate - A M - 132 1 "
26 Dust Control coasumprion - A M - 319 1 "
27 Evapotative Disposal - A M - 129 1 "
Z&8 Medicine Dump Leachate - A | - 2 2 "
WATER SUPPLY SYSTEM
Hl Mine Services Area - or s M 0.0041 101 1 700 shifcs/dey
+ garden + wvashroom
H2Z Reveg Nursery - A .| - 75 L 10ha
Key £o Symbols in Table: Sources of Data®
OR = 1l00-ysar Av Tecurrence interval rainstorm flood 1 CMIV Eatimate
1000F - 1000~vear Av " " raipesnevmelt flood 2 Golder Assoc. 1978, 19
10 = 10-yaar Av " " rainstorm flood 3 BCE HEDD, 1978
DY - Daily
A = Anmual
P = Peak Discharge
M = Msan Discharge
BOTE:

These data are based on Preliminary Mine Planning Date, Hydrological and Hydrogeological Studies. Surface watar flows
from small watarshads and seepage flows are sstimates based on several arbitrary zssumptions as to runoff infilrracion
faccors and hydraulic conductivicies, They therefors should be upgraded when further site-specific dats becomes availabla.
Where a range of flow is shown, this identifies the variability of flow in terms of the assumptions made. Areas used
corraspond to the estinsted maximum sffective area of natural watersheds, disturbed sreas, or mine facilities to be draiped.
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TABLE 6-4

Prolections of Water Quality of Mine Drainage
Hat Creek Mining Feasibility Study 1979

Aleece
Lake

1.6
N.A,

H.A.
N.A.
H.A.
217
<0.5
N.A.
H.A.
H.A.
N.A.
52
H.A.
H.A.
N.A.
85

N.A.

N.A.

kL]
H.A,

H.A.

HATURAL SURFACE WATER
Hedicine
Hae (1) Creek Finney

Poarameter (wg/l1}) Creek Area Lake
pti {units 8.4 8.3 8.2
Filterable 136 2175 17.9

Residue
Hon-Fllterable 8~ 0-110 H.A.

Realdue
BOD <1 N.A, N.A.
T0C 8 19 18
Alkalinity 232 F¥11 123
Chloride 1.2 0.4 6.5
Fluoride : 0.14 0.12 0.22
Nitrate (as N)ha* <0.06 0.04 <Q,02
Kjeldahl Kltrogen 0.19 0.26 0.8)3

(as N)
ortho Phosphate 0.038 0.01 0.025

{as F)
Sulfate 30 20 5
Arsenie <{). 005 «0.005 «<0.005
Boron <0.01 <0.1- <0.1
Cadmium «<0.005 <0.005 <0, 005
Calcium 145 130 60

(as CaC03)
Chromius <0.01 <0.01 <0.01
Copper <0.005 <0.005 <0.005
Iron «<0.018 <0.02 <0.04
Lead <0,01 <0.01 <0.01
Haghesium 14 a5 33

{as CaC0y)
Mercury <0.00038 <0.0005 <0.00033
Sodium 20 11 15
Vanadiunm <0. 005 «<0.005 <0.005
Zinc 0.008 0.009 <0.006
SOURCE: Beak 1978,

Medicine
Creek
Duwp

<115-150
H.A,
332-360

58-61
0.7-1.1
3.5~4.2
N.A.

0.27-
0.3
330-3504

«<0.18-
0.56%
<0.7-0.8
0.022%
260-215

«<0.13~
0.14%
<}.2-
1.3%
<).4-
1.5%
<0, 026
72-15

<. 0015~
0.00174
115~120
<0.05-
0.06
0,29~
0.64%

Ash
Leachate

8.0-9.0

4B00-
8900%

N.A.

<35-193
N.A.
1120~
1260
175-1%
3.3-4.9%
2.4-3.3
N.A.

0,14
0.31
1500~
15804
<0.6-
2.4%
<3.0-3.6
<0.1
1050~
1130
<0,12-
0.20%
<0,23-
0. 334
1.95
2.05%
<0.05
220-130

<0.0013-
0.00221%
325-335
<0, 18-
0.22
0.82-
2,58

Hine
Wasta(2)

137
N.A.
123

27

D.07%
0,04
<0.002
4B
0,13
1.5%
1.254

0.02
J3

0.0015*

63
0.01

0.15

MINE DRATHAGE

Coal
Leachate .

5.0
8400%

N.D.

N.D.
H.A.

0.0}
31700+
<0,003
0.31
N.D.
1900
<0.01
0.04
0.26

N.D.
2240%

<0.000]

190
<0, 04

0.11

Lot .
Grade
Coal
Leachate

4.6%
54004

N.D,
N.D.
N.D.
<0.5
0.88
R.D.
N.D.
H.A.
H.D.
3aooa
<0, 005
0.7
N.D,
1075
<0.01
<0.007
<0.01

H.D.
16804

<0.0001

150
0.006

0.18

1979 NOTE: (1) Mean of weasurementa isken Sept. 1976-1977 during a low flow year.
(2) Surface runoff has been projected to be of this qualicy (Beak 1979).
{3) Subject to review,

