HAT CREEK PROJECT
MINING FEASIBILITY REPORT

YOLUME V

MINE RECLAMATION
AND
ENVIRONMENTAL PROTECTION

prepared for
British Columbia Hydro and Power Authority

by
Cominco-Monenco Joint Venture

1978



HAT CREEK PROJECT
MINING FEASIBILITY REPORT

VOLUME T SUMMARY
VOLUME II GEOLOGY AND COAL QUALITY
VOLUME III MINE PLANNING
VOLUME IV MINE SUPPORT FACILITIES
’VOLUME ' MINE RECLAMATION AND ENVIRONMENTAL PROTECTION
VOLUME VI CAPITAL AND OPERATING COSTS

APPENDIX A STUDY ON THE APPLICATION OF BUCKET WHEEL
EXCAVATORS FOR THE EXPLOITATION OF THE
HAT CREEK DEPOSIT

APPENDIX B HAT CREEK COAL BENEFICIATION



Cominen cominco-monenco joint venture @

monenco

Clinton

I
|
!

g — ———— - —
o

¢¥“‘

Pavilion

doasedd

Pavilion \l-ake
Cache Creek
WILLIAMS LAKE Q/ l/ e
BCR ~
Ashcroft
Lillooet
CPR
Seton
Lake
River
&
f;o‘
10

BRITISH COLUMBIA HYDRO AND POWER AUTHORITY
HAT CREEK PROJECT

PROJECT LOCATION




-
VOLUME V
TABLE OF CONTENTS
Page
PREFACE ....... P (i)
ACKNOWLEDGMENTS ..... e e veene (11)
SUMMARY ..t i i ittt e e aeraaatenaan. (iv)
SECTION ONE - INTRODUCTION
SECTION TWO -  PROJECT DESCRIﬁTION
SECTION THREE - ENVIRONMENTAL SETTING
-

SECTION FQUR SITE CONDITIONS AFFECTING RECLAMATION

AND ENVIRONMENTAL PLANNING

]

SECTION FIVE

RECLAMATION AND ENVIRONMENTAL
PROTECTION PLAN

SECTION SIX ONGOING AND FUTURE STUDIES

APPENDIX 1 - PROJECT GUIDELINES
APPENDIX 2 - REFERENCES
APPENDIX 3 - GLOSSARY



PREFACE

The Cominco-Monenco Joint Venture (CMJV) was engaged in May,
1977 by British Columbia Hydro and Power Authority to carry out
preliminary engineering work for an open pit coal mine in the
Upper Hat Creek Valley of south central British Columbia, The
mine will supply thermal coal as fuel to a 2000 MW Generating
Station located in the immediate vicinity. For convenience of
reference the proposed opven pit, associated waste dumps, support
facilities, stockpiles, and related infrastructure are collect-
ively referred to as the Hat Creek Mine or mine area,

As part of the overall project guidelines incorporated in a
Contract for Services, the Joint Venture was requested to:
"Incorporate into the planning activities, land reclamation
and revegetation schemes to meet the reguirements of Section 8
of the Coal Mines Regulation Act as at the date of submission
of the Mining Feasibility Report".

A subsequent expansion of this portion of the Project Guidelines
issued as "Guidelines for Reclamation and Environmental Matters..."
called for the Joint Venture to:

"prepare a document which could be utilized as a prime
submission (with related reports either as a backup or
appendices) to regulatory authorities"

"This document will utilize existing reports, new data
based on detailed mine planning, and environmental sub-
consultant reports"

Complete guidelines and scope of work in regard to reclamation
and environmental studies by the Joint Venture are contained in
Appendix 1 of this report.

The study program was undertaken by the CMJV under the direction
of Mr. 0.I. Johnson, Project Manager. Mr. D.P. Mahony, Senior
Resource Planner, and Mr. J.E. Stathers, Assistant Reclamation
Agronomist, were responsible for the required reclamation and
environment studies and preparation of the Reclamation Report.
Technical assistance was provided by Mr. R.T. Gardiner, Reclama-
tion Agronomist. Mr. E.N. Doyle, P. Eng., Manager, Environmental
Control - Cominco Ltd., was assigned to the project team as the
environmental advisor.
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SUMMARY

The proposed Hat Creek Mine is situated within the Southern
Interior Plateau of British Columbia, in an area bounded by
the Clear Range {1830 m ASL) to the west, the Marble Range
(1830 m ASL) to the north, and the Trachyte Hills (1320 m ASL)
to the east, Surficial deposits, generally comprising uncon-
solidated glacial drift, alluvium, and colluvium, cover the
area to depths of up to 150 m. Surface instability is evidenced
by slumping, flow slides, and bentonite boils, and results
primarily from weak sediments in the bedrock. The principal
soils of the area are Chernozemic {grassland) and Luvisolic
(forest land); land use is essentially divided between agri-
culture (rangeland-cattle production), wildland, and forestry.
The major types of vegetative cover that have been mapped are
Douglas fir-Pinegrass, Douglas fir-Bunchgrass-Pinegrass, and
Big Sagebrush-Bluebunch-Wheatgrass associations.

The project area is situated within the Hat Creek drainage
basin. Medicine, Finney, Ambusten, and Houth Creeks generally
drain northwards into Hat Creek, which also flows north and
then east to the Bonaparte River, hence joining the Thompson
River system. The water bodies of significance in the general
project area are Aleece and Finney Lakes.

The regional climate is classified as continental and is typi-
fied by long cold winters and short, warm summers. Semi-arid
conditions prevail; mean annual precipitation for the period
of record is 317 mm, of which approximately one-half falls as
snow. Winds are associated with the mountain/valley topography
and are channelled predominantly upslope from the north to the
south and southeast during the day and reversed at night.

Environmental disturbance of the Upper Hat Creek Valley during
the 35-year mining project will result in the loss to present
use of approximately 1930 hectares of land area due to:
stockpiles (3%), support facilities (6%), drainage and trans-
portation systems (8%), open pit (31%), and waste dumps (52%).

Consideration was given to creating a lake in the pit void
after mining operations are shut down; however, due to insta-
bility of the surrounding ground materials and the anticipated
poor quality of pit water this option is no longer favoured.
The open pit, after a 35-year period of mining, would still
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contain a significant coal resource; filling up the pit with
water (or alternatively with waste material) could affect the
viability of future extraction, Reclamation of the open pit
will therefore comprise: regrading and revegetating the upper
benches, seeding the remainder of the open pit, maintaining
diversion ditches and canals to prevent undue water entry, and
fencing the entire pit perimeter including adjoining areas of
unstable materials to restrict public access

The 1imited data available to date indicate that the sodium
content of final waste dump surfaces and low-grade coal stock-
piles may be elevated, Depending on the nature and extent of
sodic conditions, a surface crust could form on mine waste
resulting in reduced seedling emergence, a restriction of
water infiltration, an increase in surface runoff, and a
reduction in available moisture for plant growth. Addition-
ally, upward migration of sodium to non-sodic surface soils
and utilization by plants could result in a marked decline in
growth.

In order to alleviate potential growth problems, mine planning
has allowed for progressive removal and stockpiling of approxi-
mately four million bank cubic metres of surface soil and ten
million bank cubic metres of non-sodic glacial till and gravels
during the 35-year period of mining. Sodic wastes will be
buried in order to ensure satisfactory plant growth on revege-
tated areas. The non-sodic materials will form a buffer zone
between sodic waste and replaced surface soil. Depth of non-
sodic material required wiil be determined by site specific
research conducted during mining.

Reclamation of disturbed areas will be carried out progressively
over the life of the mine; it is expected that between 35% and
40% of disturbed areas could be successfully reclaimed prior to
the completion of mining. In total, 69% of disturbed lands

will be returned to productive use following reclamation.

Throughout the 1ife of the project, watercourses surrounding

the mine area will be protected from runoff and sediment trans-
port through a comprehensive drainage control system established
in all disturbed areas. Uhile the topography and native species
diversity existing prior to mining cannot be duplicated, re-
clamation is designed to provide a stable surface of materials
which are similar to those on adjacent lands at similar



elevations, and which are revegetated with self-sustaining
plant communities, With implementation of the proposed re-
clamation plan, the abandoned mine site will comprise improved
grazing land on valley side slopes and waste dump surfaces,
selected areas of productive forest and diverse wildlands,

and wetland habitat around reservoirs and drainage systems.
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1.1 PURPOSE OF THE STUDY

The British Columbja Coal Mines Regulation Act stipulates that:
"it is the duty of every owner, agent or manager of a mine to
institute and carry out a program for the protection and re-
clamation of the surface of the Tand and watercourses affected
thereby,,."

Upon application for a surface work permit, provincial regula-
tions require that a report be submitted by the mine owner or
agent which describes the program of protection and reclamation.
The report is to include the following:

{a) A map showing the location and extent of the mine
and the location of any lakes, streams ...

(b} Particulars of the nature of the mine and extent
of the area to be occupied ...

(c) Particulars of the nature and present uses of the

- . land ...

(d) A programme for reclamation and conservation of
the land during, and on the discontinuance or
abandonment of ...

The British Columbia Guidelines for Coal Development suggest
the following key features to be reported regarding mine
reclamation:

- Present programs .

- Qverburden disposal methods ..

-~ Waste rock disposal proposals ...

- Revegetation proposals ...

- Reclamation program during mining operation ...

- Proposed land use and capability of reclaimed
fand .

- Siltation and sedimentation controls ,.."

Sections Two and Three of this document describe the proposed
- mining project and relevant details of the environmental setting
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within the project area, Site specific data regarding soils
and waste characterization, laboratory and field revegetation
studies and sedimentation tests, which had a direct bearing on
planning mine site reclamation and protection are presented in
Section Four, Based on the nature of the project, its physical
and biological setting and the data available, a program for
the protection and reclamation of the Tand and water resources
has been formulated and is described within Section Five. On-
going and future studies, identified during this assignment
are summarized in Section Six.

1.2 STUDY AREA

The site of the proposed project development is located
approximately 240 km northeast of Vancouver within the Upper
Hat Creek Valley of British Columbia. Road access is provided
via secondary Highway #12 from the towns of either Lillooet
(55 km west) or Cache Creek (30 km east).

1-2



1.3  NATURE OF THE PROJECT

The proposed Hat Creek project will consist of an open pit coal
mine and mine mouth thermal plant, Reclamation plans have been
formulated on the premise that the mine is abandoned following
a 35-year period of mine production. Sub-bituminous coal
reserves within the deposit proposed to be mined and further
south in the upper valley are available in sufficient quantity
to continue mining well beyond the 35-year period.

Excavation of the coal measures will be by a combination of
truck, shovel, and conveyor system, with waste being placed in
adjacent dumps at Houth Meadows and Medicine Creek and coal
delivered to a crushing-blending facility immediately north of
the open pit. The open pit will extend down to a point approxi-
mately 267 metres (using a datum of 900 m) below the valley
floor. From the blending facility, an average grade of coal
(over the life of the mine) with an estimated calorific value
of 17.0 MJ/kg (7327 Btu/1b) on a dry basis will be fed by
overland conveyor to the thermal plant. A stockpile equivalent
to a 30-day supply of coal will be maintained at either the
mine site or the generating station. Maintenance and construc-
tion areas, waste water treatment lagoons, administration and
ancillary items will be situated adjacent the open pit and
crushing-blending facility. Further details of the mine
project are provided in Section Two.
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2.1 GENERAL

The project description is intended to give an overview of the
proposed mine with emphasis on those aspects of the project
which are significant from an environmental point-of-view. A
complete description of engineering details is not provided.

The project description discusses mine construction and develop-
ment during the pre-production period and mine operations during
Years 1 to 35.

MINING ALTERNATIVES

Mining of the Hat Creek No. 1 coal deposit was investigated for
a number of different alternatives. Amongst those methods
considered were: shovel/truck/conveyor, shovel/conveyor, bucket
wheel excavator, and combined shovel/truck and bucket wheel
excavator. The preferred mining scheme, based on studies to
date, is a combined shovel/truck/conveyor system. By this
method, access to the open pit would be from a north exit ramp
allowing initial waste disposal in the Houth Meadows Valley
with provision for routing a portion of the waste material
south to Medicine Creek Valley after 15 years, or possibly
later.

Mine design considerations studied in developing this mining
system included pit access, incremental pit development, slope
stability, mining losses and dilution, cut-off grade, blending
and stockpiling, an expanded pit to 450 m ASL, and economics.

CONSTRAINTS TO MINING

Primary constraints to mining include: geometry of the valley,
variable and complex geology, structure of the coal deposit,

the requirement for relatively flat pit slope angles (16°-25°)

in weak rocks, the presence of slides and faults in or near the
pit, major diversions of local streams, and the requirement for
consistent quality of coal feed to the thermal power plant.

Waste disposal alternatives were limited due to the poor material
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strengths, thereby necessitating retaining embankments. Final
estimates of waste volumes will not be confirmed until swell
factors become known during the actual operations.

Because coal reserves in the No. 1 Deposit will not have been
exhausted after 35 years of mining (the basis of the feasibility
study), and the potential exists for development of adjacent
coal reserves, it was not feasible to develop alternatives which
would 1imit the extraction of further coal reserves.

Regulatory acts and guidelines describing measures for pollution
control and reclamation were also applied to mine design.
Specifications for slope of waste dump surfaces (3°) and
foundation criteria (wastes must be limited to areas of stable
foundation)} were suggested by geotechnical consultants.

2-2
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2,2 MINE CONSTRUCTION AND DEVELOPMENT

CONSTRUCTION SCHEDULE

The following simplified construction schedule (Table 2-1) is
provided to illustrate the sequence of activities affecting
environmental protection and reclamation during mine site
development.

DRAINAGE CONTROL

The mine Tayout at Year 1 illustrates interceptor ditches,
water treatment lagoons, diversions, and reservoirs constructed
during the pre-production period (Figure 2-1).

The proposed open pit will require diversion of portions of Hat
and Finney creeks, around the pit and support facilities back
into Hat Creek.

A headworks dam is proposed to divert Hat_Creek into a 6.4 kilo-
metre long capal (emergency capacity 27 m3/s, norma] design
capacity 18 m°/s; average annual discharge 0.7 m 3/s) on the east
side of the pit at the 975 m contour, A 2 km Tong buried con-
duit at the downstream end would return the water downhill to
Hat Creek. The canal would be designed with an impermeable
1iner (in areas of pervious material) to prevent major seepage
loss. After about 12 years of mining the Hat Creek diversion
canal would require either relocation to a higher elevation or
construction of a tunnel to bypass the proposed 35-year pit
timits.

A second diversign canal (capacity 5.5 m3/s; average annual
discharge 0.03 m3/s), about 3.2 km Tong would intercept and
convey Finney Creek along the 985 m contour to the headworks
reservoir. The headworks reservoir, behind an earth fill dam,
would occupy about 6.1 ha at maximum level; a concrete emergency
spillway, with an earth fill fuseplug, would become operational
with any flow exceeding the 1000 year design discharge of

27 m /s and provide 0.6 m of freeboard for the 100 year flow

of 18 m3/s. Discharge would be to the former streambed of Hat
Creek {BCHPA, 1973).
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TABLE 2-1

Simplified Construction Scheduie
Hat Creek Project Mining Feasibility Report 1978

Year Quarter Location Activity
-5 second open pit development drilling
third open pit slope depressurization
service area power supply
-4 second service area surface drainage systems
viater, sewer, and fire
protection
temporary construction
facilities
ppen pit lake and surficials
dewatering
third service area construction of maintenance
and warehouse facilities
-3 first open pit completion of Hat and Finney
Creek diversion
second open pit soil and overburden removal
by scraper

water treatment lagoons
waste embankment construction
service area administration buildings '
mine dry and miscellaneous
facilities

-2 second open pit overburden and waste removal
by shovel
-1 second open pit coal production
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The pit rim reservoir (refer Figure 2-1) will capture seepage
from the headworks reserveir and gather local surface drainage,
Maximum storage capacity 1s estimated at 25,9 hectare metres?
A pumphouse and pipeline will return water to the Hat Creek
diversion as required, Below the pit rim reservoir a cut-off
trench will further reduce seepage to the pit,

Constructicn and utilization of the headworks and pit rim
reservoirs could provide sufficient water for mining purposes
and enhance downstream flows in Hat Creek during the period of
low summer flow,

223  SUPPORT FACILITIES

The site for support facilities will be prepared northeast of
the open pit by cutting, filling, and levelling a gently
sloping hillside composed of glacial till and glaciofluvial
sands and gravels,

Mine service facilities will include a maintenance building,
office and administration buildings, mine changehouse, fuel
storage and dispatch area, ancillary maintenance and service
facilities, gatehouse and security control, sewage collection
and treatment system, fire fighting equipment, and vehicle
access and parking.

Roads will be constructed at 5° or less and will be bordered

by suitably constructed ditches. Service roads will be sur-
faced with gravel and average 15 min width. Haul roads, located
mainly in the open pit, will be about 30 m wide and surfaced

with burnt zone material (baked detrital rocks and burnt coal
residue) or crushed rock. The road and ditch corridor around

the pit perimeter will average about 20 m wide and be constructed
through glacial till and glaciofluvial gravels.

Potable water is required at the mine dry building, administra-
tion building, laboratories, and maintenance buildings for
steam cleaning, fire protection, compressor cooling, and hot
water, Nonpotable water, required for dust control, will be
recycled from waste water holding ponds and pit dewatering
flows,
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Fire hydrants will be installed in the mine service area, coal
stockpile and blending area, and the main pit conveyor incline,
with two pumper units available to fight spot fires remote from
the permanent water supply system,

Provision has been made for supply of sufficient water to irri-
gate approximately 2 ha of lawns and landscaped area near support
facilities. To the south of the open pit, a reclamation nursery,
approximately 10 ha in size, will be supplied with water from the
Pit Rim Reservoir,

About 140 m3/day of sanitary waste water will be discharged from
the support facilities. Provision has been made for biological
treatment in a package type treatment plant followed by recycling
the water for dust control within the area of the open pit.

Waste water fgom the equipment washdown area will be discharged
at about 90 m°/day; this will be ¢hannelled to main treatment
lagoons. Putrescible refuse will be incinerated, and non-
putrescible refuse disposed in suitably approved sanitary land-
fills.

Scfap equipment will be stored in screened service yards to
reduce visual impact,

CONVEYOR CORRIDORS

Conveyor beds will be constructed in glacial tills and anchored
in concrete where required, About 3 m of the Tevel (10 m) bed
surface will support the conveyor, the remaining area will
consist of a service road. Conveyor corridors will vary in
width up to 40 m depending on cut and fill requirements.

PRE-STRIPPING AND WASTE DISPOSAL

Surface soil and overburden removal by scraper will begin in the
open pit and Houth Meadows starting in Year -3 after site
clearing is completed. Waste removal by shovel will begin in
Year -2.
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During pre-production approximately .01 million bank cubic
metres (BCM) of low-grade coal, .30 million BCM of bedrock

waste, .70 million BCM of coal, and 20. million BCM of waste
above bedrock will be excavated (refer Table 2-2).

About 10 million BCM of construction material will be required
for building the Houth Meadows conveyor causeway and pad, Hat
Creek Valley fill, road construction, and Houth Meadows embank-
ments, Houth Meadows will contain about 15 million BCM of
disposed waste by the end of pre-production (Table 2-3).

Initially, waste will be removed and hauled by 136 tonne truck
to dump areas, As conveyors come on line, waste will be handled
by a combination of conveyor and waste spreader.

2-8
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2,3 MINE OPERATIONS

OPEN PIT MINING

231.1 Production Scheduie

Volumes and types of materials mined during Years 1 to 15 and

Years 16 to 35 are presented in Table 2-2.

About 686 million BCM of material will be mined from the open

pit over 35 years.

The current production schedule indicates that lTow-grade coal,

bedrock waste, coal, and waste above bedrock would comprise

about 1%, 24%, 34%, and 41%, respectively, of total production

by volume,

TABLE 2-2

Simplified Production Schedule (BCM x 10°)

Material Pre-Prod. Yrs, 1-15 Yrs., 15-35 Total
Coal 0.70 102.24 131.38 234,32
Low-grade coal 0.01 4,70 4.26 8.96
Bedrock waste 0.30 40,42 120.43 161.15
Waste above bedrock
Pervious materials 11.70 102.84 68.46 183.00
Impervious materials 7.43 29.14 29.47 66.04
Hard pan/consolidated till 0.00 7.40 14 .60 22.00
Burnt zone 0.58 6.44 2.35 9.37
Surface so0il 0.34 0.60 0.50 1.44
Sub-total 20.05 146. 42 115.38 281.85
Grand Total 21.06 293.78 371.45 686.28
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*

231.2 Extraction Methods

Coal and waste will occasionally be blasted or dozer ripped

(if required) before excavation with 16,8 m3 shovels and loaded
on 109 tonne (coal} or 136 tonne (waste) trucks for transport
to one of three conveyor loading stations within the pit,
Material wiil be transported out of the pit by three conveyors
to a surface interchange.

231.3 Pit Design

Current mining plans permit experience to be gained with slope
stability and allow pit design alterations before the pit
becomes too deep. Pit slopes will be excavated at a relatively
flat angle as the surface of the pit expands rapidly outward
during the initial years of mining. At Year 25 the final sur-
face perimeter is reached and at Year 32 the final depth of

267 m (using a datum of 900 m) is attained.

Flatter pit slopes during the early years of mining reduce
shear stress and reduce the possibility of progressive slope
failure. Slopes are designed to permit coal removal and will
in a1l probability not remain stable following curtailment of
dewatering and depressurization measures.

Recommended pit slope angles for the feasibility study were;
16° for slide debris, 20° for Coldwater rocks (excluding coal),
and 25° for surficials and coal, respectively.

MATERIALS HANDLING AND WASTE DISPOSAL

232.1 Materials Handling Schedule

Volumes of material delivered to varying locations during pre-
production, Years 1 to 15, and Years 16 to 35 are summarized

in Table 2-3. Mine layouts for Years 15 and 35 are illustrated
on Figures 2-2 and 2-3, respectively. A schematic cross-section
and plan view of the Houth Meadows and Medicine Creek waste
dumps are presented on Figures 2-4 and 2-5, respectively.



TABLE 2-3

Simplified Materials Handling Schedule

(BeM x 108)

Destination Pre-Production Years 1-15 Years 16-35 Total
Thermal Plant (coal) 0.70 -102.24 131.38 234.32
Low-grade coal stockpile 0.01 4.70 4,26 8.96
Houth Meadows waste dump 15.22 182.08 94,26 291.56
Medicine Creek waste dump 0.00 0.00 139.55 139.55
Other * 5.13 4.76 2.00 11.89

Total 21.06 293.78 371.45 686.28

* includes construction material used for conveyor causeway and
pads, road construction, and fill.
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About 65% of the waste will be delivered to Houth Meadows dump,
31% to Medicine Creek, and 2% to the Tow-grade coal stockpile.
The remaining 2%, consisting of construction materials, will be
used for conveyor causeways, conveyor pads, road construction,
and fill,

232,2 Coal Handling and Storage

Coal will be moved by truck to one of three unloading stations
in the pit, where primary crushing will take place, then trans-
ported out of the pit by main incline conveyor to a secondary
crushing plant; and from there to a coal blending stockpile.

Coal can be stored and blended in four windrow type blending
piles during a two week period before transfer to the power
plant. Each pile will average about 17 m high, 48 m wide,

and 522 m long. Two piles will stand idle while one portion
of a pile is being built by slewing stacker and another pile is
being reclaimed by a bucket wheel reclaimer. From stockpiles,
coal will be blended to meet power plant feed requirements.

Coal will be transported to the power plant by a 4.2 km long
overland coal conveyor. The coal conveyor will be hooded
throughout its length and enclosed in galleys in areas where
snow drifting is a problem. Hydrants will be installed along
the route for fire protection. Where the conveyor passes under
roads and through cuts it will be constructed in a culvert. A
sprinkler system or spray foam will provide additional fire
protection within galley areas.

232.3 Waste Handling and Storage

Waste will be transported by truck to one of three conveyor
loading stations located in the pit and conveyed up the 1.5 km
main incline to a surface interchange, From here, construction
material will be routed to embankments and waste will be directed
behind embankments on two separate conveyors and spreader systems.
The retaining embankments, composed of glaciofluvial sands and
gravels, will be constructed to the projected requirements of

an open pit expanded to 450 m ASL, thereby making full use of
available materials. Stability will also be increased beyond
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that specified for the 35 year volume of waste, Embankments
will be constructed in a series of Tifts allowing for permanent
rectamation of completed sections, In Year 15, following comp-
letion of the principal Houth Meadows embankment, one conveyor
will be moved to Medicine Creek for embankment construction,
following which waste can be selectively delivered to either
dump location as mine operations require, Belt conveyors to
Houth Meadows and Medicine Creek do not have protective covers,

Eventually an overland waste conveyor will run 4.7 km along the
south side of Houth Meadows to about the 1100 m level and approxi-
mately 4.7 km along the north side of Medicine Creek Valley to
the 1180 m level. From these conveyors, waste would move on to
a shiftable conveyor within the dump area which is moved forward
as required by a side boom tractor. Placed on the dump surfaces
by a travelling tripper and spreader, waste will eventually be
formed into a series of benches 5 m to 20 m in elevation. Over-
all slope of the final surface will be about 3°. The final dump
surface would consist of hummocky terrain left after waste is
discharged off the spreader. Microrelief on dump surfaces could
range up to 5 m from depression to ridgetop. Semi-circular
ridges created by the spreader will be oriented downslope.
Surface runoff would be intercepted by depressions and ridges.

A schematic cross-section and plan view of Houth Meadows and
Medicine Creek waste dumps at Year 15 and Year 35 is shown in
Figures 2-4 and 2-5.

DRAINAGE CONTROL

The basic surface drainage plan for initial mine production
(Year 1), the approximate mid-point of mining (Year 15), and
end of mining (Year 35) is shown on Figures 2-1 to 2-3,
respectively, Water volumes and flow rates for the mine are
shown in Figure 2-6,

233.1 Surface Water Drainage

Runoff from undisturbed areas to the open pit will be inter-
cepted by the Hat Creek Diversion and the West Perimeter
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Estimated Estimated Sources
Watershed Area Flow Flow Flow 1 ume, of
Code Description Kmé Frequency Type mifs nd x 103 Data Assumptions and Remarks
[As on flow charc)
DIVERSION DRAINS
1] upper Scuthwest Perimeter 2.5 HoR F 1.4 1 G Runoff
D2 Finrey Creek Canal 18.5 1000F P 4.3 z
b3 Hat Creek Upstream of Headworks
Reservoir 245 T00F [ 27 H
04 Ambusten Creek and Southeast
Watershed 35 1000F P 7 2
b5 South Medigine Creek & 1008 P 2 1 Smm Runoff
D6 Fit Rim fump 4.4 - P 0.12 5 Flow 1imited to pump
capaci ty
o7 Korth Medicine Creek 43 1000F P 8.5 2 Excludes ash pond and
reservoir €
(W] Lana) leakage - oy M 01-.025 5
] Hat Creek Downstream of Medicine
Creek 360 1000F P 34 z includes Dump Area
e East Hatershed 2 100k P 1.2 1 & Runaff
] Mest Perimeter 25 T000F P 5 z
ot Hat Creek Downstream of Mine 383 10600F P £ Z
DIz Horth Perimeter ¥ 100R P 1 1 Sma Runaff
PY Lower Seuthwest Diversion 0.9 100R P 0.7 1 8men Runo ff
Pz Southeast Divarsion 0.9 1008 [ 0.5 1 B Runaff
p3 Watershed below Canal 3 100R P 1.5 1 8mm Runoff
24 Aour
HINE SURFACE WATER COLLECTION SYSTEM Yolumes
31 Disturbed Area Drainage to 3-6 Disturbed 10R - - 45-80 1 15mm funcff
horth Valley Sedimentation Lagoons +3 Reclaimed 10R - - 0-15 1 S Runoff
52 Mine Service Area Drainage Q.35 10R - - 5.3 1 15mm Runoff
33 Washdown Water 0¥ M - 0.09 1
3 Pit Surface Water 1-6 1R - - 17 1 Limited to Pump Capacity
55~ Surficials Groundwater and oY M .011-.024 6 Pumps and Seepage
Seepage DY M D06-.018 4 Pumps Only
6 Disturbed Area Runoff 2.5 Disturbed 10R - - 0-37.5 1 15mm Runoff
Madicine Creek +1.3 Reclaimed T9R - - 0-6.5 1 5rm Ruaoff
ZERD DISCHARGE SYSTEM Anrugt
tolunes
al Sanitary Effluent - oY ¥ 0.0016 51 ? 700 Shifts x 0.2 lllJ
2 Coal Biending Runoff and
Seepage 0.2 A M - z-20 i 10-100mm Annual Yield
3 Low-Grade {oal Runoff and
Seepage 0.32 A L} - 3-30 7 10-100em Annual Yield
4 Embankment Seepage Houth Meadows - A L] - 100-550 &
L2 Seepape lost to Evaporation - A M c-20 ? 1-10 ha x 200mn Loss
5 Holding Pond (nflow - A L - 154-831 7
Ie Coal and Bedreck Groundwater - A o - 5-25 4,7 5% of Gropndwater Flows
r Dust Contrel Use - A L} - 250-370 7
L3 Hplding Pond Loss 2 A L] - 4 ? 200mm Loss
8 Medicine Creek Embankment Seepace - A L - 6E-365 6,7
L& Seepage Lost to Evaporation - A M - 2-20 ? 1-10 ha x 200w Loss
WATER SUPPLY Anrual
Yolumes
H1 Supply to Mine Service Area - iy M 0.0041 101 ? 700 Shifts+ Garden + Washdown
H2 Supply to Revegetation Nursery - ) M - 7% 7 10 Ka.

KE¥S TQ SYMBOLS [N TABLE:

190R -
1000F -

These data are based on Preliminary Mine Planning Bata, Hydrological and Bydrogeological Studies.

flows are sstimates based on several arhi~rary assumptions as ta runeff infiltration factors and hydraulic conductivities therefore they should be up-

100 year recurrence interval ra-nstorin flood after snowmelt
1000 year recurrence Interval freshet floed during snowmelt

10 year recurrence
DAILY

AHNUAL

PEAK Eischarge
MEAN Discharoe

interval

ra-nstorm flaod after snowmelt

SOURCES QF DATA:

e oot —

graded when further site specific data pecomes available.

CMIV Rainstarm Nemoagraph
CMIY Freshet Nomoaraph
Hat Cresk Flow Records

Gelder Assoctates Geatechnical Report 1977
B.C. Kydre H.E.B.D. “Biversion of Hat and Finney Creeks" 1978
Beck Consultants “'Hydrology Drainage and Water Use-Impact Report" 1978

CMJIV Estimate

wWhere 2 range of flew is shown this identifies the variability of flow ir teems of the assumptions made.

Surface water flows from small watersheds and seepaqe

Areas used carrespond ta the estimated ma<imum effective area of natural watersheds, disturbed areas or mine facilities to be drained.
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Diversion, The West Perimeter Diversion will originate at
Houth Meadows dump and carry water south and east to Hat Creek.
The upper part of this diversion is formed by an open drain
near the dump perimeter which enters a buried pipe at the head
of the conveyor causeway. This pipe parallels the conveyor to
the head of the mine before turning north to discharge to the
Hat Creek Diversion. The proposed diversion is about 7.5 km
long and is de51gned to accommodate discharges of 2 m 3/s near
its origin and 5 m3/s near the lower reaches of Hat Creek.

Houth Meadows is also protected by the North Perimeter Diver-
sion. This consists of two sidehill drains designed to divert
surface water to the Marble Canyon watershed.

Prior to Year 16, Medicine Creek will drain to Hat Creek Diver-
sion. Diversion canals will be constructed in Year 15 on the
north and south slopes of Medicine Creek Valley above the 35-
year dump perimeter to convey both Medicine Creek and surface
runoff around the dump. Water diverted by sidehill canal will
be discharged to the Hat Creek Diversion.

Surface water from the mine services area to the southeast will
be intercepted before entering the coal blending pile area by

an open drain and piped to the main water treatment lagoon.
Design capacity of the blending pile drainage system is based

on the estimated peak flow occurring in the 10 year 24 hour
rainstorm. Runoff will also be diverted away from the low-grade
coal stockpile. Soil stockpiles will similarly be protected by
perimeter ditches draining away from the pile. The mine services
area will be drained by sloped contour and perimeter drains
(design capacity 10 year 24 hour rainstorm) to the main sedi-
mentation lagoons. Surface water will be diverted away from

the overland coal conveyor during construction, and slopes
revegetated after construction to prevent erosion.

The Houth Meadows conveyor lies within the drainage area
serviced by the main water treatment lagoons. The Medicine
Creek conveyor, located above Hat Creek Diversion, will use
temporary perimeter ditches and straw bale dykes as required
to reduce erosion during construction.

Haul roads located north of the pit will drain to the main
sedimentation lagoons while those to the south will drain to
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a temporary surface water collection lagoon located between
the pit rim dam and the open pit.

Temporary roads at the Medicine Creek waste dump will drain to
Medicine Creek lagoon via buried pipe beneath the Hat Creek
diversion,

233.2 Subsurface Water Drainage

It is estimated %hat discharge from pit dewatering will be
0.006 to 0.016 m”/s depending on the stage of pit development
(Golder, 1977}, About 90% is estimated to be derived from
surficial aquifers and the remainder from bedrock and coal.
Discharge will be conveyed to sumps and then pumped up the
main conveyor incline to treatment Tagoons.

Seepage flow from the Houth Meadows duymp to the water table
was estimated to range from 200 600 m3/day under the north
saddle embankments and 10-50 m3/day under the main embankment
(Beak, 1978). Predictions were based on a preliminary waste
dump plan {PDNCB, 1977). Wells will be drilied to monitor
groundwater quality north of the minor saddle embankments.
Dewatering pumps could be used to return flow to the surface
for temporary storage and evaporation, if required. Seepage
which appears at the toe drain of the east embankment will be
collected in a perforated drain and discharged to a collection
pond for treatment as required.

Seepage from the Medicine Creek dump embankment will be col-
Jected and treated as required, A zero discharge system simi-
lar to that described for leachate disposal facilities at the
north side of the mine area would be provided, should on-site
experience prove leachate quantities to be a problem. Seepage
to the groundwater table should drain through deeper surficials
to the open pit.

Coal stockpiles will be located on a foundation of compacted
glacial till overlain by a layer of sand and gravel, Perfor-
ated pipes within this pervious Tayer will convey leachate
flow to a collection pipe and thence to a zero discharge
system.
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234

The Tow-grade coal stockpile will be located on a foundation
constructed of compacted impervious material. Drainage will
be collected at the north end and pumped into a storage lagoon
for use as a dust control agent or disposal by spray evapora-
tion. Minor seepage through the compacted layer should be
drawn down with pit dewatering and returned to the main water
treatment lagoons (Beak, 1978).

WASTEWATER TREATMENT

Potential treatment of wastewater from the Hat Creek Mine has
been examined. Specific treatment or facilities would be
dependent on actual conditions. The following methods of
treatment were considered:

{a) Sedimentation Tagoons for the primary treatment
of surface runoff containing elevated suspended
soiids Tevels. A detailed description of the
nature and treatment of potential suspended
solids is provided in Section 442.

{b) Storage and evaporation of leachates from coal
stockpiles and waste dumps. Since the potential
quantity and quality of leachate, as described in
Section 441, may be unacceptable for discharge,
these flows will be handled within a system
designed for zero discharge.

(c) Treatment plant for sanitary effluent from the
mine service complex.

234.1  Sedimentation Lagoons

Two main sedimentation lagoons located north of the open pit
(refer Figure 2-3} would receive the bulk of surface runoff
from disturbed areas. Inflow to the first pond will be routed
through a common mixing chamber and chemical feeding point
Tocated to the east and at a higher elevation. Coagulant, if
required, would be added depending on the rate of inflow and
the degree of Tive storage available. The valley bottom site
provides for a substantial amount of dead storage capacity.
This could be used for both sediment storage during and after
mining and to hold water for recycling within the mine.
Grease or oil inflow from the service complex or pit water
would be removed by conventional grease traps and an oil
absorbent boom and be pumped to waste oil holding tanks.
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Two sedimentation lagoons near the confluence of Medicine and
Hat Creeks, and temporary lagoons as required would perform
simitar functions. On the basis of available data, discharge
to Hat Creek from sedimentation lagoons is expected to meet
present PCB level A objectives. It is likely that discharge
will normally take place only during spring freshet conditions
or peak summer rainfall events.

234.2 lero Discharge System

Coal pile runoff and Teachate from the coal pile, low-grade
stockpile, and Houth Meadows waste dump will be channelled to
a holding lagoon located north of the low-grade coal stockpile
(refer Figure 2-3). Following primary sedimentation and some
evaporation in the pond, the bulk of the effluent could be
utilized within mine operations as a dust control agent and
would be lost to evaporation. If required, additional spray
evaporation facilities on the Houth Meadows dump surface will
dispose of excess accumulations of effluent. This system
should form a closed loop and require zero discharge under
normal operation conditions. A similar system to dispose of
leachate from the Medicine Creek embankment will be provided
if required (refer Figure 2-6).

234.3 Sanitary Treatment

A1l sanitary effluent from the mine service complex would be
channelled to a treatment system conforming to regulatory
requirements and thence to the zero discharge system.

2-23



2.4  POST PRODUCTION

Mine planning has to date been based on a program of operation
for an arbitrary time span of 35 years production, taking care
not to affect the future coal resources within the Upper Hat
Creek Valley. A decision on operations past Year 35 would
logically be made during the later years of mining. Several
alternatives would be evaluated in 1light of conditions pre-
vailing at that time. Coal reserves would not be exhausted

by Year 35 and mining could continue to either a greater depth
within No. 1 Deposit, open up No. 2 Deposit further south, or
some variation of both. Alternatively, the mine could, for
any one of a number of reasons, temporarily shut down or be
abandoned. The former would entail maintaining where necessary
all equipment, access, diversions, etc,

This document has, for the purposes of reclamation planning,
assumed that the mine will be abandoned following a production
period of 35 years. However, the reclamation plan is flexible
and could be modified to accommodate expansion of waste dumps
with a continuation of mining after 35 years. Details of the
reclamation procedures, protection measures, and current
abandonment plans are described in Section Five.
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3.1  PHYSICAL FEATURES

GEQLOGY

311.1 Regional Geology

The project area is located within the Southern Interjor Plateau
physiographic region of British Columbia and is underlain by a
Tertiary sedimentary basin, the eastern half of which is faulted
against volcanic rocks of early Tertiary and late Cretaceous age.
To the north 1ie older rocks of Permian age. Regional structural
trend is to the northwest, The coal measures of interest 1lie
within the Coldwater Formation of the Kamloops Group. Seams can
be seen in an outcrop at the northern end of Upper Hat Creek
Valley where they have been exposed by erosion. In most areas,
bedrock is overlain by unconsolidated Pleistocene glacial drift
and recent alluvium and colluvium (Golder, 1978}.

Regional geology and geological succession are illustrated in
Figure 3-1.

311.2 Bedrock Geology

Bedrock within the proposed mine area is classified as the
Coldwater, Marble Canyon, and Kamloops Volcanics Formations.

The coal-bearing Coldwater Formation is overlain by Kamloops
Volcanics and underlain by the Marble Canyon Formation. Marble
Canyon limestones outcrop north of the proposed mine area and
to the east in the Cornwall Hills. The principal rock types of
the Coldwater Formation are siltstone, claystone, sandstone,
conglomerate, and coal (Golder, 1978}. The bedrock stratigraphy
of the coal deposit is outlined in Table 3-1.