% jndicates parameter f» in excess of PCB Level A Guideline

| ] | |
DISCHARGE GUIDELINES
Slide Pit- PCa
Debris Pic- water(2) Level A
Ground- water{2) Sur- * Objec—
water Bedvock ficisls tives
8.0 1.8 1.9 6.5-8.5
1070 1950 350 <1500
N.D. N.D. N.D, <50
N.A. N.D. N.D. N.D.
50 50 21 N.D.
570 1185 310 N.D,
28 42 4 N.D,
0.16 0.2 0.2 2.5
«<0.14 <0.06 0.2 10
<13 14 «<0.2 N.D.
«<0,01 <0.03 «<0.03 2
330* <3214 270% 50(3)
<0.005 0.006 <0.005 0.05
<0,21 0.3 <0.1 N.D.
<0.005 <0.005 <0, 005 0.005
208 180 200 N.D.
<0.0] <0.01 <0.01 0.0%
<0.008 <0,008 0,005 0.05
<0.06 <0.075 <0.011 0.3
<0,03 <0.013 <(.01 0.05
118 124 116 652(a8
CaC0y)
<0,0003 <«0.,0003 <0.0003 0.00)
230 412 9] H.D.
<0.006 «0.007 «0.005 N.D,
<0.36 0,52+ <0,03 0.5



TABLE 6-5

Estimacad Sedimentation Lagoon Inflow - Year 15
Hat Creak Project Mining Peasibility Report - 1979

Bl e — " T

Source Area cN = Q0 Q35 Qlo0
- (ha) (@%x10%)  (=3x10%)  @dxod)  (edxiod)
NORTH VALLEY LAGOONS
1. Open Pit Mine
Runoff sbove EL 900 250 90 200 k) 65 100
Runoff balow EL 900 85 90 &8 {38) 10w {22) 10 {17)10%
Dewatering flow (3110 2 2. 2
2. North Vallay
Service araas, roads,
and open space 200 85 100 20, 38 64
3. 5lide Area .
Disturbed land 100 80 50 6 13 2%
4. Houth Mesdows Waste Dnmp
Stripped land - - - - - -
Lavelled wasta 24 90 12 [ 6 10
Reclaimad land 190 80 95, 11 25 46
Tocal Norch Valley Lagoons 849 - 1181 24 15¢ 256
MEDICINE CREZX LAGOONS
5. Medicine Crsek Dump .
Stripped land - - - - - -
Levelled waste 24 90 12 [ 3 10
Raclaimed land 148 80 74 9 19 36
Total Medicine Creek Lagoons 12 - 86 13 25 1]

Nota:

C8 = Curve number for soil covar complax refer Pig.

Qm = Mean annual volume of runaff.

Q10 = lp-year recurrente interval 24~hour rusoff volums.

Q35 = 35-year recurrence interval lé~hour runoff voliums.

QLG0 = 100~yesr racurrence interval Zi-hour runcéf volums.

"It is amsumed thAt maximum 2é-hour inflows will occur during suser raipscorms.

Curve numbers for soil cover complexes have basn estimarted from literaturs (DSSCS 1964, 1975).
* Contribution to pond inflow llmited by pump capacity,

** Includes 16,000 m? from alida area.

6~ 28



TABLE 6-6

Projected Quality of Lagoon Discharge and Hat Creek - Case III*

Hat Creek Project Mining Feasibility Report 1979

Projected Projected Projected

Effluent Pit Rim Hat Creek

North Dam Existing After
Parameter (mg/l) Lagoon Discharge Hat Creek Mixing
pH (Units) 8.4 8.3 8.4 8.4
Temperature C N.D. N.D. N.D. N.D.
Filterable Residue 376 450 342 435
Non-Filterable Residue <30 <50 95 82
TOC 11 20 9 12
Total Hardness (as CaCOj3) 220 196 224 227
Alkalinity (as CaCOj3) 223 200 226 230
Chloride 2.3 5.0 1.1 3.6
Fluoride 0.16 0.13 0.16 0.19
Total Nitrogen (N} <0.43 0. 60 0.24 <0.43
Phosphorus (P) : <{0.05 <0,06 0.043 <0.05
Sulfate 57 35 54 63
Arsenic <0.008 <(.019 <0.005 <0,023
Boron <0.1 <0.09 <0.1 <0.13
Cadmium <0.005 <0, 005 <0.005 <0.006
Calcium (as CaC03z) 140 122 143 146
Chromium <0.015 <0.03 <0.01 <0,016
Copper <0,07 <0.26 <0,005 <0.066
Iron <0.08 <0.23 <(.026 <0.09
Lead <0.01 <0.012 <0.01 <0.01
Magnesium (as CaCOgj) 76 73 77 77
Mercury <0. 0004 <0.0006 <0, 0004 <0.0007
Sodium 24 . 24 20 24
Vanadium <0.005 <0.006 <0.005 <0.007
Zinc <0.014 <0.007 <0.035

* Summer Rainstorm Condition (Year 35)

Hat Creek discharge was assumed to be 1.68 m®/sec.
dewatering rates are from CMJV estimates.

assumed to occur in the lagoons.

(Source: Beak 1979)

6 - 29

<0.03

Discharges to Hat Creek via

sedimentation ponds include surface runoff caused by a 10-year 24-hour
rainfall, dewatering flows from pit surficials and from the slide area.
Surface runoff and

Flow attenuation has been
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SECTION 7

FUEL QUALITY

7.1 INTRODUCTION

The quality of the coal to be supplied as boiler fuel has
a major impact on the design, economics, and the environment of both
the mine and the powerplant. Because of the wide range of variability
of the cocal in the Hat Creek No. 1 Deposit, it is possible to produce a
number of fuels of different quality. As a basis for the selection of
the project performance fuel, the following objectives were established:

(1) The performance fuel must be within the design limitations for
conventional North American boilers and pulverizers;

(2) A consistent quality of coal within specified tolerance limits must
be supplied to the powerplant;

(3) Utilization of the coal resource should be maximized;
(4) Adverse envirommental impacts should be minimized;

(5) The energy cost should be minimized. This requires a careful
balancing of capital and operating cost factors between the mine
and the powerplant.