311.3 Surficial Geology

Surficial deposits of varying origin provide a thick and almost
total cover over the Coldwater Formation. Depth to bedrock
ranges from less than a metre to 150 metres. The principal

3-1
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volcanic ash.
Quaternary
Pleistocene —glacial till, glacio-lacustrine silt, glacio-
luvial sand and gravel, landslide debris,
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B Olivine basalt and-lahar (Miocene)
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[:] Siltstone and claystone ( Medicine Creek Fm.) *

@ Coal ( Hat Creek Coal Fm.) ¥
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TABLE 3-1

Detailed Stratigraphy of the Coldwater Formation
Hat Creek Project Mining Feasibitity Study 1978

Unit

A

Upper claystone/
siltstone

A-Zone Coal

E-Zone Cogl

C-Zone Coal

D-Zane Loal

Luwer siltstone/
sands tone/
conglomerate

Corglomerate with
sandstone and
siltstone

E.C. Department
_ of Mines

Medicine Creek
formation

Hat Creek Coal
formation

Coldwater Beds

Description

Range of
Symhol Strati- Hydraulic
Used on graphic Conductivity
Location Drawings  Thickness {misec)
Stratigraphically atove Tcu 488 m + 19710
the coal (tnit Teul.
Subcraps in én arc from
NE to Sk in fipal pit
slopes.
Centre of pit and Teo 170 -
limited area in Sk 205 m
wall.
" 50 - .
e 10708
" " 50 -
120 m
" . 60 -
120 m
T 190 1o 1 1ogg 10
" . . =10
West and KW pit Tio 140 = s

slopes.  Strati-
qraghically
kelow the coal.
Alsp occurs as
interbeds in the
conglomerate.

3-3

Grey to blue-grey uniform bentont-
tic clayey siltstone-claystone
with thin tuff bands which may be
highly altered to bentonite.
Becomes sandy and conglomeratic
towards east margin {0D-76-815,
816). Very uniform gamma and
density 1ogs. Colour soon changes
to brown an exposure. Part of
sequence significantly stronger
possibly with higher quartz content.

Thick zone showing much variation
in coal quality. Oivided into four
sub-zones separated by three part-
ings. *A waste zome (Ap) separates
Zones A and B. Migh proportion of
interbeds which are composed of
quartz, montmorillonite, kaolinite,
and occasionally siderite. Geo-
techaical 1ogs highly variable.

Black duli-bright coal with some
interbeds. Divided inte two sub-
zones varying in quality. Densicty
and gamma 1ogs reasonably umiform
becoming more irreqular towards
west. Correlation good over much
of basin but becomes difficult
towards the west.

Poor quality coal with many inter-
beds composed of quartz, kaolinite,
and siderite, Beptonite partings in
western vortions. divided into two
sub-zones separated hy lenticular
waste, A waste zome (C]) separates
Zones B and €. Seophysical Jogs
show much variation although less
than 7one A. May be gradational
into Zone 0. Correlation good-poor.

Black, clean hright coal with very
few interbeds. Divided inta four
sub-zanes of varying quality.
Occasional tuff and ironstone
bands, some resin beads. Thickens
to east, thins to west, but still
recognizable. Very unifarm gamma
and density Ings. Good correlation
hetween holes gn gverall lithology
and on tuff bands.

Variable sequence of interbedded
green and grey Clayey siltstone
and sandstone with pccasignal thin
conglomerates, claystane, and coals.
Generally nighly bentonitic, often
tuffacesus. Thick zones of shea--
ing and hrecciation, occasionaliy
ralcite-cerented. Density and
gamma logs highly variable but
overall trends give good
correlation,

Massive qrey-qreen canglomerate w

with sandstone and siltstere inter-
Leds, often tuffaceous. Conglome-
rate cement variable from calcite

through sand and silt to hentonitic
clay. Some dizagyregated friable

zones possibly cawsed by drilling.
Clasts suh-rounded to angular.



TABLE 3-1 - continued
dange of
Symbol Strati- hydraulic
Used on graphic Conductivity
Unit Location Orawings  Thickness nfsec) Description
E.C. Department
GA of Mines
Interbedded siit- Coldwater Beds Tes 150 m IO-m Grey-green weak clayey siltstone
stone and with occasional sandstones and
sandstone with thin coals overlying tuffaceaus
thin ceals silty sandstone ang coals.
Conglomerate " South abutment of Tcu2 T6m+ 107“] Grey micaceous, tuffaceous con-

Holth Meadows
Embankment. Forms
ridge between Houth
Meadows and pit.

qiomerate. Clast sub-rounded to
angular in siltstone matrix.

* Zonation from BCH Briefing Report to the Review Board {January, 1978}.

Seurce:

Golder Associates, 197¢.
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surficial deposits within the proposed mine area are glacial
till and gtaciofluvial outwash, while colluvium, alluvium,
slide debris, lacustrine deposits, bentonite, and burn zone
material comprise smaller areas, The geological processes
that produced these materials include subsidence, glaciation,
burning, and weathering,

Portions of the coal measures were burned during late Tertiary
times producing subsidence zones into which lacustrine sediments
were deposited. During the Pleistocene Age, Hat Creek Valley
was glaciated by sheet ice moving in a northwest/southeast
direction. A till blanket was deposited following ice reces-
sion. Later, ice tongues from Marble Canyon re-advanced over
the area, leaving moraines and a meltwater channel down the
existing valiey, Freezing and thawing of the surface materials
resulted in flow and creep. Thick mantles of colluvium accumu-
lated on steeper slopes and flow slides developed within weak
expansive materials. Subsidence, erosion, and changing ground-
water conditions caused re-activation of old slides in some
areas. Down-cutting of the Thompson River increased erosion by
Hat Creek and resulted in reworking of existing surficial
materials (Golder, 1977).

The nature, origin, extent, and distribution of surficial
deposits is described in Table 3-2, and illustrated on
Figure 3-2,

317.4  Structural Geology

The Coldwater sediments within the Hat Creek Basin are folded
into three parallel folds with the eastward and westward dip-
ping limbs of the structures conforming with the valley margins.
The basin is truncated by faulting on the east, and possibly on
the west as well. The main structure is a north/south trending
syncline which plunges at 10 to 35° to the south and closes to
the north, A similar trend and plunge is exhibited by a second
syncline to the east of the proposed mine. An anticline which
separates these two synclines has been dislocated by a fault,
A1l three structures are truncated by a fault zone in the
southeast (Golder, 1977),
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TABLE 3-2

Pescription of Surficial Materials in the Mine Area

Hat Creek Project Mining Feasibility Report 978

Range of Moisture Content

Type of Hydrauiic on Dry Weight

Material Symbol Dascription Thickness Location Conduct vity Basis

{m/sesr)

Til ot Glacial deposit 41 m West side of 1010 e® 155 - 50%
composed of cobbles valley. Average 26%
and gravels, with
occasional boulders
up to 1 mdia. maxi-
mum but generally
much less, in a
matrix of sand, silt,
and clay. Locally
variable, depending
on matrix.

Lacustrine Qi Bedded silts with 100 m- Locally through- 10-7 - TD'G 18z - 32%

Deposits coarse sand and put glacial Average 25%
occasional gravel. deposits.
May be also clayey, Houth Meadows
laminated, and/or embankment
highly disturbed. foundations.
Overcensolidated.
Glacial origin.

Glacic- af Interbedded rounded- NS Fast side of 1077 - 107°  Depends on drainage.
fluvial subrounded sands and valley.
Qeposits sandy gravels with

cobbles and boulders
up toe 60 cr dia.
(approx.}. Much
variation in grading.
Some interbedded
tills. Glacial
meltwater deposit.

Colluyium Qc Coarse, angular, NS Widespread at 10 . 10 4 11% - B0%
roughly becded. base of steeper Highly dependent on
perhaps with vari- slopes. compasition.

. able propartion of Average 30D%.
fines Formed on
slopes by erosion.
May comprise vol-
canics, limestone,
or granadicrite.

Slide (g Campased af vari- Mz m West side of not known 11% - BD¥
Debris able assortment of valley, especi- Highly dependent on
{stable] til1 and Ccldwater ally tW. composition.

sediments cften in Average 30%.
a tentonite matrix.
Past-glacial.

§1ide 0s As above, but some (112 ) Active slide not known 1% - 60%
Debris softer zones. in NW and Highly dependent on
(active) Currently Lnstable. rinor slides composition.

elsewhere in Avarage 30%.
west.

AlTuyium Qa Rounded sards and NS Predominantly 10 & 10 4 Depends on drainage.
garavels prebably on Hat Lreek
with silt inter- Yalley bottom.
beds. Mostly re-
worked glacials.

Burn Zone b Varies from an ir- NS Dry Lake area. highly
regular mass af May be obscured varichle

HN3: not stated

Source:

Golder Associates,

red-brown parily-
fused claystone and
siltstone with some
coal to well bedded
slightly beked in-
situ Coldweter
materials.

1978

by glacial or
slide deposits
in sub-¢rop an
west side.
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312

SOILS

312.1 Classification

Soils were mapped within the mine area to subgroup level and
soil units were determined on the basis of s¢il depth, surface
texture, drainage, and slope (CBRC, 1978), Location and
characteristics of soil units are illustrated and summarized
on Figure 3-3 and Table 3-3, respectively.

Soils in the proposed mine area have developed mainly on
glacial till and glaciofjuvial deposits., Soils developed on
glaciolacustrine deposits, alluvium, and colluvium occupy a
relatively minor area.

Most soils at lower elevations developed on glacial till are
classified as Orthic Dark Brown and Calcareous Black Chernozems.
At higher elevations soils consist mainly of Orthic Gray Luvi-
sols. Chernozems develop in grassiands and are characterized
by. a surface horizon enriched with organic matter. Luvisols
have developed under forest cover and are characterized by a
leached surface with an underlying horizon in which leached
materials, particularly silicate clays, have accumulated
{Agriculture Canada, 1974).

Soils developed on glaciofluvial materials consist primarily
of Orthic and Degraded Eutric Brunisols. Eutric Brunisols
have developed under open forest cover and are characterized
by an organic horizon over an underlying horizon in which the
base saturation (NaCl) is 100% and the pH (CaClp) is usually
5.5 or higher. In grasslands at lower elevations, chernozemic
soils have also developed on glaciofluvial outwash.

Seils in depressions and on hummocky terrain may be more suscept-
ible to mottling at higher elevations, and to accumulation of
soluble salts at lower elevations. Under natural, undisturbed
conditions, salinity is not excessive for native vegetation,
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FIGURE 3-3

Legend - Soils

Map Units Parent Materia’ Crder Subgroup Drainage
1-4 glacial til} Cherngzemic Calcareous Black well
5-1 Orthic Dark Brown well

12 - 17 Brunisolic Degraded Eutric Bruniscl well
18 - 27 Luvisoiic Orthic Gray Luvisol well
28 glaciofluvial Chernozemic Orthic Dark Brown well to rapid
2% - 3 Bruniseolic Degraded Eutric Brunisol well to rapid
iz colluvium Chernozemic Orthic Dark Brown well
33 - 34 Brunisolic Degraded Eutric Brunisol well teo rapid
35 - 36 alluvium Chernozemic Calcareous Black poor
37 Regosolic Orthic Regosol poor
38 Gleysolic Carbonated Gleysol noor
39 - 43 slide debris Regosolic Orthic Regosol imperfect to well
Brunisolic Orthic Eutric Brunisel well to rapid
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TABLE 3-2

Sail Units Withipn the Proposed Mine Area
Hat Creek Praject Mining Feasibility Report 1978

5071 Subgroup Depth incl. Potential
Unit Soil Series Major  Minor B Morizon Surface Texture Orainage Slope Salinity **
{E.L.V.C.)* (cm) (%)

S0ils Developed on Glacial Till
1 Medicine CarlC - 19 - 15 1-g1 ] 5-15 -
2 * CaBlc - 61 - 76 1 2z 5-10 +
3 " CaBlC - 46 - B4 1-s1 4 <5 +
4 i CaBIC - 5-10 1-5il 2 5 - 20 -
5 N QDBC SaBIC 20 - 46 i-s1 1-4 5-1% +
6 * QDBC - 46 1-511 1 5-18 -
7 " ODBC DEB 25 5il 3 5-9 -
g " onBL DEB 0 - 46 5i1-sic] 1-5 5-10 -
9 " ODBC  DEB 45 sicl ?-4 5 - 15 -
10 * RDGC - 5- 20 gsil-si? 2 5-10 -
i " 1.DGE - 3-5 sil-sic] - 5-19 -
12 Maiden DEB ODBC 46 1-5i1 3-4 =5 +
13 " DEB - S - 20 1-51 3 2-5 -
14 " DEE - 30 sil 3 5-15 -
15 " DEE - 15 - 20 fs1-5il 3 5 - 20 -
16 " DES RBIC a0 1-5i1 1 30 - 50 -
17 " DES CDBC 0 sil 1 7 -5 -
18 McLaren 06l - a6 - 51! gsil 1 20 - 40 -
19 " 0GL - ’|’3 - L‘{“ sil-gsil 3 5 - 20 -
20 . 06l 0EB k- dY f51-5i1 28 15 - 30 -
21 " 06L DEE 45 - 50 1-5i1 1 =30 -
22 " 06l DEE 15 - 30 sil 2-14 - 15 *
23 " 0aGL LGL 8 - 25 sil-gcl - =15 -
24 " LGl - 15 - 30 sil-gsil - 20 - 30 -
25 " 06l oR 15 - 2% 5i1-9s] 1 > 40 -
6 " GTOGL - 15 sil-sicl 4 =30 -
27 " G10GL - 25 sil-gcl 5 - -

Soils Developed on Glaciofluvial Deposits
28 Glimpse 0DBC - 76 511 2 -
29 Glossey DER 0DBC 36 - 46 3il-gicl 2 2 - 10 -
30 " DER ODEC -~ 25 511-sicl 1 »20 -
3 . DEB - 61 - 91 1-513 1 S - 10 -
50115 Developed on Colluvium
32 Chasm DEB - -8 sil-sicl 2 5 - 12 -
33 Crown QoBC - 0 - 18 gs1-g? - 10 - 40 -
34 " ansc OEB 15 - 20 511-gsil 1 5 - 20 -

S0ils Deveigped on Alluvium
35 {53) Frances Cak1C 45 sil-1 3-4 2 - 25 -
36 {55) " Cafilc 25 - 30 T-si1 5 <5 -
37 {4) " OR 15 - 76 1517 3-8 <5 -
38 {3) " Cail - 15 1 5 « 5 +

Soils Developed on Glaciolacustrine/Till Slide Materials
39 active slide OrR - 0 4 2 5-9 *
40 depression (R - 0 C 4 =5 +
41 inactive slide OEl: - 36 - 46 sfel-cl 1 15 +
42 N " OED - 10 - 30 sil 2 7 -0 -
43 N ' GR OEB 20 - 41 sil 3 7 -8 -

* Provincial Environment and tand Use Committee

** 4% {pdicates potential salinity problem

source: Canadian Bio Resources Consultants, 1978

LEGEMNTD

5011 _Subgroups Texture Crainage

0DBC Orthic Dark Brown Chernpzer 9 - gravelly I - rapid

CaB1C  Calcareous Black Chernozem s - sandy 2 - weall

5aB1C  Saline Black Chernozem fs - fire sandy - roderately well

LDGC Lithic Dark Gray Chernozem 1 = lopam -~ imperfect

RDGC Rego Dark Gray Chernezem si - silt - pogr

OEB Orthic Eutric Brunisol ¢ - clay

DEB Degraded Eutric Brunisol

O6L Orthic Gray Luvisol

GIOGL  Gleyed Qrthic Gray luwviss]

LGL Lithic Gray Luvisol

CaGl Carbonated Gleysal

OR Orthic Regosol



312.2 Chemical and Physical Properties

Samples collected from selected soil profiles within the pro-
posed mine area were analyzed to determine the suitability of
s0ils as plant growth media (Acres, 1978). Analyses included
pH, conductivity, organic matter, and available nutrient
content., Chemical analyses are summarized in Table 3-4,

Surface soil horizons (0 to 30 cm) developed on glacial till,
glaciofluvial materials, and alluvium within the proposed open
pit and Medicine Creek areas are non-saline, non-sodic, and
moderately calcareous. The soils generally contain high con-
centrations of available calcium, magnesium, and potassium, and.
low concentrations of available nitrogen and phosphorous. Soil
units located in depressions and developed on slide debris,
carbonaceous shale, and glaciolacustrine deposits are slightly
to moderately saline.

Soils developed on glacial till are medium- to fine-textured
(Table 3-3). Those soils developed on glaciofiuvial materials
and alluvium are coarse-textured. Tills appear to be more sus-
ceptible to surface crust formation, rill erosion, and dusting
than coarser textured soils. Fine-textured glacial tiils also
have improved moisture storage capacity, nutrient retention,
and leach more slowly than glaciofluvial outwash and alluvium.

313 VEGETATION

313.1 Existing Vegetation

Vegetation Associations

Vegetation in the Upper Hat Creek Valley was mapped and
described using colour aerial photography, forest cover maps,
and subjectively located 10 mé sample plots (Tera, 1978).

Eleven vegetation associations were mapped within the proposed
mine area, and those occupying significant areas include Douglas
fir-Pinegrass {23%, 416 ha), Douglas fir-Bunchgrass-Pinegrass
(24%, 433 ha), Kentucky Bluegrass (13%, 241 ha), and Big Sage-
brush-Bluebunch Wheatgrass (29%, 525 ha).



TABLE 3-4

Chemical Analyses of Selected Soil Profiles
Hat Creek Project Mining feasibility Report 1978

Depth Conductivity .M.
Horizon {cm} {mmhos/cm} pH {%) NO3-H
1. Slumped Glacta) Till
Ah i 0-6 <1 6.5 7.2 7
Ah 2 6-11 <1 7.5 7.6 3
Ck 1 11-33 <1 8.4 4.6 z
Ck 2 33-48 5 §.3 5.3 1
e 48-137 ] 4.5 =30 0
T Ck >137 4 8.3 1.1 &
W g 8.3 1.0 7
2. Glacialacustrine
Ah 0-9 1 5.7 5.7 &
[} 9-36 1 7.1 7. 3
2 36-76 2 8.0 4.6 1
1 Ck ) 76-91 3 7.8 2.2 1
i1 Ck 2 91-99 4 7.8 - 1
3. Loess overlying Carbonaceous Shale
Ah -8 <1 7.2 =30 49
Bm 1 8-28 2 7.8 14 60
Bm 21 28-46 4 53 12 150
Bm 22 46-66 5 4.5 20 320
c 66-99 6 4.3 5.3 415
1rc 99> g 4.4 20 355
4. Loess averiying Calluvium
Ah 0-15 <1 6.2 9.0 5
Bm 15-28 <1 E.% 6.6 4
Ck 1 28-38 <] 8.2 5.5 3
Ck 2 38-76 <1 8.3 4.7 3
5. Loess overlying Glaciofluvial Qutwash
Ah 6-20 <1 7.% 3.6 1
Bm 20-41 <1 7.6 2.5 1
IT Ck 4)-64 <1 8.0 2.7 1
1 €k 64-81 <1 8.2 1.5 H
Iv Ck 81-39 <1 8.3 1.6 1
Ve 99-127 <1 8.0 1.1 1
6. Baked Clay
red clay - 5 a.2 0.5 1
yeliow clay - <1 8.2 0.7 ]
7. Alluyium
Ah 0-23 <1 7.2 a.7 z
Bm 23-38 <1 8.0 3.5 1
Ck 1 38-61 <1 8.5 1.4 1
Ck 2 61 <1 8.5 0.9 4
8. Glaciofluvial Qutwash
Ah 0-18 <1 7.7 4.0 4
Bm 18-41 <1 5.1 3.1 1
* pp 2 M - equivalent to pounds per acre - six inch depth

Source: Acres {1377)

25

13

14

T4
14
23

1
28
58
28

%6
17

495
205
m
154

99
233
214
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Percent cover, species composition, and frequency were determined
for each stratum within the sample plots. A list of vegetation
associations, characteristic dominant species, percent cover,

and frequency are presented in Table 3-5., Relative importance
and resource use of the dominant plant species are summarized

in Table 3-6.