To meet these cobjectives, a mining method has been
developed that will economically produce performance fuel for the
boilers, while providing for a high level of resocurce utilization and
minimizing envirommental risk.

A sequence of mining plans and production schedules
developed for the anticipated life of the powerplant demonstrate that
fuel of a consistent quality ~ 18.0 MI/kg - can be produced by selective
mining within a tolerance of 1.0 MJ/kg. To smooth out short-term
fluctuations in the fuel quality, a comprehensive blending stockpile and
reclaim facility is planned. The mining plan is flexible; it will
always permit access to higher quality, low=sulphur coal when necessary
to cope with predicted short-term sulphur dioxide excursions beyond
regulated ambient levels.

The beneficiation of coal by washing was studied at
length and rejected on technical, economic, resource utilization, and
environmental grounds.



7.2 HAT CREEK COAL

The quality of the coal in the Hat Creek coal deposits
varies over an unusually wide range. The reasons for this are presented
in Section 5.3.8.1, which discusses how the coal was deposited and how
the coal formation grades from good coal through low-grade coal to clay.

It is difficult to present a clear cut classification
system that consistently and accurately describes the different grades
of coal, except on the extremes of the range. The good coal is shiny,
black, thinly bedded, hard, and breaks with a glassy conchoidal fracture.
This coal is typical of the D-zone coal, particularly in the D3 sub-
zone, contains approximately 20% ash, and has a heating value of 23 MI/kg.
At the other extreme, the carbonaceous claystone is a soft, grey to
dark-grey, earthy clay matrix with finely disseminated carbonaceous
particles, and has greater than 80% ash and a heating value less than
2.3 MI/kg. Between these two extremes there is a complete spectrum of.
coal quality developed by an increasing frequency of partings in the
good coal from one end of the scale, and of an increasing percentage of
carbonaceous particles in the clay matrix from the other.

: For example, cut-off grade quality (9.3 - MJ/kg, 59% ash)
coal could occut in two different ways:

(1) Bands of equal thickness of good coal and pure clay;

(2) A massive low-grade coal band with-SOZ by volume, high-quality
carbonaceous particles in the clay matrix, or by some combination
of these.

Table 7-1 presents a broad classification of Hat Creek
coal and the principal related characteristics.

It is important to recognize the nature of the variability
of the Hat Creek coal and the numerous zonmes of transition between coal
and waste. These factors have a major impact on the quality of run-of-
mine coal and on the processes that can be applied to improve the quality
of fuel supplied to the powerplant.

A review of the data presented in Table 7-1 is helpful in
understanding how the decision between fuel and non-fuel material was
made. Categories 4, 5, and 6 were rejected because they contain a very
high preportion (>73£) of non-combustibles: ash and moisture. Including
such poor material in the fuel reduces the boiler efficiency, increases
wear and tear in pulverized-coal-fired boilers, and creates handling

problems in the powerplant coal system.



Category 3, the low-grade coal, was considered marginal
fuel for the boilers and is discussed further in Section 7.5. The 35-
rear design pit contains 21.7 million tomnes of low-grade coal. The
inclusion of this quantity with the boiler fuel would increase the total
heat available by 2.7%, but would be accompanied by an increase of 11.97%
in the quantity of ash to be processed through the boilers and disposed
of,

The fuel selected for the boilers is a blend of coal from
categories 1 and 2, produced by selectively mining bands of fuel and
non-fuel materials down to 2 m in thickness. The resulting fuel over 35
yvears will average 18.0 MJ/kg with 33.47% ash and 0.51% sulphur (dry-
coal basis) and 23.5% moisture content. The non-combustible content of
this fuel is slightly less than 50%.



7.3 COAL BENEFICIATION

Coal beneficiation is a broad term which includes any
process that improves the quality of coal. In dealing with boiler
fuels, this generally implies raising the heating value and reducing the
ash content of the coal. Beneficiation, however, can also be used to
reduce the moisture or sulphur content. The majority of the proven
beneficiation processes in use are wet, gravity-separation processes.
Dry processes have been used in the past, and new dry processes are
under development.

An extensive program of investigations into coal bene-
ficiation has been completed and is outlined below,

7.3.1 Testing Programs

The initial investigations into coal beneficiation were
directed towards establishing the characteristics of the proposed
beneficiation plant feed and the performance of coal samples in standard
laboratory washability tests. Data from these tests were used to
predict the performance of the coal in various beneficiation processes.
Larger samples of the coal were then processed through pllot-scale
beneficiation plants. The results of these pilot plant operations were
used to validate the predictions made from the laboratory tests and to
develop plant design criteria.

In 1976, three bulk samples of Hat Creek coal were
obtained by drilling a series of 0.91-m diameter bucket-—-auger holes.
These three samples represented coals of different quality: 13.2, 18.1,
and 20.2 MJ/kg (dry-coal basis). A portion of each sample was tested in
the laboratory of Birtley Engineering to determine the size distribution
of the material and to establish the sink-float characteristies. The
results of this testing form the basis for the prediction of performance

in gravimetric processes.

The remainder of the three bulk samples was crushed to
-20 mm. The (20 mm by 28 mesh) fractions were cleaned, using heavy-
media cyclones, and the -28 mesh fractions using water-only cyclones.
In the heavy-media process, the clay coated the media, creating density-
control problems and high magnetite loss. Part of the raw and washed
coal samples were shipped to CCRL Ottawa for pilot-scale burn tests.



In 1977, three samples were obtained during the bulk
sample program: two from Trench A and one from Trench B. Particular
care was taken in obtaining three samples to ensure that they represented
"as mined" coal rather than the finer coal obtained using the bucket-auger.
These samples were sent to Warnock Hersey Professional Services, Calgary,
for a laboratory testing program designed by Simon-Carves Canada Ltd.
This program was essentially similar to that conducted in 1976, except
that a wet attritilon test, based on an Australian standard method, was
introduced to permit the anticipated degradation during processing to
be evaluated in the laboratory.

A 73-t sample obtained from Trench A during the bulk
sample program was submitted to the Western Research Laboratory of
Energy Mines and Resources, Edmonton, for evaluation of its beneficiation
performance in their compound water cyclone pilot-plant. A second
objective of this program was to evaluate the production and treatment
of the liquid tailings effluent.

7.3.2 Conclusjions Drawn from Test Results

(1) BHat Creek coal is subject to severe breakdown in water, especially
where there is attrition. The clay particles from the coal form a
suspension which can interfere with gravity-separation processes;

(2) Washability data show that the degree of beneficiation achieved would
be relatively low for the effort expended; approximately half the
normally expected improvement would be gained;

(3) The finer size fractioms have increasingly difficult washability
characteristics. Since all cleaning processes are less efficient
for the finer size fractiouns, the overall efficiency of any process
treating the fine size fraction would be abnormally low;

“(4) The finer size fractions have increasingly higher ash content.

This would limit the effectiveness of a commonly used process for
thermal coals where washed coarse coal is blended with unwashed
fine coal;

(5) The better quality (D-zone) coal should not be washed, because
the small improvement in quality would not offset process losses;



(6) The tailings produced by any process—washing of Hat Creek coal
would be largely a clay-water suspension, which would be extremely
difficult and costly to dewater. The guantity of tailings produced
by any process would be dependent on the size of the material and
the duration of contact between the coal and water;

{7} There would be some reduction in the sulphur content per unit of
heating value of the coal through washing, with resulting lower
powerplant sulphur emissions;

(8) Practical beneficiation plants could be designed and operated to
clean the Hat Creek coal and their performance could be predicted
with reasonable confidence from laboratory tests;

(9) The design of a practical tailings disposal scheme wculd require
pilot-plant work and further research.

7.3.3 Alternative Beneficiation Processes Considered

A wide range of possible beneficiation processes were
reviewed in the light of the results of the test programs and the
process characteristics. The processes were evaluated on the basis that
only coal from the A, B, and C-zones would be washed, while the better
quality D-zone coal would be blended with the wash plant product. The
plant feed would be divided into coarse and fine fractions by screening
at a nominal 13 mm. Six practical plant schemes were selected for
evaluation:

(1) Heavy-media bath (coarse coal) and waterwoﬁly cyclone {fine);

(2) Heavy-media bath (coarse) with untreated fines;

(3) Baum jig (coarse) with untreated fines;

(4) Untreated coarse with dried and classified fines;

(5) Water-only cyclones for coarse and fine coal which would require
crushing coarse coal to -40 mm, This scheme would be similar to

the EMR pilot process;

(6) Heavy-media bath (coarse) with dried and classified fines.



For each scheme a preliminary modular plant design was
prepared and capital and operating cost estimates made. Predictions of
plant performance were made based on the available test data.

7.3.4 Tailings Disposal

The disposal of tailings from a beneficiation plant
received very close attention, because of the known difficulty experienced
elsewhere by the tarsand, phosphate, diamond, and china clay operations
in dealing with tailings with a high clay content.

The concentration of clay particles would build up in the
plant process water to a level that is unsuitable for use, Under natural
conditions, the clay settles very slowly, Under lagoon storage conditioms,
it is anticipated that over a period of years natural sedimentation
would produce a sludge with 40% solids. Any further improvement beyond
this level would be extremely slow, requiring many years. The settling
can be accelerated by the use of flocculants, which will produce a layer
of relatively clear water for re-use in the process and a settled layer
with a solids content of up to 40%Z. However, there are indications that
the use of flocculants limits the long-term compaction that can be
achieved.

The only possible alternative to lagoon sedimentation and
storage 1s mechanical dewatering by the application of solid=-bowl
centrifuges., Laboratory work on Hat Creek tailings conducted at EMR,
Edmonton, indicated that a cake of 75% soclids material could be produced.
Operating plant experience suggests that a 457 solids product is a more
realistic estimate. For the total beneficiation schemes evaluated,
approximately 50 million m3 of 45% solids sludge will be produced over
35 years.

The physical handling and disposal of this material
presents some difficult problems. One method of disposal is to convey
the sludge with the wash plant solid discard material to the Houth
Meadows Waste Disposal Area, a distance in excess of 2 km. This would
create conveyor problems - especially in sub-zero temperatures. Testing
would be required to ensure that the sludge-sclid discard mixture can be
conveyed up 10% gradients. The alternative method of sludge disposal is
by storage in a lagoon similar to that provided for the sedimentation
process, although in this case the lagoon would be smaller.