Biophysical Classification

Forty-eight biophysical sub-units were mapped and described
within the proposed mine area based on detailed soil, landform,
vegetation, and land use mapping {(Figure 3-4).

No rare or endangered vegetative species or sensitive biophysi-
cal units were identified in the proposed mine area {Tera, 1978).
Approximately 15% or 289 ha of the proposed mine area would be
Tocated on bottom land (0-5° slope). The majority of land to be
disturbed (85%) consists of sloping land (6-17° slope) and
steeply sloping land {>17° slope).

Potential for alkalinity and/or salinity were identified in
455 ha or 25% of the mine area, soil erosion or mass movement
potential in 124 ha or 7%, and flooding in 70 ha or 4%

(Tera, 1978).

313.2 Climax Vegetation

The proposed Hat Creek mine is located within the Interior
Douglas Fir Biogeoclimatic Zone. Fire, logging, and grazing
have altered the successional pattern. Removal of trees has
increased the amount of light and encouraged regeneration of
drought-tolerant understory vegetation. Palatable plant
species were reduced by livestock overgrazing with a concomit-
ant increase in species such as weeds and sagebrush which are
not palatable {Tera, 1978).

Successional pattern was inferred from regenerating forest
species and from grassland increasers, decreasers, and invaders
(Table 3-7). At higher elevations, regenerating forest species



TABLE 3-5

Existing Vegetation Within the Proposed
Mine Area
Hat Creek Project Mining Feasibility Report 1978

Vagetation Association

Douglas fir-Pinegrass

Douglas fir-Bunchgrass-Pinegrass

Kentucky bluegrass

Douglas fir-Bunchgrass

Sagebrush-Bluebunch wheatgrass

Bunchgrass-Kentucky bluegrass

Saline Depression

Big 5Sagebrush-Bunchgrass

Douglas fir-Spirea-Bearberry

Riparian

Wiliow-Sedge Bog

. Characteristic Mean Species No. of
Area Dominant Species Vegetative Cover Frequency Plots
(ha) t#) (%)

416 Douglas fir 38 100 9
Pinegrass 72 100
Lichen 38 100

433 Douglas fir 13 100 [
Bluebunch wheatigrass 33 100
Pinegrass 13 100

241 Kentutky bluegrass 36 106 5
Richardson's needlegrass 8 80
Yarrow 6 100

70 Bluebunch whea*grass 57 100 k]
Pondercsa pine 13 b6
Douglas fir 7 33

479 Big Sagebrush 65 100 4
Bluebunch wheatgrass k| 100
Rocky Mountain juniper 8 75

1 Bluebunch wheatgrass 17 78 ]
kentucky bLluegrass 12 89
Fasture sage 7 78

2 Baltic rush 37 100 3
Red top 22 100
Saltgrass 22 bb
Foxtail barley 50 66

LT Big Sagebrush 37 100 ]
Bluebunch wheatgrass 3 100

21 Douglas fir 18 100 2
Spirea ] 50
Bearberry 25 50

24 Alder 23 66 2
Willow 20 66
Horsetafl 25 100
Red-osier Dogwood 28 66

? Willow 35 75 4
tedge 32 50
lLarge-leaved avens 13 75

* area excludes roads, open water, rock outcrops, and inciudes biophysical units which are mapped as a complex



TABLE 3-8

Relative Importance and Use of
Dominant Plant Species
Hat Creek Project Mining Feasibility Report 1978

Relative Relative
Plant Species Apundance Resource Use Importance Season of Use Comments
TREES
Fonderosa Pine high Forestry Tow - Some local forestry value.
Deer medium-figh winter/spring forage and cover. Forestry/wildlife
conflict.
Livestock Tow spring/fall Abortion potential,
Trembling Aspen high Dear Tow winter/spring
summer/fall
Moase medium winter/spring
Livestock high all New shoots.
Beaver high all
Ruffed Grousd high all Buds and leaves constitute 25% of diet.
Black Cottonwood medium Moose medi ym-Tow winter/spring
Douglas fir high Forestry high - General - Used by wildlife for forage as
well as cover.
Deer medium winter/spring Forestry/wildlife conflict.
summer/fal}
) Ganebirds high all Buds and leaves constitute up to S0%
of diet.
Lodgepoie Pine high Forestry med i un - General - Forestry/wildlife conflict.
Hoose Tow winter/spring
Alder low Moose Tow wintar/spring
Englemann Spruce medium Forestry medium - General - Forestry/wildlife conflict.
Forest fire/wildlife conflict.
Grouse Tow 2ll
Source:  Tera, 1978 (continued)



TABLE 3-6 continued

Relative Relative
Plant Species Abundance Resource Use Importance  Season of Use Comments
BRASSES
Kentucky Bluegrass medium Livestock high spring
Waterfow] medium - Foed and caover.
Bluebunch Wheatgrass high Deer medium winter/spring Important winter forage.
Livestock high spring/summer Yery serious livestock/wildlife competition.
Gamebirds Tow all
Red Top medium Livestock high spring/summer
Waterfowl medium -
Pinegrass high Livestock medium late summer Livestock/wildlife competition.
Sedge high Deer low winter/spring
{(all Carex )
species) Moose medium winter/spring
medium-low  summer/fall
Livestock Tow fall Livestock/wildlife competition.
Waterfow? medium - Foed and cover.
Blue and 1om all Seeds {less than 5% of diet).
. Spruce Grouse
Saltgrass med um Livestock Tow spring
Foxtail Barley high Livestock high all
Waterfowl high -
Baltic Rush medium Livestock Tow spring
Waterfowl medium -

Source: Tera,

14378



TABLE 3-6 continued

Relative Relative
Plant Species Abundance Resource lse Importance Season of Use Comments
SHRUBS
Big Sagebrush high Deer medium all Important browse species in Blg 5agebrush
benchlands at mouth of Upper Hat Creek.
Pasture Sage high Livestock Tow late summer/ Important browse species on sheep winter
fall ranje. Livestock/wildlife competition.
Rabbit brush high Deer med1um-1ow winter/spring Widely distributed in Hat Creek area.
Red-osier Dogwood high Moose medium winter/spring Important winter browse species.
Livestock Tow-medium late summer/ Livestock/wildlife competition.
fall
Common Juniper high Dear med um winter/spring
medium-1ow summer/fatl
Man - fall
Gamebirds Tow all
Rocky Mountain high Gamehirds Tow ail
Juniper
Bearberry high Deer medium-high winter/spring
Man - early fall
Willow high Dear medium-1ow winter/spring Yery important component of winter and
summer diet.
Moose high winter/spring
summer/fall
Livestock Tow summer/ fall Livestock/wildlife competition.
Gamebirds medium all Young leaves and buds.
Buffaloberry high Deer Tow winter/spring
Man - late summerffall
Gameb i rds Tow ali
Spirea Tow Gamebirds Tow all

Source: Tera, 1978

{continued)



FIGURE 3-4

Legend
Biophysical Land Classification

Parent
Map Unit Vegetation Association Present Land Use Material Slope (%) Soi1 Great Group Limitations
INTERIOR COLGLAS FIR IQNE
1 Douglas fir-Pinegrass alacial till 10 - 30 3lack Cherpozem aTkalinity, salinity
2 forestry/grazing glacial till n - 30 Jark Grey Chernozem
3 glacial till 10 - 30 Eutric Brunisol
4 glacial till =30 Zutric Brunisol
5 glacial till 0 - 30 Gray Luvisal
6 glacial till >30 Gray Luvisol
7 colluvium 10 - 30 futric Brunisol
] colluvium »30 Zutric Brunisel
9 colluvium »30 futric Brunisol mass movement
10 <olluvium =30 Jystric Brunisol
1 calluvium >30 Zutric Brunisel alkalinity, salinity,
mass movement
12 Douglas fir-Bunchgrass farestry/grazing glacial till 10 - 30 Jark Brown Chernozem alkalinity, salinity
13 glacial till 10 - 30 Zutric Brunisel
14 glacicfluvial 0-9 zutric Brunisaol
15 Douglas fir-Bunchgrass-Pinegrass forestry/grazing glacial till 10 - 30 cutric Brunisol
16 glacial ¢ill =30 Futric Brunisol
17 colluvium 10 - 30 aLutric Brunisol alkalinity, salinity
18 coltuvium >30 futric Brunisol
19 colluvium 30 tutric Brunisol mass movement
20 glaciofluvial 0-4% Eutric Brunisol
21 alluvium 0-9 189050 flooding
22 Oouglas fir-Spirea-Bearberry/ forestry/grazing  colluvium »30 Jark Gray Chernozem alkalinity, salinity,
Douglas fir-Bunchgrass mass movement
23 Complex colluvium =30 Jark Gray Chernozem alkalinity, salinity,
mass movement
24 Douglas fir-Spirea-Bearberry/ forestry/qrazing colluvium =30 zutric Brunisol mass movement
Douglas fir-Bunchgrass-
25 Pinegrass Complex colluvium »30 Jark Gray Chernozem alkalinity, salinity
GRASSLANTD ASSO0CIATIONS
26 Kentucky bluegrass grazing glacial till 10 - 30 Jark Gray Cherngzem
27 glacial till 10 - 30 Rlack Chernozem alkalinity, satinity
28 glacial till =30 3lack Chernozem alkalinity, salinity
29 gtacial till 10 - 30 Niack Cherngzem mass movement
20 glacial till =30 Jark Brown Chernozem
31 colluyium 230 Jark Gray Chernozem alkalinity, salinity,
3 glacicfluvial 0-9 Dark Brown Chernozem mass mavement
33 glaciofluvial =20 Jark Brown Chernozem
34 Bunchgrass-Kentucky hlyegrass grazing glacial till 10 -3 Jark Brown Chernozem  alkalinity, salinity
35 glacial till 10 - 10 Eutric Brunisel
36 Sagebrush-Bluebunch wheatgrass grazing glacial till 10 - 30 Zutric Brunisel
37 glacial til1l 10 - 30 Dark Brown Chernozem
38 glacial till 10 - 30 Dark Brown Chernozem atkalinity, salinity
39 glaciefluvial 0-9 Eutric Brunisel
40 Bunchgrass-Kentucky bluegrass; grazing glacial till 10 - 30 Dark Brown Chernozem  alkalinity, salinity
41 Saline Depression Compiex alluvium 10 - 30 Dark Brown {hernozem
az Kentucky bluegrass/Riparian qrazing glaciefluvial 0D-9 Eutric Brunisel
43 Complex alluvium -9 Regosal alkalinity, salinity,
flooding
a4 Bunchgrass-Kentucky bluegrass/ qrazing alluviur 0-9 Gleysol alkalinity, salinity,
Riparian Complex flooding
45 Sagehrush-Bunchgrass/ grazing alluvium -9 Hegosal alkalinity, salinity,
Riparian Complex fleoding
INTRAZONAL
46 Riparian grazing alluvium 0-9 eggosol alkalinity, salinity,
fleoding
LY Willow-Sedye Nng wildbife glacial till 9-19 Sleysol flooding
habirat (seepage)

48 Cultivated Field agriculture allyviur
49 clacial tiil
50 col Tuvium

D-9
10 - 30
W30

Regosol

Jark Brown Chernozem
“utric Brunisol

alkalinity,
flopding
alkalinity,
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TABLE 3-7

Climax Vegetation and Successional Pattern

in Proposed Mine Area
Hat {reek Project Mining Feasibility Report 1978

S UL CES S 1T Q0 NAL

P ATTERHN

SPECIES
VEGETATION ASSOCTATION Stage Rate Regenerating Species History DIVERSITY
Douglas fir-Pinegrass late seral normal Douglas fir fire, logging i?
to climax
Douglas fir-Bunchgrass-Pinegrass late seral normal Douglas fir fire, logging 60
to climax
Kentucky bluegrass seral slower than rose, needlegrass, junegrass grazing, fine 55
normal soil texture
Douglas fir-Bunchgrass late seral  normal Douglas fir fire 30
Sagebrush-Bluebunch wheatgrass seral slower than  sage, varrow grazing, mudslide 53
normal Douglas fir, Ponderosa Pine
Bunchgrass-Xentucky bluegrass seral siower than rabbit-brush, pasture sage, fire, grazing 49
normal foxtail barley, western
needlegrass
Saline Depression edaphic normal baltic rush, red top, salt- saline seepage, 20
climax grass, dandelion, Kentucky salinity
bluegrass
8ig Sagebrush-Bunchgrass seral slower than pasture sage, rabbit-brush, grazing 35
normal Sandberg bluegrass, sand
dropseed, downy brome
Douglas fir-Spirea-Bearberry tate seral slower than Douglas fir rock slide 36
to climax normal
Riparian seral faster than Engelmann spruce, Douglas flooding 58
normal fir
Wiliow-Sedge Bog seral slower than willows, shrubs high water table 31
normal
Cultivated field early seral slow cultivation

* pumber of species recorded

Source: Tera {1978)



314

include lodgepole pine, trembling aspen, and Douglas fir,
Aspen regenerated in logged areas on glacial till and in
depressions between hummocks. Destruction of the tree canopy
by fire promoted the invasion of fireweed and willow, and it
is estimated that closure of the forest canopy could take
10-20 years.

Grasslands were classified on the basis of existing vegetation
rather than climax vegetation, due to alteration of species
composition by fire, insect infestation, and overgrazing
(Tera, 1978),

Climax grasslands in the area are believed to be Sagebrush-
Bluebunch Wheatgrass, Bluebunch Wheatgrass-Bluegrass and Blue-
bunch Wheatgrass-Rough fescue at low (885-1000 m ASL), medium
(1000-1300 m ASL), and high (1300-~1600 m ASL) elevations,
respectively.

CLIMATE
Climatic data for Upper Hat Creek Valley is summarized in

Table 3-8 (Acres, 1978}.

314,171 Precipitation

Mean annual total precipitation in the mine area is 317 mm.
About 44% occurs as rain during the growing season (May through
September). Total precipitation varies greatly with elevation.
At the top of the proposed waste dumps precipitation would be
somewhat greater than indicated from present records. Total
annual snowfall at the mine area is estimated to be approxi-
mately 133 cm with approximately 80% recorded during the months
of November through February. Of primary importance is the
soil moisture deficit, which is estimated at 238 mm.

3-22
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TABLE 3-8

Climatic Data for Hat Creek Area
Hat Creek Project Mining Feasibility Report 1978

Jan. Feb. Mar. Apr. May June  July  Aug. Sept. Oct. HNov. Dec. Annual

Mean Daily Temperature -11.0  -5.7 -1.8 3.7 9.1 12.3 15,7 14.2  10.3 4,1 -3.4 -8.3 3.2
Mean Oaily Maximum Temperature -5.1 1.0 4.6 0.6 16.9 20.7 23.8 22.% 18.% 10.7 1.8 -Z2.5 iG.3
Mean Daily Minimum Temperature -16.9 -12.4 -8.2 -3.2 1.7 4.6 6.1 5.4 2.1 -2.% -8.7 -13.6 -3.8
Extreme Maximum Temperature 1.7 13,3 17.2  21.1 27.8 33,9 34.4 34.4 31.1 23.3 12.2 10.0 34.4
Extreme Minimum Temperature -40.6 -25.0 -27.8 -11.1 -7.8 -3.,3 -0.6 -2.2 7.2 -12,2 -30.0 -42.8 -42.

Mean Rainfall 3 3 5 8 18 35 29 32 20 21 7 4 84
Mean Snowfall 368 157 102 81 38 0 0 0 5 38 23 310 1331
Mean Total Precipitation (M.T.P.} 39 19 15 16 22 35 29 32 21 25 30 35 37
Greatest Rainfall in 24 Hours 10 5 k! 8 17 23 39 30 27 18 5 8 39
Greatest Snowfall in 24 Hours 424 84 91 119 94 ¢ 0 0 trace 86 191 221 424
Greatest Precipitation in 24 Hours 42 10 91 16 17 23 39 30 27 18 19 22 42
Potential Evapotranspiration (P.E.}* 0 0 0 35 71 104 125 105 65 28 0 It 532
M.T.P., minus P.E. 39 19 15 -18 -48 -68 -95 -72 -43 -2 30 35 -214
Actual Evapotranspiration (A.L.)* 0 0 0 35 61 65 48 38 23 25 0 0 295
Moisture Deficit (A.E. minus P.E.} 0 0 U 0 10 38 77 67 42 3 0 Q 238
Mean Degree Days above 5.0°C 0 0.2 2.1 18.0 124.9 238.5 311.0 306.4 153.1 38.i 0.3 0 1192.6

Notes: All temperature values are in degrees Celsius.
All precipitation values are in millimetres.
Degree-days are in their own units.

* Assumed water-holding capacity is 100 mm,

Source: Acres, 1978 modified from: 1. Climate of British Columbia Tables of Temperature and Precipitation, Climatic Normals
1941 - 1970, Extremes of Record, Publications Branch, B.C.D.A., Victoria, British Columbia

2. Preliminary data from AELS Station #1163340, The Atmospheric Environment Service,
Environment Canada



314.2  Temperature

The mean annual daily temperature in the area is 3.2°C., January
is the coldest month with a mean daily temperature of ~11°C,
while July is the warmest month with a mean of 15.1°C, Extreme
maximum and minimum temperatures of 34.4°C and -42,8°C were
recorded in July/August and December, respectively. The mean
annual number of degree days above 5° C is calculated to be 1192,

314.3  Humidity

Stations recently established in the Upper Hat Creek Valiey
provide the only available site~specific information on
humidity. Table 3-9 summarizes the diurnal and seasonal
ranges within the proposed mine area. Diurnal variations are
quite great throughout all seasons.

TABLE 3-9

Mean Relative Humidity
in Proposed
Hat Creek Mine Area (1975)

Hour Spring Summer Fall Winter
01 69.8 73.0 74.8 76.9
04 73.8 80.0 717.6 76.8
08 65.7 72.3 78.6 74.6
12 35.2 46.0 53.8 55.0
16 27.0 39.0 46.4 48.6
20 51.8 47.9 61.9 71.6
24 67.8 69.6 73.7 77.2

Source: ERT (1978)
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314.4 Wind

Recently-established meteorological stations on-site indicated
that the maximum frequency of daytime wind occurrence is assoc-
iated with the mountain/valley topography and direction of the
valley floor (i.e., upslope to the southeast). Nighttime winds
are generally from the south-southwest. An annual wind rose
representative of the mine site is presented in Figure 3-5.
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3,2 WATER

321  SURFACE WATER

321.1 Hydrology

Drainage Systems

Drainage in the proposed mine area is shown in Figure 3-6, Hat
Creek, the principal watercourse in the valley, flows northward
through the centre of the mine area and empties into the Bona-
parte and Thompson river systems, Tributary streams to Hat
Creek within the mine area include Houth, Medicine, Finney, and
Ambusten creeks, Mine operations would alsc include portions

of the catchment areas of several small unnamed ephemeral
streams. Finney Lake {160 ha surface area) and Aleece Lake

(15 ha) are located near the proposed mine area. The level of
Finney Lake has been raised by installation of a small dam at
the outflow point and flow is regulated by a manually controlled
sluice gate. Outflow from Aleece Lake is intermittent, depending
on precipitation and snowmelt.

Most Takes and ponds in the area are evaporitic, perched, and
unaffected by groundwater flow. Groundwater and flowing water
js derived from precipitation (Beak, 1978).