‘Qf the two altermative methods for sludge dispesal, only
the lagoon sedimentation and storage approach can be considered proven
and practical. There are some serious drawbacks to using this method:
lack of a suitable storage space; the cost of building retaining struc-
tures for the lagoons; and the possible permanent alienation of the land
in the storage area should it prove impossible to reclaim.

The mechanical dewatering process would require further
research and testing, particularly on the performance of centrifuge
equipment and the handling and disposal of sludge, before it could be
proposed with any confidence. Should dry disposal of the sludge prove
impractical, the mechanical dewatering process could prove to have the
same disadvantages as the storage and -sedimentation approach and prove
more expensive to operate.

7.3.5 Conclusions

An evaluation of the costs and benefits was conducted
based upon the estimated capital and operating costs and the predicted
plant performance of the selected schemes. The principal conclusiomns
were: :

(1) Hat Creek coal can be beneficiated to produce a fuel averaging
21.0 MI/kg, compared to 18.0 MI/kg for run-of-mine coal;

(2) Sulphur emissions could be reduced by up to 20-25% using benefi-
- clated fuel;

{3) The disposal of clay tailings remains a major technical and economic
problem, with potentially severe envirommental impacts;

(4) Resource utilization would be reduced by 5-8% because of process
losses to tailings. This is partially offset by improved boiler
efficiency; but the remaining losses must be made up by mining
additional tonnages of coal at higher marginal stripping ratios;

(5) The estimated capital and operating costs of the beneficiation
plant exceed the anticipated savings in the powerplant.

Based upon these conclusions, it was decided to eliminate
beneficiation from further consideration in the base plan.



7.4 BOILER FUEL SPECIFICATION DEVELOPMENT

7.4.1 Introduction

The boiler fuel specification is a critical projeéct
document whose reliability must be assured for the design of appropriate
boilers and ancillary equipment for the powerplant. The penalties of a
design based on an incorrect fuel specification are severe and include
the inabilicy to produce at rated capacity and excessive maintenance
costs,

In March, 1979, the Paul Weir Compaﬁy (Weirco) were
retained to review and refine the boiler fuel specification previously
developed by B.C. Hydro staff. The scope of the assignment included:

1. Data Assessment

(1) A review of the quantity and quality of the data available for the
purpose;

(2) A review of the procedures followed in analysing the data and of
the conclusions drawn;

(3) 1Identification of any requirements for additional testing and
recommendations of appropriate testing procedures;

(4) An assessment of bench-qualif& variabilicy.

2. Fuel Assessment

An assessment of the suitability of the fuel for the
design of a large steam generator and identification of any potential
problem areas in design and operation.

3. Preparation of Boiler Fuel Specification

Presentation of the coal fuel characteristics and any
necessary description in a form suitable for inclusion in a boiler
specification document.



7.4,2 Data Assessment

The first phase of the assessment program was an evaluation
of the internal consistency of each of the four laboratories used, as well
as the ability to reproduce results between the laboratories. This
comparison was conducted on nine of the most important characteristic
values. As a result of this examination, the results of one laboratory
were excluded from further evaluation. Weirco does not believe that
this exclusion significantly affects its overall conclusions, because
the samples distributed to each laboratory were not concentrated in a
limited area and the excluded laboratory's participation was relatively
small. During this phase the data base was screened for apparently
erratic results.

A series of regression studies were performed during the
second phase of the program to establish certain relationships that are
typical of Western coals. These correlations were obtained from the
data accepted in Phase I:

€O, - % = 0.058 x % Ash - 0.269

(This equation is used to adjust the volatile matter
content for COj.)

Adjusted Volatile Matter - % = 48.90 - 0.475 x % Ash
Equilibrium Moisture -~ % = 25.145 - 0.0617 x % Ash
As Received Moisture - % = 28,439 - 0.1566 x % Ash

A series of tightly controlled determinations of the
Hardgrove Grindability Index (HGI) at approximately 10% moisture were
made on coal samples with varying ash content. Weirco calculated the
following exponential curve as the best fit for the data:

0.02 x % Ash
HGI = 24.40 e

Because of Weirco's previous experience with the under-
reporting of the alkali content of Western coals, a number of samples
from each sub~zone were analyzed by two methods: the standard and a
modified method. On an overall average basis, Na,0 was under-reported
by 36.4% and K,0 by 17.0%. Based on these results, the alkali-content
data was adjusted. These adjustments eliminated most of the undetermined
error from the amalytical data.
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The third phase of the assessment program was the prepa-
ration of a series of data summaries for use in preparing the final
boiler fuel specification. These summaries were prepared initially on a
zone-by-zone basis and then on a composite basis, where each zome is
weighted in proportion te its contribution to the designed pit. 1In
developing the data summaries, the regression equations were used to
adjust the volatile matter, the HGI, and the ultimate analyses except
chlorine, sulphur, and ash.

Concurrently, Weirco also examined the mining plan to
evaluate its impact on coal quality. The principal conclusions drawn
were:

(1) Core examination indicates that the run-of-mine coal quality can be
upgraded by selective mixing practices. Material exceeding 60% ash
content should be excluded to the maximum practical extent;

(2) No further allowance should be made for dilution, because the
sampling procedures have included significant quantities of waste
material with the good quality coal. This included waste could not
be eliminated in the evaluation of selective mining;

(3) The short-term fluctuations are the daily or weekly swings in
quality which are a function of where the coal is being mined from
a given bench or series of benches. On a weekly basis, the dry-ash
content can probably be controlled to approximately 1.5 percentage
points, which equates to a heating value range of 20.6 MJ/kg. The
daily fluctuations would be approximately double the weekly range.

7.4.3 Fuel Assessment

7.4.3.1 Testing Programs

To establish the feasibility of burning various qualities
of Hat Creek coal and to develop design parameters for full-size boilers
and their associated equipment, two test programs were undertaken., The
initial program was on a pilot-scale research boiler, followed by a bulk
burn test in a small commercial unit,
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Pilot-scale Testing

Pilot-scale testing was conducted in the research beoiler
at the Canadian Combustion Research Laboratory (CCRL) in Ottawa.

Six samples of Hat Creek coal were tested along with a
coal of known performance from Sundance, Alberta. The Hat Creek samples
were obtained from the bucket-~auger drilling program and consisted of
three raw samples and three washed samples obtained from the test-
washing program conducted by Birtley Engineering.

The principal conclusions and comments reported were:

(1) Hat Creek coals having a heating value of 13.9 MJ/kg or more, on an
equilibrium-moisture basis, can be successfully burned using con-
ventional pulverized-fired techneology. This heating value is
equivalent to approximately 18.1 MJ/kg on a dry-coal basis.
However, in the design of steam generators for this coal, it is
imperative that reliable facilities be provided for removing the
large quantities of ash that would be produced;

(2) All three samples of raw Hat Creek coal burned during the program
produced stable flames without support fuel;

(3) The three samples of washed Hat Creek coals generally produced
hotter, more stable flames than the raw coals. The removal of much
of the extraneous clay by washing facilitated handling and drying
noticeably. Reactivity was also improved;

(4) High clay and moisture content in the Hat Creek coal makes handling
- difficult. This problem could be minimized by drying the coal to
less than equilibrium moisture.

The results of the CCRL pilot-scale tests were considered
in the planning of the bulk burm test at Battle River.

Bulk Burn Testing

The principal objective of the burn test was to monitor
the behaviour of Hat Creek coal of a quality at or near the anticipated
minimum acceptable level in a commercial scale powerplant, and to obtain
data needed for steam generator and ancillary equipment design. Key
parameters observed included:

« coal-handling;

~ pulverizer performance;
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combustion characteristics (flame stability and ignitability);

t

slagging and fouling characteristics;

ash-~handling;

precipitator performance.

The burn tests were conducted in Unit No. 2, a 32 MW
{nominal capacity) unit at the Alberta Power Ltd. (APL), Battle River
Station near Forestburg, Alberta, during August, 1977.

In order to establish with confidence a lower limit for
the practical burning of Hat Creek coal, the fuel selected for the test
burn was below the minimum recommended by CCRL. The coal used in the
- test averaged 15.2 MJ/kg on a dry-coal basis, with individual tests
being successfully run on samples as low as 13.0 MI/kg. The "as received"
moisture content was 21.8% (see Table 7-2).

The bulk burn test‘provided important practical data to
establish the reascnable minimum quality of Hat Creek coal that can be
used as powerplant fuel.

7.4.3.2 Comparison with Other Plants

In assessing the suitability of Hat Creek coal as a
boiler fuel, it is useful to examine the design fuels for other power-
plants. The Brazos Plant, San Miguel, Texas, has a 400 MW (net) unit
scheduled for commercial service in early 1980, fuelled by raw lignite.

Table 7~2 compares some of the principal characteristics
of the San Miguel fuel with Hat Creek performance coal and the fuel
tested at Battle River,

Considering the results of the burn test and the San
Miguel design fuel, the proposed Hat Creek performance coal appears to
be well within the range of boiler technology and provides a reasonable

basis for design.
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7.4.4 The Boiler Fuel Specification

The boiler fuel specification is used to design the steam
generator and also to establish a reference point for evaluation of
manufacturers' performance guarantees. This is the average, or performance,
fuel for the project. The second fuel that is of major significance to
the project is the low-sulphur or MCS coal.

The specifications for these fuels is presented in Table
7"3.

The performance fuel is the normal product that the
mining operation is designed to deliver at all times, except for a small
percentage of the time when high-grade, low-sulphur coal is required for
implementing the Meteorological Contrel System.

_ The size distribution of the fuel that will be delivered
to the powerplant silos is a significant factor in pulverizer design.
Estimates of the size distribution have been developed from the results
of laboratory and field crushing tests. Table 7~4 presents two estimates
of size distribution: The first is for the normal coal flow from the
blending pile to the silos, and the second is for coal subjected to
long~term storage and compaction prior to utilization.
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-
- 7.5 LOW=GRADE COAL
-
f Low-grade coal is a fuel of marginal quality that should
- not be incorporated into the powerplant fuel unless it can be improved.
It is defined as having a heating value between 7.0 and 9.3 MJ/kg and an
T ash content of 59-66% (dry-coal basis). At a moisture content of 20-
: 22%, it contains between 68% and 727 non-combustible materials, As
- discussed in Section 7.2, low-grade coal is not a simple, well-defined
- ‘ material, but occurs as the result of a combination of many different
depositional conditioms. Within the designed 35-year pit there are 21.7
- - million tonnes of low-grade coal averaging 63.5% ash content and 8.0 MJ/kg.