Precipitation and Snowmelt Hydrology

The flow regime of Hat Creek, although influenced by periods of
heavy rainfall, is generally dominated by snowmelt. Elevation
strongly influences total precipitation within the valley,
particularly accumulation and melt of snowpack, Site-specific
data are not avaiiable to date, but based on comparable areas
in the surrounding region, it is estimated that approximately
45% of the total precipitation input to the basin is absorbed
into the snowpack prior to runoff (Beak, 1978). Estimated
maximum snowpack, average snow depth over the total Hat Creek
catchment area, and maximum snowpack water equivalent are 22.6,
35.6, and 86.6 cm, respectively (Monenco, 1977),
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FIGURE 3-6

Legend
Drainage Basin Map No. Plan Area km2
Houth Meadows 1 5
2 3
3 2.5
4 19
29.5
Finney Creek 5 13
West Pit 6 8.1
South West Pit 7 5.0
South East Pit 8 1.3
Ambusten Creek 9 35
Medicine Creek 10 12.6
13 43.1
12 5.9
61.6
Harry Creek 13 9.9
East Pit 14 £.5
North West Pit 15 0.4
North East Pit 16 0.8
Marble Canyon 17 10.0
(South) 182
Hat Creek Valley 18 248
{Upstream)
Hat Creek Valley 19 236
{Downs tream)
Total 666 ki’
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Maximum precipitation occurs in January and June, whereas
March, April, and September are typically dry months,

Snowmelt and Runoff Fliow Waters

A runoff hydrograph for Hat Creek below the proposed mine area
is presented on Figure 3-7.

Hat Creek flow is characterized by high snowmelt spring freshets
with peak flood normally occurring in May or June. Early snow-
melt in March-April is uncommon. Based on 15 years of record,
the mean annual runoff volume at Hat Creek, as measured at the
Upper Hat Creek stream gauge is 2100 ha-m or 62 mm over the

350 m drainage area. Sixty-seven percent of mean annual run-
off occurs during May, June, and July. Flow is low during
summer, fall, and winter, particularly late August to early
September. Summer rainfall peaks in the hydrograph are lower
than spring freshet peaks (Beak, 1978).

Evaporaticn and Water Balance

A water balance was calculated by the Thornthwaite Method
(Table 3-10). Using 317 mm as precipitation input, 62 mm run-
off as output, and 200 mm as soil moisture storage; annual
actual and potential evapotranspiration were computed at 317
and 532 mm, respectively. A 215 mm moisture deficit occurs
from April-October. Adjustments for elevation differences,
irrigation, and diversion losses were incorporated, resulting
in annual precipitation of 394 mm, surface runoff of 75 mm,
and a natural evapotranspiration loss of 319 mm (Beak, 1978).

Channel and Floodplain Morphology

The slope of Hat Creek within the mine area is approximately
1°, Streambed material consists of cobble, gravels, and sands.
Channel cross-sections (Beak, 1978) within the mine area indi-
cate the following characteristics:
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. TABLE 3-10

Thornthwaite Climatic Water Balance
for Hat {reek
Hat Creek Project Mining Feasibility Report 1478

roLenti

M.T.P. minus P.E.

Storage
Change in Storage

Moisture Deficit
Moisture Surplus
Surplus Runoff
Snowme 1t Runoff
Total Runoft

Storage
Change 1n Storage

Moisture Deficit
Moisture Surpius
Surplus Runoff
Snowmelt Runoff
Total Runoff

Jan. Feb. Mar. Apr. May June  July  Aug. Sept. Dct. Nov Dec Annual
‘pan Daily Temperature {°C) -11.0  -5.7 ~-1.B 3.7 9.1 12.3 15.1 14.2 10.5 4.1 -3.4 -83 3.2
ngteptial Evapotranspiration (PLE.) 0 0 0 35 71 104 125 108 65 28 2 0 532
Mean Total Precipitation (M.T.P.] 39 1% 15 16 2 35 29 kT4 21 25 30 35 7
39 19 15 -18 -48 -68 -95 -72 -43 z 30 35 -214
ASSUMED WATER-HDLDING CAPACITY: 100 mm
106 119 120 100 61 31 12 & 4 4 33 68
32 0 U 0 -38 -29 -18 -5 -1 D 30 35
Actual Evapotranspiration 0 0 0 35 61 65 48 38 23 25 0 0 295
0 0 0 i} 10 38 7 &7 42 3 0 0 238
0 0 0 1 ¢ 0 0 0 i) 0 0 0 1
1] 0 0 1 0 0 o 0 V] 0 1] Q 1
1 6 14 0 0 Q9 o} 0 0 0 o] 0 z1
1 [ 14 b 4 ¢ 0 0 a 0 ] 0 22
Snowme 1t Runoff Ratio (%) 9 25 A 0 ] 0 Q il 0 0 o) 0
ASSUMED WATER-HOLDING CAPACITY: 200 mm
132 151 166 151 118 84 52 36 29 28 58 93
39 19 15 -14 -3z -33 -2 -15 -6 ] 30 35
Actual Fvapotranspiration 0 0 0 3 55 65 61 LE 28 26 0 0 37
o] 0 U 4 ib 34 64 57 37 ? 0 o] 215
0 Q 0 0 0 [+] 0 0 4] 0 0 1] 1]
0 4] 0 [\ 0 0 0 0 a 0 0 0 o}
0 o] u 0 0 U 0 0 3] 0 0 0 ]
0 a a 0 0 ol 0 1] 1] 0 0 4] 0
0 0 0 0 0 a a 0 0 M Q 0

Snowmelt Runoff Ratio (%)

Notes: * based on climatic normals from 1941 to 1970

AlY values except temperature and snowmeit runoff ratig are in millimetres.

Source: Beak, 1978, data from AES Station #1163340
50° 45 N, 121Y 35 W
866 metres ASL



active channel width ... . vvvnvens. creevness 110 m
5m

assumed bankfull level ....vevrieirrennnnn veo 10-1
depth ............ R Ceeteeran e rennns 0.25-0.5 m
flow ..vivvenninnn, Crereeennae. veers 0.286-0.937 m°/s

Similar data are unavailable for tributaries of Hat Creek with-
in the mine area; most creek beds consist of coarse deposits or
bedrock.

From aerial photographs, the Hat Creek floodplain within the
mine area was estimated to cover 1.14 kmé. The floodplain
consists of wetland meadows, dense willow thickets, beaver
ponds, and marshes developed on sand and silt sediments. The
lengths of Hat, Medicine, Finney, and Houth Creeks within the
area of proposed disturbance have been estithated at 5, 5, 3.2,
and 2.5 km, respectively.

321.2  Quality

The surface water quality of streams and Takes in the mine
vicinity is summarized on Table 3-11, and sampling locations
are shown on Figure 3-8. Mean values are presented for a
varying number of samples collected at each site between
September 1976 and 1977. Insufficient data are available to
accurately describe the temporal variation in base-line water
quality in the proposed mine area. Samples were collected
primarily in low flow periods during an abnormally dry year,
and may not be typical of conditions over the long-term,

Streams

Fiowing waters within the proposed mine area are suitable for
drinking and irrigation (Beak, 1978). Containing relatively
high levels of calcium and magnesium, waters are very hard
and are predominantly of the calcium bicarbonate type. Hard-
ness is believed due to groundwater contact.

Chemical oxygen demand (COD), biological oxygen demand (BOD),
total organic carbon (TOC), phenol, and temperature were Tow
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TABLE 3-11

Mean Surface Water Quality of Streams and

Lat *- ¢t inity of Hat Creek Mine

Hat Creek Froject Mining Feasibility Report 1978

WATER JUALLTY

H AT f R EE K MEDICINE FINNEY ALEELE GODSE/
PARAMETER above wid=mine below CREEK LAKE LAKE FISHHOOK LAKE
mipe area area mine area (outlet)

Station*® 4 14 1n ? 1 17 5 16
Number of Samples 13 13 13 4 4 1 4
CATIONS - Trace Metals (mg/L}
Aluminum [R1) <0.070 <0.010 < 0.010 < 0.010 = 0.010 <« 0.010
Arsenic (As}) <0.008 <(.005 « 3.00% «0.005 < 0.00% <0.005
Cadmium (Cd) «0.005 «0.005 = 0.005 «0.005 < 0.005 < 0,005
Chramium {Cr) <(.010 =000 < 0.010 «0.010 < 0.010 - < 0.010
Copper (Cu) <{1.005 <0.005 - 0.005 = 0.005 = (0,005 - <0.005
Iren (Fe} 0.048 0.037 < 0.018 0.021 < 0.041 < 0.05 <0.018
Lead (Ph) < 0.010 =0.010 < 0.010 < 0.010 < 0.010 - <0.010
Mercury {Hg) «.00027 =0.001Z < 0.50038 0.00050 < 0.00033 - < 0.00040
#olybdenum {Mo} «0.920 =0.020 < 0.020 < 0.020 < 0.020 0.03
Selenium {Se) «11.003 «0.003 0.003 < 0.003 < 0,003 <0.003
Vanadium (V) < 0.005 « 0005 < 0,005 < 0.005 = {.005 - 0.006
zinc {In] 0.007 <[1.005 0.008 0.00% < 0,0060 - < 0.030
CATIONS - Alkali Earths & Metals

img/L)

Catcrum {Caj LE] 58 53 &1 24 33.9 1
Lithium (Li} < (1.0025 «0.0025 - 9.002 0003 < 0.001 - 0.070
Magnesium [Mg) 16 20 17 29 8.3 25.2 99
Potassiwn (K} 4.9 4.5 4.0 - 2.4 11.5 190
Sodium (Nal 17 24 20 14 15 8.0 1390
strontium (Sr) 0.28 0.34 0.30 (.44 913 - 1.2
ANIONS - Gemeral lmg/l)
Boron {B) <0.1 <0.) 0 0.1 <0.) - 0.3
Chloride (C1) 0.61 1.0 1.2 0.50 0.53 <5 96
Fluoride (T} 0.15 0.15 G.14 0.122 G.22 - < 0.57
sulfate (504} 50 57 s0 40 5.0 52.2 2140
ANTONS - Nutrients (mg/L)
Total Kjeldahl Nitrogen (M) 0.19 0.27 0.1% 0.26 0.83 - 3.2
Nitrate Nitrogen (NO3 - N} 0.06 u.0¢ « 0,06 0.04 < (102 - <0.67
Nitrite MNitroger (NOZ - M) «0.0037 «0.021 = 0.0018 = 0.0010 < 0.0019 - =0.00
Total Orthophosphate Phasphorus (P) 0.050 0.065 0.03% 0.010 0.625 - 1.5
ORGANLC, WONEORTC A
_CALCULATED VALUTS (mg/L)
coo 45 10 17 10 72 - 124
TOC 8.5 i6 g 27 18 - 164
Phenol <0002 <0002 < [1.002 <0.002 < 0.002 - « 0. 002
Total Hardness {Cal03} 182 226 215 272 54.8 188 436
Total Alkalinity (CaCO3) 99 278 212 188 123 27 1520
PHYSICAL DATA
pH {units) 5.1 8.4 5.4 8.4 8. 1.6 9.8
Specific Conductance [umhas/cm @ £57) 450 555 472 550 232 508 6700
True Colour {Pt-Co Units) 12 18 1" 10 19 - 50
Turbidity {NTU) 1.6 1.46 2.5 0.30 1.1 - 3.8
Temperature ('C) 4.6 9.8 6.4 7 5.8 - 6.4
PHYSICAL DATA - Residuss \mg/i)
Total Residue 121 REL) 344 361 174 - 5076
filterable Residue 312 330 338 359 176 - 5070
Nonfilterable Residue 8 5 i 2 3 - 6
Fixed Total Residue 266 260 274 261 113 - 4706
Fixed Filterable Residue 261 278 269 260 1z - 4703
Fixed Nonfilterable Residue <8 4 <5 1 <1 - 3
BIOCHEMICAL, DISSOLVED GASES &
RELATED MEASUREMENTS (mg/L)
BUD 1 <1 1 10.1 1 - 1
o0 1.7 1] 181 - 9.0 - 9.8

+ Gee Figure 3-8 for station locatiens.

Source: Beak, 1978
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indicating minor organic loading and satisfactory conditions
for fish. The nitrogen:phosphorous ratio was low, possibly
indicating the presence of agricultural wastes or fertilizers
in runoff upstream of the proposed mine area (Beak, 1978).

Sediment Transport

Sediment yjeld during spring runoff was predicted by a graphi-
cal analysis of 1977 suspended sediment and dissolved solids
concentrations versus discharge (Beak, 1978). Data from
freshet sample stations located on Hat Creek in the mine area
are presented on Table 3-12 (see also Figure 3-7). Further
sampling is required to determine runoff typical of long-term
conditions, since 1977 was an unusually dry year.

Predicted suspended solids concentration in Hat Creek may
average 300 mg/L during freshet (Beak, 1978). Suspended
sediment yield in Hat Creek varied from 2 tonnes/month during
winter to more than 2400 tonnes/month during freshet. The
dissolved solids load in Hat Creek may range from 260-400
tonnes/month in winter to 3000 tonnes/month during freshet.
Hat ggeek drainage also appears to be very turbid during
runoff.

Lakes

The water quality of Aleece Lake (within the mine area) and
of Finney and Goose/Fishhook Lakes {outside the mine area) is
summarized in Table 3-11. These waterbodies exhibit water
quality extremes to be found in the area, Finney Lake is a
wilderness oligotrophic lake characterized by low nutrient
levels; its water quality similar to nearby streams.

Goose Lake is characteristic of Southern Interior alkali
sloughs with high sodium and sulphate levels, filterable
residue, and specific conductance. It lies in a depression,
collects groundwater seepage, and is evaporitic (Beak, 1978).

Aleece Lake water quality falls within the extremes presented
by Finney and Goose lakes.
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TABLE 3-12

Freshet 1977 - Dajly Collection Data
Hat Creek Project Mining Feasibility Report 1978

Station (Base)
and Parameter 19 May 20 May 21 May 22 May 23 May 24 May 25 May 26 May 27 May 2B May 8 June 9 June 10 June
7 Conductivity ™ 480 470 490 490 480 470 450 440 460 470 340 390 420
Nonfilterable **
Res idue 3 7 6 9 10 24 10 7 4 3 38 15 8
Turbidity =*+* 0.85 0.95 1.1 1.2 1.0 z.1 z2.1 0.75 1.4 1.1 13 4.5 2.4
*(below mine}
14 Conductivity 480 510 510 490 500 480 460 450 450 460 290 350 380
Nonfilterable
Residye <1 <] 3 3 4 9 4 3 7 3 25 g 3
Turbidity 0.45 0.45 0.%0 0.50 0.55 0.95 8.75 1.0 1.4 0.90 7.8 2.2 7.7
Flow, ms”'  0.29  0.29  0.35  0.38  0.58  0.60 0.43  0.41 0.3  0.32  0.80  0.52  0.43

(above mine)

* L
**,J:gyfs/cm @ 25
wkx NTY

Source: Beak, 1977
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Summary

Suiphate concentrations in some surface water samples are
slightly elevated compared to PCB level A objectives.
Suspended solids concentrations during freshet may be
greater than PCB level A objectives.

GROUNDWATERS

322.1 Hydrology

Groundwater in the proposed mine area was studied by field
interviews, piezometer head distributions, falling head perme-
ability tests, and pump tests carried out during 1976-1977
(Golder, 1977). The location of groundwater sampiing stations,
artesian springs, domestic wells, and piezometers within the
mine area are shown in Figure 3-8.

Principal Aquifers

Locally significant types of aquifers contributing to ground-
water within the proposed mine area include fractured lime-
stone and granodiorite bedrock, glaciofluvial sediments, and
alluvium. Bedrock aquifers are concentrated to the north and
east of Upper Hat Creek Valley at higher elevations, whereas
glaciofluvial and alluvial aquifers are located at Tower ele-
vations near the valley bottom (Beak, 1978).

Flow Regime

Groundwater recharge rate and movement depend on the topography
and nature of the surficial and bedrock materials at the site.
Aquifers in the vicinity of the proposed mine are generally
small due to the low hydraulic conductivity of the materials
and to the low annual precipitation; resulting recharge to the
groundwater table is low. Recharge zones are generally located
at higher elevations and flow occurs mainly through surficial
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deposits. Less than 2% of the recharge is estimated to flow
in Coldwater Sediments (Beak, 1978).

Glacial tills on the west side of the proposed mine area have
low permeability and are poorly drained compared to glacio-
fluvial materials on the east side of the valley. As a result,
groundwater in the east passes through alluvium into Hat Creek
without surface discharge. Springs and seeps are present
below an elevation of 900 m ASL on the west side of the mine
area.

Flow Patterns and Rates

Groundwater flow systems and estimated flow rates for the
proposed open pit and waste dump areas are illustrated on
Figure 3-9.

Water Wells

Five domestic wells are situated within the proposed mine
area with depths ranging from less than 1 to 5 m. Flows are
reported to vary from less than 1.5 to 10 ms per day. These
wells tap aquifers in either shallow springs, impermeable
till, or Hat Creek aliuvium.

322.2 Water Quality

Saline, sodic, and isotopic characteristics of groundwaters are
summarized in Table 3-13. Water quality of shallow groundwater
in Kat Creek alluvium, surficial groundwater in the limestones,
deep permeable bedrock groundwater, and unique samples is
presented in Table 3-14. Variations in groundwater with

depth and lithology are listed in Table 3-15.
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TABLT 373

Derivad Irom Groyndwater Seepdge 1n the Proposed
Hat Creek Eraject Mining Feasibility Report

and Surtace
Mine Ares
1978

Water:

g;.!wg;,

I lso!np;s

N . . EC sam Tritium
Samp'e Late  Samp'e Site Hates Lithe Togy " g H %/00) %00} R
9741 7R Alrece Creek 600 n from lake outlet B0 8 240 a0 - - - s 508 1.0 -14.0 B -

9/t Spring On tauth sharg af al Juviun - - - - - - - - - PO T | -
Hleace |ake
ar1im Aloece Lake At qut’et from 0.6 m - 8.0 13.% 2.2 115 265 522 .8 T8 508 <1 B -
depth
371176 Hell RH7E-19 During devetopment Claystone MDD 190 9.4 8O 60 A -5 16 77 5.1 -18.0 -
971143k Hat Treek Near Hale RM 7870 - b3 50 124 4 - - - 80 42 <1 -18.1 .
147004 Well knls-12 4t end of pumo test Claystone W0 8T 216 MO0 150 173 5 76 1834 9.8 -20.1 -
W0/877 Houth Lake Bt outles - %1 - -1a9  -130.8
3074007 Houtn Creek At bar Creek - 0o R EFC TR & -8
IO Hat Creek St keutn Creex - 1E1) 0 fash (1Y da) (2R9h (48} {1.2} (8.3) 40 Y -1E IS
07471 g Cresk $outh branch - 00 - -len g
30/477 Aeece Lake At outlet from 0.5 w - a0 - -B.5 -lD2.%
depth
0T Finoy Lake At outler - HE3 1297 (B.3) [RkEs) 5.1 (0.8 lao) 210 «1 -11.2 -1z
1024077 Alkaline 2000 T sast of Finney - 3ava B B L 3
2 laugh Lake
307477 Medicing Creek At roas culvert G4l dslr (29 - 18 (a0} [0.5) (a.4) MY -16.9 1348
B/S/7T Apring Upper bat Creek ¥alley alluvium L2B) (1any  (&8) - (a3l (2%0) [1.E) (7.6) 100 1o-18.e -142.4
Kb
28/8/17 471445 1 From prezo. at 90 m Times tone 23664 293 43 1% Bl 5 78 626 1 -1a.2 1951 0.5+8
depth
28/8/77 774 42 Fron piezo. at 64w Iimes tonp anyoo§8.2 3200 46 10 9.2 & 8.0 68 <1 -l8.4 1318 -
deptn
28/8/T7 o FE-ay a3 From pieza. at ¥m weathered 57.% 541 2.0 4.7 144 9 708 728 T-18.5 187.1 BER
deptn 11mes Lone -
2508477 i Fi-aE et From pieco. at 40 m thale WA M T 39 4 1157 a8 9% 8.3 8.3 1841 FORN )
depth
257877 M Fi-an a4 From pieto. at M m sands tone 7036 251 B3 40 478 1192 5 B W5 9.0 A48 1294 348
depth )
25/8¢77 M 7148 ¥3 from piero, at SBm shale Wo.z 152 46 35 s 816 3.5 B4 879 9.5 -18.3 34 1929
depth
25/5437 Wit 1149 4| From piezo st 8 m greenstane Wz 1734 ¥.7 AT 6T% 1968 280 1326 a0 -18a 1445 a:g
depth
1 -
U35 the oxygen 1sotope concentration given 1n SHOW
D s the deuterium isotape coACEntrar-an given -n SMOW
L0 15 electrical conductivity in umhosrm
SAR is scdium adsorption ratin SAR - Ha' in aeniL.

Tritium [TUb - 37 Tess Lhan 30 groundwater
15 considered - HE years alg

SMM - Standard Mean Ocean Water

~ (eatd e metPyia

Beak [1978)
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LE 3-14

Groundwater Quality in the Vicinity of the Propesed Mine
Hat Creek Project Mining Feasibility Report 1578

WATER QUALITY SHALLOW GROUNIMWATER  SURFICIAL BEEOROCEK CROUNDMATER UNIQUE SAMPLE DATA - SHALLOW WATERS
FARRMETER Aat Treek Domestic  GROUNDWATER i Pedicine Cresk Welt 7. Z and  WeTl 3 Goose/
Alluvium Wells RH 77-4% Trench B (rear Dry  Fishhook
Limestane Claystone Coal Shale Greenstone Lake) Lake
Number of Samples 1 4 1 2 1 1 1 8 5 1
CATIONS - Trace Metals (mg/L]
Aluminum (A1} ' <0.019 <0.011 - 0.904 (0,030) - - <0.014 < 0.011 < 0.010
Arsenic (As] <0.005 <0.005 - <0.005 (0.012) - - <0.005 < 0.005 < 0.005
Cadmium (Cd) <0.005 <0.005 <0.001 <0.001 <0.005 <0001 < 0.00m - - < 0.005
Ciromium [Cr} «0.010 <0.010 - <0.001 <0.010 - - <0.010 < 0.0106 < 0.010
Copper (Cu) <0.008 <0.009 <0.002 .007 <Q.005 0.004 <0.001 <0.009 < 0.008 < 0,005
lrgn (Fe] <0.026 <{.284 <0.041 <0.08 0.125 <0.035 0.073 0.323 0.162 <0.18
Lead (Pb) <0.010 <d 210 <g.001 <0.002 <0.070 0.002 <0.401 - - < 0,010
Mercyry (Kg) <0.00040  <0.00028 - - {0.00039) - - {=0.00012) («0.00013) (<0.0040)
Molybdenum (Mo) <0.020 «0.020 - <0.004 - - - - - 0.03
Selentum {Se) <0003 <0 003 - =0.10 <0.003 - - <0.004 < 0.003 < 0.003
¥anadium (¥) <0.005 <0 008 <0.04 1.97 <0.006 <0.04 «<0.04 <0.005 < {1.00% 0.406
Zinc (In) <0007 0074 0.00B 0.020 0.008& <0.015 <0 <0.016 0.038 < 0.030
CATIONS - Alkali farths
& Metals  {mg/l}
Catcium {Ca} 57 69 58.0 ar7.7 48 .2 123.4 66 1
Lithium (Li} 0.002 0.004 - 0.08 <0.008 - - 0.004 0.051 0.070
Magnesium (Mg) 9 2 0.4 21.6 41 6.8 91.2 16 80 99
Potassium (K} 4.0 - 4.6 3.0 27 3.8 4.7 - - 190
Sodium (Na) 20 15 a1.3 330 3nn 182.1 2.2 20 384 1390
Strontiem {Sn) Q.32 0.33 0.50 0.06 0.14 0.34 1.26 0.25 1.26 i.2
ARLONS - General {mg/L)
Boron (B) <Q.10 <0.10 - Q.10 <0.10 - - <0.10 0.18 Q.1
Chloride (C1) 1.1 <1.4 6.0 <0.5 a.z 4.2 2.0 1.3 7.5 96
Fluoride (F) 0.18 0.35 - 0.067 .33 - - n.120 0.128 Q.57
Sulfate (504) 54 50 B3z 7.3 260 12.0 196.8 49 1328 2140
ANIONS - Mutrients (mg/L)
Total Kjeldahl
Hitrogen (N} 0.19 0.16 - 22.2 5.7 - - - - 3.2
Nitrate-Nitrogen (NO3-N} <0.0% Q.19 - <0.10 0.0z - B - - < {1.067
Nitrite-Nitrogen {NDz-N) <0 002 <0.0011 - <0.001 0.001 - - - - < 0.0016
Total Orthophosphate
Phosphorus (P) 0.043 0.037 - .01 0.037 - - 0.027 0.0 I3
ORGANIC, NOMIOHIC &
CALCULATED VALUES (mg/L)
€on 21 <37 - - - - - - - 124
oo 9 19 - - 21 - - 38 B8 164
Phencl <0.002 <0.602 - - - - - - - < 0.002
Total Hardness (CaC03} 224 247 269 208 289 8 682 231 945 436
Total Alkalinity {Cal0q)226 246 333 943 m 431 672 PR 533 1520
PHYSICAL DATA
pH (units) 8.4 7.8 8.0 7.6 7.3 B.2 8.0 7.8 7.4 9.8
Specific Conductance
Luithos /cm @ 25°C) 449 519 681 TA34 110 942 1326 530 3010 6700
True Colour
(Pt-Co Units) 12 <9 - - 20 - - - - 50
Turbidity (NTU) t.5 1.3 - - 3.3 - - - - 39
Temperature [°C} 6.6 - - - W - - - 8.4
PHYSLCAL DATA - Residues (mg/L]
Total Residue 348 357 - - 1244 - 379 2853 5076
Filterable Residue 342 353 - 1600 1220 - - 47 214 5070
Nonfilterable Residus 6 4 - - 24 - - 3z 144 6
Fixed Total Residue 201 a0y - - 1088 - - - - 47086
Fixed Filterable
Res idyg 278 308 - 1400 1080 - - - 4703
Fived Nonfilterable
Res idue 4 <3 - - 8 - - - 3
BIOCHEMICAL. GISS0LYVED
GASES, & RELATED
MEASUREMENTS {mgsL)
BGD <l - - - 7 - - - - i
D.Q. 11.1 - - - 0.h - - - - 9.6
% Saturation 90.2 - - - 7.1 - - - 90.3
Note: - { } denotes total concentration

Scurce: Lolder (1977), Beak |[1978)
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TABLE 3-15

Variation in Groundwater Quality
with Lithology and Depth

Hat Creek Project Mining Feasibility Report 1978

Sample Sodium
Hole Depth Electrical* Adsorption
Number Lithology (m) pH  Conductivity Ratio
RH 77-45 gravel 24 6.5 660 -
weathered 30 7.2 645 -
limestone 38 7.0 560 <]
blue Timestone 43 7.2 700 -
“ ! 49 7.1 650 -
" " 56 7.3 655 -
i " 60 7.2 600 <]
! ! 69 7.5 650 -
" " 74 7.4 625 -
A " " 88 7.4 610 1
RH 78-48 sandstone 24 7.4 500 -
greenstone 32 7.4 540 -
sandstone 35 7.4 545 -
greenstone 38 7.9 560 -
. 41 7.6 610 -
grey shale 56 7.6 600 -
" " 58 8.4 879 9.9
sands tone 79 8.1 1019 9.0
shale 90 8.1 936 8.3
RH 77-49 greenstone 75 7.4 950 -
" 79 7.6 1000 -
90 .0 1326 <1
* _umhos/cm
Source: Golder (1977)
o
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Shallow Groundwater

Shallow groundwater in the proposed mine area is of the calcium-
magnesium bicarbonate type and strongly resembles Hat Creek
water with high Tevels of calcium, magnesium, total hardness,
and alkalinity., The calcium to sodium ratio is high, while
filterable residue and specific conductance are relatively low.
Shallow groundwater is suitable for drinking and irrigation
(Beak, 1978).

Surficial Groundwater

Groundwater in the surficial limestone is of the calcium-magnes-
ium bicarbonate type and is similar to Hat Ctéek water. Surfi-
cial limestone water is also suitable for drinking and irriga-
tion. Intermediate catcium:sodium ratio, filterable residue,
and specific conductance are slightly elevated compared to that
recorded for shallow groundwaters.

Groundwater flow to Hat Creek along the 1ength of the valley is
estimated to be approximately 284-568 m /day per kilometre.
Potential groundwater flows for Houth and Medicine creek basins
are estimated at 261 and 350 m3/day, respectively. Reg%onal
flow in the vicinity of the mine is estimated at 2054 m°/day
for Marble Canyon (Beak, 1978). Regional flow within the
va]]ey a11uv1um, and the buried preglacial valley is estimated
to be 2592 m /day (Golder Associates, 1978}. The extent of
the burijed valley is unknown at present but discharge from it
is considered 1ikely to seep through alluvium and enter Hat
Creek.

Groundwater Origins

Isotopic composition of groundwaters (deuterium, tritium, and
oxygen-18) and hydrogeochemical patterns provide an indication
of water origin within the proposed mine area (Table 3-13).
Present data indicate that the groundwater is derived from
precipitation and that standing surface waters and small
streams are evaporijtic.
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Tritium analysis of groundwaters sampled shows that they are
in the range of 16 to 25 years of age {Beak, 1978).

Water Tables

Water table variation in the vicinity of the proposed pit and
Medicine Creek area has been recorded monthly since November
1976 in 12 piezometers. Based on present data {recorded during
an abnormally dry summer) the maximum annual fluctuation of
piezometer heads in recharge zones is estimated at 3-10 m.

In the discharge area near Hat Creek, fluctuations are con-
trolled by creek level and maximum variation is reported at

1-2 m (Beak, 1978).

Bedrock Groundwater

Considerable variations in deep bedrock water quality occur
with 1ithology and depth.

Groundwater from greenstones and shales in the Medicine Creek
area is of the calcium-magnesium bicarbonate type. High con-
centrations of calcium, magnesium, and strontium are present.
The calcium:sodium ratio is low but specific conductance is
high. Below a depth of 58 m, water in contact with shale is
sodic and has high specific conductance. Further data are
required to determine whether groundwater from shales and
greenstones is suitable for drinking and irrigation.

Groundwater contacting claystones and coal is of the sodium
bicarbonate type and is characterized by a low calcium:sodium
ratio and high filterable residue and specific conductance.
Elevated sodium, sulphate, vanadium, specific conductance, and
alkalinity are also evident. Water quality from Drill Hole
RH-76-19 (claystones) may represent the most probable "worst
case" composition for groundwater in the open pit (Beak, 1978}
(refer Table 3-14),
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Unique Samples

Wells 1, 2, and 3 (Table 3-14, Figure 3-8) were established in
the mine area during the summer of 1977 as part of a bulk coal
sampling program, Analyses of Wells 1 and 2 indicate that the
groundwater is similar to that of nearby alluvial waters and
that its origin is most probably Hat Creek. Groundwater from
Well 3 is evaporitic and contains high levels of sodium and
sulphate. Dry Lake, an evaporitic slough near Well 3, is
believed to be similar in ionic composition to Goose/Fishhook
Lake (see Table 3-11),

Summar

Surficial groundwater is suitable for drinking and irrigation
but suitability of deep bedrock groundwater may vary with
lithology and depth. Sulphate concentrations were slightly

elevated compared to PCB level A objectives for most ground-
water samples.
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3.3  AQUATIC RESOURCES

Hat Creek exhibits a variety of characteristics with respect

to stream morphology, flow rate, and type of aquatic habitat.
The width of the streambed varies from 1,5 m at the headwaters
to approximately 9.0 m in the Tower reaches; substrata consists
of silt and sand in the pools, ranging to boulders in the
steeper portions. In periods of average flow, stream depth
varies from 25 mm in riffle areas to 1.5 m in the deeper pools.
Banks are generally stable and vegetation is primarily decidu-
ous, consisting of grasses, shrubs, and trees.

FISHERIES

The habitat and fisheries of Hat Creek comprise two principal
units: Lower Hat Creek, in which riffles are more prevalent
and currents swifter; and Upper Hat Creek, in which pools,
fewer riffles, and slower water predominates (Beak, 1978).
Beaver dams between Lower and Upper Hat Creek appear to block
the upstream movement of fish resulting in separate, self-
sustaining populations. Adequate spawning beds and cover are
present throughout the length of Hat Creek. Field observations
(Beak, 1976 and 1977) indicate that tributaries to Hat Creek
provided only minimal fish habitat by comparison. No fish
have been recorded at Goose/Fishhook, Aleece, or Finney lakes.

With the exception of the downstream area near the mouth of

Hat Creek, rainbow trout is the only fish species present
within the proposed mine area. Population estimates for
rainbow trout within Upper and Lower Hat Creek are presented

in Table 3-16 (Beak, 1978)}. The density of rainbow trout
within the proBosed mine area has been estimated at 1.32 fish/m
or 0.38 fish/m¢ {Beak, 1976 and 1977). Spawning occurs between
mid-June and late July, when water temperatures reach 10-14°C.

STREAM BENTHOS

The benthic resources of Hat Creek appear characteristic of
clean water conditions, Principal food organisms for rainbow
trout were aquatic insects; small size fish utilized Ephemer-
optera nymphs and Diptera larvae particularly, while Trichoptera
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TABLE 3-16

Population Estimates by Length Interval (mm) for Rainbow Trout

Hat Creek Project Mining Feasibility Report 1978

Month and LOWE HAT CREEK UPPER HAT CREEK
Length Interval (mm) 0 - 8.0 8.0 - 22.4 22.4 - 25.5 25.5 - 30.0 30.0 - 39.0 39.0 - 41.0+ Total
September 1976
0-100 3120 3351 319 1788 2983 258 11 819
161-150 - 393 502 139 5038 228 7552
151-200 - - 46 401 1602 17 2220
201-250 - - - 201 801 142 1144
»>250 - - - - 116 - 116
TOTAL 3120 3744 867 3781 10 540 799 72 851
June 1977
0-100 836 3715 638 499 1370 228 7346
101-150 524 979 512 1893 2165 285 6358
151-200 - 589 185 398 1370 484 3023
201-250 - 192 - 298 225 142 957
>250 - - - 98 - - 98
TOTAL 1360 5472 1395 3286 5130 1139 17 782
August 1977
0-100 330 1567 465 1883 1498 260 6003
101-150 4430 2350 465 28477 2189 - 7921
151-200 110 783 185 1283 1728 - 4089
201-250 - 196 94 297 345 - 932
250 - - - - - - -
TOTAL 880 4896 1209 5940 5760 260 18 345

* Kilometres from Hat Creek - Bonaparte River confluence

Source: Beak, 1978




larvae and Plecoptera nymphs were more jmportant to larger

size fish. Drift organisms such as Hymenoptera and Coleoptera
were found to be an important food source for larger trout
during the months of June and August. Adequate food resources,
indicated by the good condition of fish sampled, and the
variety of organisms present in stomach contents indicate that
the rainbow trout are successfully utilizing foods available

to them (Beak, 1978).

The diversity and abundance of benthic organisms provide an
indication of an area's ability to sustain a greater fishery
resource. Lower Hat Creek appeared to be consistently higher
in benthic organisms than either Upper Hat Creek or the Bona-
parte River. In addition, variance over time was minimal in
Lower Hat Creek, indicating a stable biological community.

Up to a threshold level, this portion of the stream would
therefore be able to withstand a higher degree of stress than
Upper Hat Creek.
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3.4 LAND CAPABILITY AND PRESENT USE

AGRICULTURE

341.1 Productivity

Production of irrigated hay and livestock on natural rangeland
are currently the only agricultural uses of land within the
proposed mine area. Irrigated hay land occupies 46.5 ha or
2.4% of the proposed mine area and crops consist primarily of
alfalfa, timothy, orchardgrass, and bromegrass, with yields
ranging from 4.5-11.2 t/ha (CBRC, 1978).

Native rangeland (land rated as grazing capability classes G-2,
G-3, and G-4) occupies 1255 ha or 65% of the proposed mine area.
Preferred range species include bluebunch, crested, western,

and bearded wheatgrass; Kentucky bluegrass; timothy; red top;
white clover; sage; and pea-vine. Productivity ranges from
280-1120 kg/ha {CBRC, 1978).

Crown grazing permits are issued annually based on range area,
carrying capacity, livestock numbers, and grazing duration
expressed in hectares per animal-unit-month (AUM). The mine
area includes portions of four grazing permits.

Highly productive Kentucky bluegrass rangeland, with carrying
capacity greater than 0.4 ha/AUM/yr, predominates in the
Medicine Creek area. At lower elevations, Bunchgrass-Kentucky
bluegrass range supports a carrying capacity of 0.8 ha/AUM/yr,
while Douglas fir-Pinegrass at higher elevations supports a
reduced carrying capacity of 2-2.9 ha/AUM/yr. Cattle numbers
within the mine area vary considerably throughout the year but
may approach 1500 to 1800 head in peak periods. These figures
reflect cattle "usage" of the overall Upper Hat Creek Valley.

Approximately 1408 ha or 73% of the proposed mine area is
located within a provincial Agricultural Land Reserve.

The present agricultural use within the mine area is summarized
in Table 3-17.
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TABLE 3-17

Present Agricultural Use of Lands
in the Proposed Mine Area*+
Hat Creek Project Mining Feasibility Report 1978

FARM UNIT NUMBER

Land Use Parameters 4 5 6 7 Total
1. Tenure
Private (ha) 651 4973 2037 199 10 160
Lease {ha) 3811 9267 4955 772 18 805
Total 4462 14 240 6992 971
2. Use
Private and Lease Land
irrigated (ha) 187 603 432 165 1437
rangeland (ha) 4275 13 637 6560 741 27 463
Other Crown land
grazing permit (ha) 4049 12 658 25 915 4121 46 743
permit use (AUM/yr) 638 3360 2780 533 7604
3. Livestock
Cattle on Permit Land
from permit
information 150 980 580 160 1920
from discussions
with ranchers 800 800 225 1885

* Data represent total farm units which mine area disturbs or

influences. Farm units extend beyond the area of mine

operations.

+ Source: CBRC, 1978
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341.,2 Capability

Canada Land Inventory (CLI) capability maps for agriculture

were used to evaluate potentials and Timitations of the soils
and climate of the mine area for agricultural use (Figure 3-10),
The CLT classification describes the range of possible crops
which may be grown without consideration of economic constraints.

High capability agricultural land (Soil Capability for Agricul-
ture Classes 1 to 3) comprises 22% of the proposed mine area.
Approximately 428 ha are theoretically capable of producing a
fairly wide range of regional crops under good management
practices (Soil Capability for Agriculture Classes 3 and 4).
Lands suitable only for production of perennial forage crops
(Soil Capability for Agriculture Classes 5 and 6) comprise

248 ha of the total mine area,

Class G-2, G-3, and G-4 grazing land comprise approximately
43, 20, and 2% of the proposed mine area and have potential
productivity of 560-1120 kg/ha, 280-560 kg/ha, and 140-280 kg/ha,

respectively.

WILDLIFE

342.1 Wildlife Habitat

Witdlife habitat throughout the region has been classified
according to vegetation associations (Tera, 1978). Ten

distinct habitats were mapped within the proposed mine area

and correlated with vegetation associations (refer to Table 3-18
and Figure 3-11). Although the Douglas-fir/pinegrass habitat
occupies the largest area within the mine area, approximately
611 ha, the most productive and diverse habitat for wildlife

is generally the riparian habitat which occupies approximately
51 ha.

Wetlands, located primarily to the west of Hat Creek, occupy
about 190 ha. Although small in area, they represent a signi-
ficant resource to the local region, and are rated under the
Canada Land Inventory system as having a high capability
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FIGURE 3-10

Legend
Capability for Agriculture

S0IL CAPABILITY FOR AGRICULTURE

CLASSES:

1

CLASSES:

G-1

G-2

G-5

No sianificant Timitations in use for crops.
Moderate limitation that restrict the range of crops or reguire moderate conservation practices.