There are two alternatives available for improving the

. - quality of the low-grade coal: washing and dry beneficiation. The wet
process was quickly eliminated from consideration because of its cost,
the low recovery, and the magnitude of the tailings problem that would
be created, It is estimated that low-grade coal would produce three
times the volume of sludge per tonne washed compared to run-of-mine

. coal,

- - Based on observations of results obtained during dry

screening tests, the theory was postulated that a limited degree of
N beneficiation could be achleved by screening low-grade coal at 13 mm or
. - 20 mm and discarding the undersize.

Tests were conducted on low-grade samples avallable in
- the bulk sample trench. These tests indicated that some improvement
N could be achieved, and a possible plant layout was developed (see
Section 8). However, there are some reservations that must be eliminated

' - by further testing before committing the comnstruction of this plant:
{1} The results are based on limited samples and are not necessarily
' representative;
'
- (2) The moisture content has a major influence on the efficiency of the
screening;
‘ -
- (3) The performance of the soft, massive, silty coal in screemning is
not known.
-
- To resolve these questions will require testing materials
from greater depth in the deposit when access te them can be gained.
-
-
-
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In the plan presented in this report, it has been assumed
that a low-grade dry beneficiation plant will be constructed and its
costs incorporated into the cost projections. No allowance has been
made for the recovery of additiomal heating wvalue. Should further
testing prove that the process is not practical, the material-handling
system will be revised to circumvent the proposed plant. Without this
plant, there are four options for digposal of the low-grade coal:

(1) Use as a raw material for an alternative use such as alumina
production;

(2) Disposal as waste;
(3) Stockpile for possible alternative uses;

(4) Incorporate with the run-of-mine fuel, should experience prove that
no serious problems would be created in the boilers.
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7.6 FUEL QUALITY CONTROL

7.6.1 Introduction

The fuel supplied to the powerplant must maintain a
consistent quality in heating value to permit stable boiler operation,
and in sulphur content to meet emission standards. This consistency
must be achieved over both long-term and short-term periods. The
ability to meet the quality requirements over the life of the project
has been established in developing the mine plan and production schedule.
This work showed that on an annual basis, the 18.0 MJ/kg can be produced
with a tolerance of 1.0 MJ/kg and that the 0.51% sulphur content can be
met with a tolerance of 0.057%.

: Having established that contrel can be maintained in the
long-range plan, short-range control can be achieved through the selec-
tion of appropriate mining systems and the design and implementation of
planning and monitoring procedures. )

The key to reducing short-term fluctuations in coal
quality is tp smooth out the variations that occur in nature. The
selected mining methods and equipment make this practical. The appli-
cation of selective mining techmiques eliminates much of the poor-
quality material from the fuel. The number and size of shovels selected
ensure that in normal operation coal can, and will, be mined from
multiple locations of varying qualities. There will be some mixing of
coals from different mining locations through the conveying and crushing
systems. The blending scheme is specifically designed to provide a
stream of reclaimed coal to the powerplant with minimal variation from
the mean of the blending pile. All of these factors combine to form an
effective variance-reduction system.

7.6.2 Control Program

The comntrol program has two primary elements: planning
and monitoring. During operations, each week's production will be planned
and scheduled to deliver the guantity and quality of coal required to the
blending plant. This coal will be laid down in a blending pile to be
reclaimed to meet the powerplant's fuel requirement for the succeeding
week. In a typical week, the production requirement will necessitate in
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excess of 30 shovel-operating shifts. These shifts will be scheduled
based on the quality of coal available to meet the required average over
the week., The stacker will normally lay this material down in 100
windrows to ensure that the variability of the reclaimed fuel is minimized.
The reclaimer recovers the coal, taking slices perpendicular to the
direction in which the pile was constructed.

The key to being able to prepare useful weekly production
schedules is the ability to predict the quality of the coal to be mined.
Based on the data available from the diamond=-drill holeg at 150 m spacing,
the heating value for an individual block of coal can be predicted with
a standard error of 5%, and the sulphur, which is more erratic, has a
standard error of prediction of 10-12%. When a number of different
blocks are combined, as in a weekly production schedule, these standard
errors would be reduced. :

While this level of predictability 1s very good at this
stage of the project, it can be improved upon considerably as more data
becomes available as the mine is opened up. As the mine develops, it is
planned to acquire additional data through geological mapping, in-£fill
drilling, face sampling and monitoring actual production to improve
quality predictions to a high level of reliability.

Provision has been made in the design of the material-
handling system for continuous ash monitors, which, when integrated with
signals from the weightometers, can produce a record of the status of
the blending pile. Composite samples will be collected once or twice a
shift for laboratory analysis to provide verification of the results of
the ash monitor. Sulphur monitors are still in the development prototype
stage. These would be installed when proven. Until that time, sulphur
mounitoring would be provided through laboratory analysis of the com-
posite samples, which could be taken more frequently, should it prove
necessary.

The monitoring results on a shift or daily basis provide
an opportunity for comparing actual versus forecast quality, which is
useful for improving the prediction process and for initiating modifi-
cations to the current week's production schedule where required. The
monitoring data would be a key item on daily production reports to
management, This system provides timely data for corrective action and
control.