Moderately severe Yimitations that restrict the range of crops or require special conservation
practices.

Severe limitations that restrict the range of crops or require special conservation practices or
both.

Yery severe linitations that restrict capability te produce perennial forage crops. Improvement
practices are feasible.

Capable only o producing perennial forage crops, Improvement practices are not feasible.

No important limitations.*
Productivity is usually over 1120 kg/ha,

Slight limitations.*
Productivity 560 - 1120 kg/ha.

Moderate limitations.*
Productivity 280 - 580 kg/ha,

Moderately severe limitations.*
Productivity 140 - 28 kg/ha.

Severe limitations.*
Productivity 0 - 140 kg/ha.

* .., to the growth of native forage olants.

CLIMATE CAPABILITY FOR AGRICULTURE

CLASSES:

1

Capable of producing the very widest range of vegetables, cereal grains, forages, berry fruits,
and numerous soecialty crops. 5011 and ¢limate are optimum.

Capable of producing a wide range of repicnal crops as above with some differences in variety
due to minor restrictions of soils or climate.

Capable of producing a fairly wide range of regional crops under good management practices.
S0ils and climate are somewhat restrictive.

Capable of a restricted range of regional crops such as hardy cereal grains, hardy vegetables,
and farages. Sofls and climate demand special management practices.

Capable of producing perennial forage crops only. Soils and climate severely restrict land
capability.

Natural rangeland. 50175 and c¢limate preclude cultivation

No agricultural capability.
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TABLE 3-38

Kildlife Habitat
Hat Creek Project Mining Feasibility Report 1978

Habitat Within the

Habitat Vegetation Association Proposed Mine Area
{ha)
Engelmann spruce - Engelmann spruce - grouseberry
lodgepoie pine forest . - white rhododendron

Engelmann spruce - grouseberry

Engglmann spruce - Subalpine-
1r - grouseberry None

Engelmann spruce - grouseberry
- pinegrass

Engelmann spruce - horsetail
Douglas-fir/pinegrass Some seral stages within
Engelmann spruce - grouseberry

Some seral stages within
Engelmann spruce - Subalpine-
Fir - grouseberry

Some seral stages within
Engelmann spruce - grouseberry
- pinegrass 611

Douglas-fir - spirea - bearberry
Douglas-fir - pinegrass

Douglas-fir - bunchgrass
- pinegrass

Douglas-fir - bunchgrass (a few
mature, closed canopy stands)

Ponderosa pine - Douglas-fir/ Some seral stages within
bunchgrass Douglas-fir - bunchgrass -
pinegrass
Most seral stages within 50%

Douglas-fir - bunchgrass
Ponderosa pine - bunchgrass

Aspen Spme forest types within
Douglas-fir - pinegrass
Some forest types within 36
Douglas-fir - pinegrass -
bunchgrass
Riparian Riparian 51
Open Range - Mid Kentucky bluegrass 111
elevation grassland
Open Range - Low Bunchgrass - Kentucky 24
elevation grassland bluegrass
Open Range - Sagebrush Sagebrush - bluebunch wheatgrass 548
Bog Willow - Sedge Beg - Engelmann 6
spruce - horsetail
Rock Qutcrop - 39

Total Habitat = 1831 ha

Source: Tera (1978)
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(Class 1, 2, 3, or 3M - special migration area) for waterfowl
production. Principal limitations to the development of higher
quality wetlands and wetland vegetation appear to be water
quality, soil fertility, and overgrazing (Tera, 1978). The
distribution of wetlands within the mine area is illustrated

on Figure 3-12. Details of those wetlands which would be
disturbed by mining are summarized in Table 3-19, Physical
characteristics of selected ponds within the proposed open pit
are presented in Table 3-20. The wetlands of Upper Hat Creek
Valley, and particularly the western portion of the proposed
mine area, are considered to have well interspersed nesting

and brooding areas, but relatively low production when compared
to their estimated potential capability (Tera, 1978).

342.2 Wildlife Resources

No significant concentrations of any rare or endangered wild-
life species are known to occur within the mine area (Tera, 1978).

The Upper Hat Creek Valley is considered peripheral to the zone
of abundance for reptiles. Only three reptiles (garter, rubber
boa, and blue racer snakes) are expected to inhabitat the pro-
posed mine area.

Similarly, few species of amphibians (western toad, long toed
salamander, and spotted frog) are present, although their
numbers are substantially greater due to favourabie habitat.

There are estimated to be approximately 250 breeding pairs of
waterfowl utilizing the wetlands of Upper Hat Creek Valley
(total including mine area). The area is thought to represent
the highest waterfowl production within an 80 km radius. Up-
land game bird species in the valley are limited to ruffed and
blue grouse, mourning dove, and common snipe. Populations are
Tow, with the result that most sport hunting for upland birds
takes place outside of the Hat Creek area. With its diverse
avifauna, Hat Creek has an excellent potential for bird
watching; this is presently under-utilized, however, due to
1imited access. Riparian and aspen habitats have the greatest
numbers of unigue species as well as the greatest diversity of
avifauna.
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TABLE 3-19

Summary of Wetlands
Within the Proposed Mine Area

Hat Creek Project Mining Feasibility Report 1978

Wetland Type Number*
Riparian Zone N/A +
Ephemeral (wetland zone) N/A + +
Ephemeral ponds 8
Intermittent ponds 1
Semi Permanent ponds 10
Permanent ponds (edge vegetation}) 8
Perﬁanent ponds (no edge vegetation) 5
Alkaline bog none

* Majority of wetlands occupy less than .2 ha.
4+ Riparian Zone estimated to be 120 ha.
+ + Ephemeral wetland zone estimated to be 65 ha.

Source: Tera (1978)
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TABLE 3-20

Physical Parameters of Selected Sample Ponds
Within the Proposed Open Pit Area
Hat Creek Project Mining Feasibility Report 1978
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7 6.5 430 Permanent moderate: Border plus emergent
B,E,F patches of v, some
W,Y,2
7 7 497 Fermanent tots: 4,D,F Border of U,W
small patch of x,7Y,Z
7 7 573 Semi- nothing Narrow border of U,V
: permanent 80% w; some Y,Z
7 7 1040 Temporary moderate: 50% cover of T
BE,C,E

* Invertebrates
A freshwater clams
B gastropods
copepods
Amphipods
Dipteran larvae
Amphibian larvae
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** Vegetation

Baltic rush
Hood's sedge
Foxtail barley
Duckweed
Cattail
Submergents
Algae
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Source: Tera (1978)
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There js a scarcity of small mammals and furbearers in the
area, with the largest numbers concentrated in riparian habitat.
At present there are no registered traplines within the valley.
Ungulate species are limited to mule deer and moose, and popu-
Tations are relatively low with principal habitat located in
the Medicine Creek and Anderson Creek watersheds. The northern
end of Upper Hat Creek Valley is believed to provide wintering
habjtat for mule deer, The Canada Land Inventory Capability
for Ungulates has rated most land in the mine area as Class 4
(moderate limitations to production).

MINERAL AND PETROLEUM RESOURCES

Mineral resources which may be buried or alienated by the
proposed mine include aggregate (sand and gravel) and Timestone
deposits. The impact of burying 360 million tonnes of Time-
stone under waste dumps is considered minimal due to the large
reserves of limestone which are found in the adjacent Marble
Canyon Formation {McCullough, 1978). Aggregate excavated
during mining may be stockpiled for future use in highway
maintenance and construction.

Clay, burned claystone, and coaly waste could also be produced
as by-products of the mine. Depending on markets, economics,
and properties of the materials, they could be used for high
temperature refractory brick, tri-calcium aluminum cement,
drilling muds, ceramic products, grog (a component of bricks},
cement, and concentrate.

FORESTRY

344,17 Resources

The mine area is composed largely of rangeland in the valley
bottom. At higher elevations mixed stands of mature, merchant-
able Douglas-fir and yellow pine occur. Allowing for a buffer
zone of 20 metres around principal mine components and assuming
that any stands occurring between components would have to be
Togged, Table 3-21 outlines the merchantable timber volume by
species within the proposed mine area.
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TABLE 3-21

Site Specific Study Area; Merchantable
Yolume by Species for Mine and Related Facilities

Species Merchantable Volume
(cubic metres)

Douglas-fir 98 000
Red cedar 150
Hemlock 10
Balsam (Subalpine fir) 400
Spruce 3600
White pine 150
Lodgepole pine 1500
Yellow pine (Ponderosa Pine) 17 000
Deciduous (Aspen, Birch, 100

and Cottonwood)

TOTAL 120 310

Source: Reid Collins, 1978

As shown on Figure 3-13, the land within the mine area consists
of approximately 1114 ha of productive forest land, 805 ha of
non-forest land, and 12 ha of non-productive forest land.

Approximately 430 ha of the mine area has been logged in the
past, for the most part by selective logging methods. Of the
productive forest land, consisting primarily of mature and
immature Douglas-fir - yellow pine, age classes are generally
141-250 years {mature) and 61-80 years (immature). Height
classes for mature timber range from 20-29 m and immature
timber from 11-20 m. An average diameter breast height (dbh)
of 30 to 50 cm, combined with the above age and height classes
result in the majority of present forest resources rated as
poor quality.
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344.2  Forest Productivity

Forest productivity was mapped within the mine area on the
basis of site quality and rated as good, medium, and poor.

O0f the land within the mine area classed as forest (1126 ha},
over 90% is designated as poor site-class (Reid-Collins, 1978).
The area productivity was estimated using pure Douglas-fir
(the predominant forest species within the mine area) as the
factor for mean annual jncrement (MAI) within each site-class.
Total annual increment (TAI), the theoretical amount of wood
that the area could supply, is determined by multiplying the
given area of a site-class and the representative mean annual
increment. The mine area is estimated to contain a total
annual increment of 1137 m3. Forest productivity of the mine
area is summarized below:

Site Class Area (ha) MAI (mS/ha) TAI (md)

Good 2, 3.6 7.2
Medium 26, 1.7 44 .2
Poor 1086. 1.0 1086
1114. ha M37 w
RECREATION

345.1 Present Use

Recreational activities within the mine area consist primarily
of fishing, hunting, backroad travel, and sightseeing. These
activities are estimated to account for approximately 2600
activity days spent annually in the general mine and plant
area (ESCLEC, 1978). Angling is estimated to account for 1500
activity days, followed by hunting for 850 activity days.

The Upper Hat Creek Valley contains no recreation reserves nor
identifiable plans for construction of facilities., Most re-
creation is limited by restricted access (private agricultural
land). On a regional basis the valley contains no spectacular
or above-average recreational resources.
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With no permanent facilities or developments present in the

mine area, recreation activity depends on the influence of
season and climate,

345,2  Capability

The Canada Land Inventory Recreation Capability maps rate the

mine area primarily as Class 5 (low capability), with a small

pocket of Class 4 {moderate). Potential recreation activities
include fishing, hunting, sightseeing, and bird-watching.
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3.5  WATER USE

351  GROUNDWATER

Five domestic wells are sjtuated within the proposed mine area
and all are located within the boundary of the open pit (refer
Figure 3-8 and Table 3-14)., Well depths range from less than

T to 5m Well flow rates range from less than 1.5 to 10 m®/day
and are generally developed from shallow springs located in
impermeable glacial ti11 or Hat Creek alluvium.

The principal use of water in the area is for residential
supplies, although a minor amount is used for irrigation.

352  SURFACE WATERS

352.1  Irrigation

Irrigation water license data for the mine area and Hat Creek
downstream of the mine are summarized in Table 3-22.

Of the 1050 ha-m of water licensed for withdrawal from the
total Hat Creek watershed, the mine area accounts for 28%
(296 ha-m) and downstream areas approximately 18% (188 ha-m).

Theoretical calculations {Beak, 1978) of irrigation water use,
based on climate, soil, crop, and irrigation system character-
istics indicate that irrigation licenses are presently fully
utilized, Details provided in Table 3-23 below illustrate the
comparison between analyses of licenses and predicted use.
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TABLE 3-22

Irrigation Water License Data
for Hat Creek Area

Location of Diversion Irrigation License
Number of Water Quantity Land Area
Licenses {ha-m)
Region I  (Downstream of
Mine Area)
Hat Creek 2 165 (37)*
Gallagher Creek 1 11
Robertson Creek 2 12
Total 5 188 (37)* 205 (40)*
Region II (Mine Area)
Hat Creek 4 21
Lloyd (Houth) Creek 1 11
Medicine Creek 5 236 (224)*
Finney Creek 2 24
Anderson Creek - -
Ambusten Creek** 1 4
Total 13 296 (224)* 346 (318)

* ysed outside of Hat Creek watershed
** fully recorded

Source: CBRC (1978)

3-67



TABLE 3-23

Comparison of Water Use Estimates

Water License Analysis Water Use Model
Region Water Quantity (ha-m) Water Quantity (ha-m)
I (Downstream} 151 143
II {Mine Area) 72 81
Irrigated Land (ha) Irrigated Land (ha)
I {Downstream) 165 210
IT (Mine Area) 128 128

Source: Beak, 1978

An estimate of present irrigation water use within the mine
area, using land areas classed by aerial photograph interpreta-
tion, is shown in Table 3-24. Upland soils used for pasture
and improved by ditch irrigation are the largest consumer of
irrigation waters.

352.2 Livestock

Based on the maximum number of cattle within the overall mine
area at any one time, i.e., 1880 animals (CBRC, 1978), and
assuming a daily rate of water consumption of 0,033 méfday, the
total daily water consumption by livestock is estimated to be
in the order of 62 m3/day or 2.3 x 104 m3 annually. This
represents less than 1% of the total water presently used for
irrigation within the mine area (1050 ha-m). As consumption
would vary seasonally, this consumption estimate is undoubtedly
high; however, due to Timited data, it is considered acceptable
for working purposes.
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TABLE 3-24

Estimate of Present Irrigation Water Use in Region II
(Proposed Mine Area)
Hat Creek Project Mining Feasibility Report 1978

Soil Group

IRRIGATION METHOD AND_CROP_TYPE

Sprinkler-Hay Ditch-Hay Ditch-Pasture Total
Water Water Water Water
Area Volume Area VYolume Area  Yolume Area Volume

{ha) (ha-m) (ha) {ha-m) (ha) (ha-m) (ha) {ha-m)

Floodplain Sails 16 7 - - - - 16 7
Upland Soils 18 11 35 23 59 40 112 74
Total 34 18 35 23 59 40 128 81
________ AVERAGE SEASONAL DISTRIBUTION (ha-m) ________
May une July Rugust™ ~ September Total
12 15 25 20 9 81
Source:

Beak, 1978
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352,3 Domestic and Municipal

Within the mine area a total of 4.5 m3/day of water is licensed
(two 1icenses) for withdrawal for domestic purposes from Hat
Creek and i1ts tributaries. Downstream, between the mine area
and the mouth of Hat Creek, a total of 34 m3/day is licensed
(six licenses) for withdrawal.

DOWNSTREAM FISHERIES REQUIREMENTS

Minimum fiow requirements for fisheries resources downstream of
the proposed mine area have been calculated (Beak, 1978) on the
basis of habitat requirements. These estimates are outlined
below: '

Base flow period (October to March) ................ .21 mg/s
Base flow period (April to September) .............. .28 m3/s
Flushing flows (for two week duration .............. 1.42 m“/s

during May-dJune)

These flows are belijeved adeguate to preserve present habitat
downstream of the mine area in good to excellent condition and
thereby support similar numbers of fish.
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3.6 COMMUNITY FEATURES

HERITAGE RESOURCES

361.1 Prehistoric

The Upper Hat Creek Valley was part of the hunting territory of
the Spences Bridge Band of the Upper Thompson Indian population.
Their prime activity centred locally on fishing and hunting and
their Tiving pattern was semi-nomadic in character. Although
use of the area has not yet been researched or documented in
great detail, the data indicate that activity in Upper Hat

Creek Valiey was concentrated in the Early Nesikep Period

(5000 to 8000 B.C.).

Field investigations of potential archeological sites place the
majority of resources within the grassland areas as opposed to
the forested areas {(approximately three times as manyg. Sites
uncovered to date are of two principal types: Tlithic scatter
and cultural depression (processing pits). Estimates based on
preliminary field results place the potential number of archeo-
logical sites within the Upper Hat Creek Valley area at 963.
Predicted numbers of sites within the proposed mine area are
listed on Table 3-25 {Pokotylo and Beirne, 1978). Houth
Meadows appears to have the greatest frequency of sites and
also those of larger size.

361.2 Historic

European entrance to the local area was initially transitory in
nature, and occurred with the establishment of the fur trading
routes around the year 1812. Upper Hat Creek Valley was utilized
for grazing land, although no settlements were established until
the 1880's. Homesteaders then settled in the valley and set up
a sawmill and small coal mine operation. Production of root
crops and hay together with resident cattle operations occurred
with the establishment of the China Ranch in Upper Hat Creek
Valley in the early 1900's. By 1920 all available homestead
land was used and land use focussed on mixed farming and
ranching; these activities have continued through to present
times.
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TABLE 3-25

Known and Predicted Cultural Heritage Resources
in the Proposed Development Zones
Hat Creek Project Mining Feasibility Report 1978

Proposed Estimated # of Estimated Other Known
Development Surficial Sites Total S}te Cultural Heritage
Zone in Zones Area (m%) Resources
Medicine Creek* 18.2 5151
~ Waste Dump
Medicine Creek 18.2 800 Source for vitreous
Offsite Areas basalt (Trachyte
Hills - western scarp)
Openpit 158.3 73 556 source for polien
cores (Finney Lake)
Houth Meadows 71.7 88 196
Waste Dump
Hat Creek Diver- 12.0 5372

sion Reservoir

* These figures may be underestimates since the proposed
development area(s) have been expanded since the
completion of the 1977 survey.

Source: Pokotylo and Beirne, 1978,
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SOCTO-ECONOMIC BASE

Cattle ranching is the principal economic activity in the
Upper Hat Creek Valley. Within the proposed mine area,
portions of Crown range involving four ranch operations are
located,

Timber sale harvest licenses include portions of the mine
area at higher elevations, Mine operations would not result
in a loss of potential timber harvest but would delay
restocking.

AESTHETICS

Evaluation of the aesthetic or visual quality of an area is
based on the parameters of variety, vividness, and unity of
the landscape. Within the proposed mine area visual units
identified and evaluated {Toby et al, 1978) were the Upper
Hat Creek and Medicine Creek valleys. The aesthetic quality
of Upper Hat Creek Valley has been classified as outstanding
based on the integration of man-made and natural elements
into a unified landscape. No special aesthetic features or
landscapes were identified within the Upper Hat Creek Valley
area. Due to the rolling hills which enclose the valley, it
is considered capable of absorbing changes, many of which
could be screened or integrated to the surrounding landforms
{Toby et al, 1978).

Medicine Creek Valley, classed as having a high aesthetic
quality, has similar components to Upper Hat Creek Valley but
because it is smaller in scale, its capacity to withstand
environmental change is similarly lTimited from the aesthetic
standpoint.
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3.7 OTHER

TRACE ELEMENTS

Base-1line trace element concentrations are presented in

Table 3-26 for important receptors sampled near the mine area.
Water, stream sediment, rainbow trout, soil, willow, bluebunch/
wheatgrass, lichen, and deer mouse were sampled in October 1976,
January 1977, and May 1977. Values presented represent an
average of three replicates from the described sample sites.

Potential trace element sources (coal, waste, and waste rock)
were analyzed initially for 63 elements. Twenty-one trace
elements were considered to be of potential concern at Hat
Creek. Arsenic, cadmium, chromium, copper, fluorine, lead,
mercury, vanadium, and zinc were considered of greatest
concern due to their relatively high natural concentration in
source materials and their potential for mobility and accumu-
Tation in receptors.