The quality of coal reclaimed and corveyed to the power-

plant will be monitored in a similar manner on the Overland Conveyor as
a confirmatory check on quality.
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7.6.3 Special Operations

The mine will produce two qualities of fuel: performance
coal and low=sulphur coal. The low=-sulphur coal will be produced only
to meet the requirements of the Meteoroclogical Control System, which is
designed to eliminate unfavourable ambient sulphur dioxide concentrations.
It is estimated that these conditions will occur about 2-4% of the time
on a seascmnal basis. The low-sulphur coal will be produced from the D-
zone, which is characterized by its ,low sulphur and high heating value.
The D-zone represents approximately 40% of the coal to be mined over the
project life. When the production of low-sulphur coal is required, this
coal would bypass the coal-blending facility and be conveyed directly to
the powerplant. During normal operations, it would be necessary to keep
one of the coal shovels in D-zome coal to control the sulphur content in
the blended performance coal. One of the coal shovels will be diesel-
powered for added mobility, and this shovel can be relocated to any '
required quality of coal to replace a shovel that is inoperative or at
other times of low output.

During the early years of operation, before four generating
units are on stream and the coal production is limited, there is some
concern that coal quality can be controlled within acceptable tolerances.
To provide assurance that the tolerances can be maintained, the coal-
stacking system has been designed to permit blending piles to be built
in 200 passes instead of the normal 100 passes.
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TABLE 7~1

Classification of Hat Creek Coal

Chemical Data

(Dry Basis) Equiv.
4 HHY  Coal
Grp. Cat. Physical Character % Ash  Moisture MJ/kg Cont. Z
1 good shiny black, hard, <30 25 19.0+ 90+
coal thinly bedded, light
2 coal black to brownish- 30~59 22-24 9.3 5090
' black, moderately 19.0
hard, well bedded,
moderately light
3 low-  black to dark-grey, 59~-66 20-22 7.0- 40=-50
grade hard but slightly 9.3
coal softish, thickly
bedded, light but
heavizr than the
above
4 silty dull black to dark- 66-72 20 4.7~ 25=-40
coal grey, soft, massive 7.0
and earthy,
relatively heavy
5 coaly dark-grey to grey, 72-80 2.3~ 10-25
clay~ soft and weak when 4.7
stone wet, rubbly when dry,
earthier and heavier
than the above
6 carb. grey, soft and very >80 <2.3 <10
clay- weak when wet, sheared
stone when dry, very massive

and earthy texture,
heaviest ’
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TABLE 7-2

Comparison of Hat Creek and
San Miguel Fuel Characteristics

Hat Creek
San Miguel Battle River Performance
Parameter Design Fuel Test Average Coal
Heating value ~ as received
M3/kg 11.6 11.9 13.7
- dry basis :
MJI/kg ' 16.6 15.2 . 18.0
Moisture content (%) 30.0 21.8 24.0
Ash content - as received (%) 28.4 33.6 25.4
Weight of ash/heat input ‘
kg/GJ : 24.4 28.3 18.5°
Weight of water/heat input
kg/GJ 25.8 18.4 17.5
Weight of coal/heat input
- as received kg/GJ ' 86.0 84.3 73.0
HGI 92 44 45
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TABLE 7-3

Boiler Fuel Specification

i

Performance Coal Low-sulphur Coal
Dry-coal As Dry-coal As
Basis Received Basis Received
Moisture Z
Equilibrium - 23.1 - 23.6
As Received - 23.5 - 24.5
Proximate Analysis %
Ash 33.5 25.6 24,6 18.6
Volatile Matter 33.0 25.3 37.2 28.1
Fixed Carbon 33.5 25.6 38.2 28.8
Ultimate Analysis %
Carbon 46.2 35.3 54.3 41.0
Hydrogen 3.6 2.8 4.0 3.0
Nitrogen : , 0.9 0.7 0.8 0.6
Chlorine 0.03 0.02 0.02 0.02
Oxygen {(by difference) 15.4 11.8 16.0 12,1
Sulphur Formsg %
Pyritic 0.13 0.10 0.04 0.03
Sulphate 0.02 0.01 6.02 0.02
Organic : 0.36 0.28 0.24 0.18
Total 0.51 0.39 0.30 0.23
Higher Heating Value = MJ/kg 18.1 13.85 21.3 16.08
MAF Basis 27.2 - 28.3 -
Hardgrove Grindability Index
(at 107 moisture) 45.0 - 38.0 -

...continued...
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Performance Coal

Low-sulphur Coal

Mineral Analysis of Ash %

S10, 52.6
Al;04 Acid 28.3
Ti0, . 1.0
Fep03 8.5
Cal 3.4
Mg0 Base - 1.5
K,0 ’ 0.7
Nazo 2.1
P20sg 0.2
.MI‘aOL’ 002
V05 0.1
Base Acid Ratio 0.197
To50-C 1500
Water Soluble Alkalies X (dch) _
Nay0 ' ' 0.51
K»0 ‘ 0.069
€02 % (dcb) 1.8
Fusibility of Ash °C (Range) '
Reducing ~ Initial Deformation 1170-1500+
Softening 1210-1500+
Hemispherical 1250-1500+
Fluid 1290-1500+
Oxidizing - Initial Deformation ! 1310-1500+
Softening 1330-1500+
Hemispherical 1340-1500+
Fluid 1360=-1500+
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TABLE 7-4

Size Consist - Powerplant Feed

Size Normal Ceoal Stored Coal

Em Weight 7% Weight %
50-25 10 71
25-13 16 15

13-6 ' 17 16

6~3 15 15

3-1.5 13 | 10
1.5-0.6 14 12
0.6-0 15 25
Total 100 100

! Effective top size 40 mm or less.
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