In natural undisturbed soils and stream sediment, arsenic,
cadmium, and fluorine concentrations are elevated. Grass
samples have elevated fluorine concentrations and small
mammals were found to contain elevated arsenic, chromium,
lead, and copper concentrations compared to normal reported
values. Chromium concentrations in fish and lead values 1in
water are relatively high compared to normal reported values.
Natural concentrations of mercury, vanadium, and zinc in
sampted receptors are similar to values reported in the
literature {(ERT, 1977).

AMBIENT NOISE

Present ambient noise levels within the proposed mine area

are less than 60 decibels. Intermittent levels of 50 to 90
decibels occur as a result of road traffic and agricultural
machinery,
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TABLE 3-26

Base-Line Trace Element Concentrations in Natural Receptors

Hat Creek Prpject Mining Feasibility Report 1978

LN RE _{epm)
Sampling Eluebunch ™~ Beer
Element Date Hater Sediment Trout Soil Willow Wheatgrass Lichen Mouse
Arsenic October 1976 «0.002 10.0 =0.43 28.33 <0.97 <1.83 1.57 <0.73
January 1977 0.0027 53.0 - 67.0 - - 2.3 -
May 1977 <0.05 42.0 2.3 61.0 <7 <7 5.0 <1.§
Cadmium October 1976 0.0032 <0.37 <0.30 <0.43 <0.33 <0.33 <0.40 <0.33
danuary 1977 <0.0713 5.0 - 9.5 - - 0.4 -
May 1977 <(.768 5.1 «0.1 5.3 1.1 <0.7 0.4 <0.15
Chromium October 1976 0.0113 61.67 9.83 154,33 1.67 8.32 9.67 3.0
January 1977 0.0167 38.0 - 44.0 - - 8.2 -
May 1977 <0.002 30.0 2.2 5.0 3.5 4.1 7.8 4.0
Copper October 1976 8.0028 26.67 4.67 58.33 31.33 13.67 9.67 11.67
January 1977 0.0057 48.0 - 21.0 - - 29.0 -
May 1977 <0.01 28.0 1.6 28.0 7.9 7.8 10.0 7.5
Fluarine October 1976 - 202.0 74.33 <A6h &7 110.67 24.49 157.0 153.0
January 1977 ©.370 455.0 - 36.0 - - 100.0 -
May 1977 0.15 260.0 14.0 90.0 26.0 1360.0 1.0 24.0
'
Lead October 1976 0.005367 <4.33 <2.00 7.67 10.00 <21.87 53.33 <2.50
January 1977 <0.08 <2 - “Z - - a5 -
May 1977 <0.C5 <3 1.6 <3 2.6 q.1 3.6 1.5
Mercury October 1976 <0.0301 0.6 <0.08 0.07 0.10 0.12 0.2% =0.02
January 1977 <0.0301 0.1 - 0.1 - - 0.8 -
May 1977 <0.361 0.1 i.40 0.09 0.41 £.30 0.59 0.3
Vanadfum October 1976 0,028 56.3 Q.97 277.67 <017 1.60 6.00 0.27
January 1977 0.0020 51.0 - 63.0 - - 313 -
May 917 q.207 52.0 a.3 45.0 <0.3 <. 4 3.7 <0.15
Zine QOctober 1976 0.0153 42,33 a1.e7 92.33 156.67 23.33 3t.0 165.0
January 1977 0.0123 45.0 - 118.0 - - 33.0 -
May 1977 0.076 54.0 86.0 123.0 163.0 25.0 35.0 0.2
Note: 1] Means of 3 samples
2) The less than symbol (<) indicates that one or more of the replicate measurement: were below the analytical detection
limit. When such analytical data occurred, means were calcufated by ssing the detection 1imit as the concentration
and then reporting the mean with a < symbal.
3) Only water, stream sediment, soil, and Tichen were collected during January 1977.
4) Sampling Site Description
Aguatic Site (1} Hat Creek near mouth Terrestrial Site (2) Lower Hat Creek
of Anderson Creek
Elevation 915 m Elavation 750 m
$lope 1° Slope <10°
Aspeit - Aspect SW
Stream sedimemt pH 7.8 pH 8.0
CEC (weq/l00 g} 28 LEC {me.a,f]UU 11 14
0.K. (% 13 OM. (%)
Texture sandy lpam Texture Toamy sand
Source: ERT, 1977
Source: ERT, 1977
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4.1  INTRODUCTION

Studies to characterize site conditions influencing the develop-
ment of the reclamation and environmental plan are described in
Section Four. '

Based on the description of the proposed project in Section Two
and of the existing environment in Section ihree, three major
reclamation and environmental protection priorities were identi-
fied. Development of a safe pit abandonment scheme, effective
revegetation of waste dumps and disturbed land areas, and drain-
age control during and after mining.

Before developing the plan, it was necessary to define some of
the geotechnical and hydrogeological properties of the open pit,
characterize the revegetation potential of various materials
which will remain on disturbed land surfaces and in stockpiles,
and analyze the chemical and physical properties of mine drain-
age.

The results of studies undertaken to date are summarized in
Section Four and provide the basis for the plan discussed in
Section Five. Although site-specific studies were used to define
the overall approach to reciamation and environmental control,
further studies will be required in many areas to provide de-
tailed planning information.
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4.2  OQPEN PIT

After 35 years of mining, the open pit will comprise the largest
single area of land disturbance within the proposed mine area.
There is no practical way to further reduce the area of disturb-
ance or eliminate the open pit from the landscape based on cur-
rent mining plans. The reclamation and environmental protection
plan must therefore be based on long term stability of the pit
slopes and the degree to which the pit will fi11 with water.

Creation of a lake within the abandoned open pit was considered
(PD-NCB, 1977). It was assumed that as much water as possible
from the mine area would be diverted into the pit and fill it to
the 853 m level over a 26-year period.

Subsequent examination of a lake concept suggested that the water
quality and limnology may be unsatisfactory {Beak, 1978). It was
suggested that the lake would be strongly alkaline and that the
pH would probably be high due to the absence of organic matter,
the flushing action during filling of the pit, and evaporation
and concentration of dissolved constituents. The gradient of a
tuhnel or diversion would restrict fish migration between the pit
lake and Hat Creek.

On abandonment, open pit slopes are expected to fail within Tocal
areas over the short term and massive failure could be expected
over the Tong term (Golder, 1978). The nature and extent of pit
failure cannot be predicted accurately with present data but 1is
felt to be almost certain in slide areas and weak claystones, silt-
stones, and shales. Over the long term, failure is expected to
retreat to the more stable conglomerates. Faults, seepage, and
weaker materials located below surficials on the pit perimeter
will cause intermittent creeping and slumping. Surface reclama-
tion work such as resloping 45° berm angles to 26° or revegeta-
tion would not discourage failure, nor would flooding the pit to
form a lake. Landslides and waves resulting from failure in a
flooded pit could make the area unsafe and create serious down-
stream effects.

Other problems in creating a lake within the open pit included
those associated with constructing a tunnel or diversion canal

to direct pit lake outflow around the Tow-grade coal stockpile
and the main water treatment area. The potential for spontaneous
combustion of coal in an abandoned pit would not be resolved by
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a lake since flooding would take at least 26 years and would
still leave six coal berms (12 ha) exposed. As well, draining
a pit lake would add to the cost of coal if further reserves
were to be mined.

Limited data were available to develop a pit abandonment scheme.
Monitoring siope stability over the Tong term would provide more
information in order to optimize a pit abandonment scheme,
Analysis of groundwater seepage into the pit and discharge from
dewatering wells during mining should provide additional informa-
tion in order to assess the lake water quality and feasibility.

Present geotechnical and water quality data suggest that closure
of access to the pit area by fencing and minimizing water entry
into the pit by maintaining ditches and diversions is a preferred
pit abandonment scheme. Reclamation and environmental protection
aof the open pit, described in Section Five, was based on this
approach.
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4.3 REVEGETATION OF DISTURBED AREAS

Identification, segregation, and differential placement of soil
and waste materials according to suitability as plant growth
media are basic to planning an affective revegetation program
for disturbed areas. The potentiai of various soil and waste
materials as plant growth media can be assessed by analysis of
certain chemical and physical properties which influence plant
life. These include growth chamber studies and field investiga~
tions. Results of preliminary studies designed to assess the
suitability as growth media of soil and waste material exposed
during mining at Hat Creek are reported. Recommendations for
conservation of soil materials are made on the basis of present
information.

431 CHEMICAL AND PHYSICAL PROPERTIES OF SOIL AND WASTE

Soil and waste were analyzed for the chemical and physical pro-
perties considered important for placement on waste dumps and
disturbed lands and for plant growth on final surfaces. Selec-
tion was based on the following properties: pH, electrical con-
ductivity; organic matter content; available plant macronutrient
and micronutrient content; particle size, texture, cation ex-
change capacity, exchangeable cations, exchangeable sodium per-
centage; sodium adsorption ratio, saturation percentage, water-
soluble cations and anions, and trace element content. Selection
criteria are outlined in tabtle 4-1.

Waste from selected drill cores were analyzed to determine varia-
tion in pH, electrical conductivity, mineralogy, and pore fluid
chemistry with lithology and depth. Polydrill 357, an organic
polyelectrolyte, was employed as the drilling fluid.

431.1 Soils

Soils are defined as those surficial materials to the depth of
maximum plant root penetration. The surface soils {0-30 cm depth)
currently support native vegetation and are considered desirable
for conservation as surface reciamation material.

Due to a higher organic matter content, surface soils provide im-
proved nutrient content, moisture retention, and microbiological
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TABLE 4-1

Criteria for Selection of Surface Reclamation Materiais
Hat {reek Project Mining Feasibility Report 1978

Criteria

suitability(™) for
Use as a Surface

Range Rating Reclamation Material
4.5 - 5.0 very strongly acid

5.0 - 5.5 strongly acid *

5.5 -86.0 medium acid *

6.0 - 6.5 slightly acid *

6.5 - 7.5 neutral *

7.5 - B.0 mildly alkaline *

§.0 - 8.5 moderately alkaline *

§.5- 9.0 strongly alkaline

2. Electrical Conductivi tgrg
mmhos /¢

3. Sodium Adsarption Rat}'gz

4. Exchangeable Cations
Tmeny/ 1007

5. Te)gtuireq

6. .D_r_aJn_ased

3

nen to very slightly saline
slightly saline
moderately saline

[ strongly saline

Tow sodium hazard {non-sodic)

medium sodium hazard {moderately sodic)
high sodium hazard (highly sodic)

yery high sodium hazard

very 1ow
Tow
medium
high

very high

very low
Taw
medium
high

very high

oD
v A
\
oot
o

sand, loamy sand

sandy loam

Toam, siit Toam, silt

silty and sandy clay loam,
clay loam

sandy and $ilty clay, clay

heawy clay { 60%)

very Codrse
moderately coarse
medium

raderately fine

fine
very fine

rapidly drained

well drained
moderately well drained
imperfectly drained
poarly drained

very coarse

moderatety coarse - medium
medium

medium - moderately fine
fine - wery fine

L3

-

"

Sources: 1.

ERVI XY

Collins, D.N. and Wkite, W.C., 1972, The Fertilizer Handbook

U.5.0.A., 1954, Diagnosis and Improvement of Saline and Alkali So1ls, “andbook #60.
schumacher, &. 1377, Montreal Engineering Company, keephilis Overburden Investigations.
Agriculture Canada, 1974, The System of 5oil Classification for Canada
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properties compared to waste. Surface soils contain low levels
of plant available nitrogen and phosphorous (Tables 3-4, 4-2a).
Removal of vegetative cover from fine textured materials in-
creases the potential for wind erosion and dusting. However,
stabilization by weed growth occurs rapidly as a result of rem-
nant seed and plant parts. In shallow soil units removal of the
surface 30 cm mixes surface soil with subsoil materials.

Subsoils, defined as soils occurring within the plant root zone
but below a depth of 30 cm are also considered as suitable
material for surface reclamation (Table 3-4). They are low in
organic matter compared to surface soils. Subsoils of glacial

or alluvial gravels are less prone to dusting and rill erosion
than surface soils or glacial till due to their coarser textures
(Table 4-2b). Tills at lower elevations within those soil units
designated as potentially saline, may be unsuitable as a reciama-
tion material.

Potential stripping depths are indicated for specific soil units
based on depth of soil development, slope, and texture (Figure
3-3)}. Shallow soils (A and B horizons less than 15 cm), soils
on.slopes of 14° or greater, those soils developed on hummocky
terrain, bentonitic boils, or bentonitic slide debris and poten-
tially saline-alkali soil units were rejected as reclamation
material.

431.2 Waste Above Bedrock

These materials include burn zone material (burnt coal residue,
baked detrital rocks), construction material (glaciofluvial-
alluvial sands and gravels, granodiorite colluvium), hardpan
{clay rich glacial till and colluvium), and other (lacustrine
sediments, glaciofluvial deposits, slide debris).

Glaciofluvial and glacial till deposits appear to have a plant
growth potential similar to those subsoils located in the plant
root zone and defined as suitable for reclamation (Tables 3-4,
4-2a, 4-2b). Most of these wastes may be characterized as
moderately alkaline, non saline to very slightly saline, and non-
sodic (Table 4-3). Organic matter and available nitrogen and
phosphorous content are low for optimum plant growth.
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TABLE 4-2a

Selaected Chemical and Physical Properties of So0il and Waste
Hat Creek Praject Mining Feasibility Report 1978 -

Subsurface pH 0.M. Macronutrients Micronutrients
Material E.C.x 111 HZO 1:2 CaC]2 b NUS-N P X [ Mg 5 (L Tu In Te Al Mn
mmhosfem © % —eFememeeno R e e EE L L EE P PP - o e N eECET T

Soil

Topsoil A (till) < 7.4 7.1 7.0 15 40 939 A0 000 »1000 30 0.44 0.42 1.57 7.9 183.3 45.0
Topsoil B <l 7.7 7.3 3.9 36 29 493 9795 »1000 13.4 0.60 0.67 2.75 15.6 373.5 103.5

{outwash}

Waste Above Bearack

Alluvium B <1 B.2 7.5 a.9 4 17 1585 5344 655 10.6 0.26 0.66 1.2z w0.2 76.3 61.0
Glaciofluvial A <4 8.0 7.6 1.7 5 11 378 8926 =1000 19.4 0.12 0.10 0.05 <5 15.0 17.¢
Medicine Creek < 8.2 7.6 1.2 2 10 348 8221 1000 »30 0.14 0.31 .15 0.2 0.2 34,1

glacial till

Colluvium A L3 8.4 8.4 0.6 k| 7 216 9927 1000 =30 1.91 0.3 .10 35.6 25.5 9.2
Bedrack Haste

Bentonitic clay k] 7.4 7.5 0.9 5 10 982 9059 1000 =30 0.25 4.62 4.78 122.1 90.3 58.4
Baked clay 3 7.7 7.6 0.8 2 12 BOY 9370 1000 30 0,228 0.31 0.63 <6 408.5 30.4
Coaly waste 3 4.8 4.7 > 30 e 17 &9 4432 »1000 30 4.01 1.97 16.5 730.3 533.1 45.9
Carbanaceous 3 4.2 4.2 »30 96 1& 235 5965 =»1000 =30 2.57 0.43 3.47  32.6 1248 22.8

shale

Gritstone 3 8,0 7.7 0.8 122 s42 3593 1000 30 0.14 13.4 12.3 3.4 770 5.6

* E.C, {Electrical conductivity} - is directly related to the concentration of soluble salts in solution. EC of saturation extracts,
expressed as millimhes per centimetre (mmhos/cm) at 25°C is used for appraising the effect of
salinity on plant growth.

+* Hot-water soluble boron {plant available boron content].

*44  pp2M - equivalent to pounds per acre - € dnch depth

Note: & and B indicate origin of samples from bulk sample trenches.

Source: Acres {1978}

TABLE 4-2b
Selected Chemical and Physical Properties of Soil and Waste

Hat Creek Project Mining Feasibility Report 1874

_ Exchangeable Cations
Ca M K Na

Subsurface 0 C.E.C.* E.5.P.%* Sand 311t Clay Texture

Material B L FA D I L e e T o mmmmmr oo

Soil

Topsoil A {till] 375 13.3 1.8 0.3 9.02 40.8 0.7 32 39 29 clay Toam

Topseil B [outwash} 30.4 1.2 4.8 0.3 0.02 29.2 1.0 42 35 23 Toam

Waste Above Bedrock

Alluvium B 12.3 2.7 0.3 0.2 0.01 na 1.8 L] 19 6 sqndy Toam

Glaciofluvial A 25.8 6.2 0.5 0.4 6.02 16.4 0.1 3z 61 ? silt Toam

Medicine Creek 0.5 5.0 0.4 0.3 0.02 13.0 0.2 49 29- 22 1oam
glacial tili

Colluyium & 328 13.7 0.3 1.9 0.08 9.4 19.9 48 21 n sandy clay loam

Bedrock Waste

Bentonitic clay 28.9 145 1.8 12.9 - 45.4 28.5 22 34 a4 clay

Baked clay 31.6 13.4 1.8 2.2 0.24 31.6 f.5 50 44 6 sandy loam

foaly waste 24.7 161 1.7 1.0 0.02 €0.8 1.6 4 30 56 clay

Carbanaceous shale 26.8 137 0.5 0.6 0.01 BE.4 0.7 - - - -

Gritstone 9.4 3.2 1.2 3.3 0.01 21.1 15.6 43 33 24 Toam

* C(.E.C. (cation-exchange capacity} - the total quantity of cations which a soil can adsorb by cation exchange
«* £,5.p. {Exchangeable-sodium-percentage) - degree of saturation of the soil exchange complex with sodjum,
caleutated BY  ggp - fychangeable sodium x 100
CEC

**% meq/100 g - milliequivatent of an ion in 100 grams of solids.

Source: Acres (1978}
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TABLE 4-1

Salinity of Waste Letermined from a Saturation Fxtragt

Hat Creek Project Mining feasibility Heport 1978

Subsurface
Material

Waste Apove Bedrock

51ide debris
Colluvium & {till}
Glacial tiNl
{Medicine Creek)
Glacial till (1
Glaciofluvial sand
snd gravel
Ailuvial gravel B
Glacial gravels

Bedrock Waste

Bentonitic clay
Baked clay

Coaly waste
Carbonaceous shale
Low grade coal
Waste (1)

Waste {2}
Gritstone
Composite Waste

Cations Anions
SAR* Spxw EC pH Boron***
E) mmhos /om pom
7. h2.2 4.2 7.5 13.52 15.13  26.74  0.42 42.89 2.13  0.9%5 <0.05
4.3 19.3 9.2 7.8 2.5 94.57 29.91 ©.48 187.38 1.37 1.70 <0.05
0.7 30.3 a.6 7.9 3.87 1.96 1.25  0.15 1.77 0.33  2.4% 0.05%
0.9 i0.2 Q.4 8.1 1.3 1.03 .83 0.06 «0.42 0.28 ND 0.G2
0.4 20.9 O] 7.5 2.90 1.39 0.52 0.1 3,75 0.32 0.74 Q.02
0.5 21.3 0.4 8.1 2.80 1.03 0.0 0.10 .42 0.25 ND Q.12
0.8 27.2 J.9 7.7 6.19 3.9 .1 012 9.70 D0.34 L1l G.02
9.8 137.7 2.8 7.9 5.79 3.91  21.52 0.8] 3. 1.38 ND 1.75
2.2 31.6 3.4 7.7 25.24 14.64 9.78  0.57 39.97  3.67 0.57 <0.0%
1.0 40.9 4.2 7.3 25.54 28.78 5.0 1.48 64.54 0.80 0.3} 1.70
0.5 39.3 31 5.0 30.24 16.04 2.26 D.19 37.47 0.32 0.09 0.05
20.1 43.6 2.2 8.7 1.258 1.03  21.52 D0.47 12.91  1.07 ND «<0.05
1.9 £2.4 0.7 8.3 0.56 0. .97 0.14 1.87  1.20 NG <0.02
24.9 49.4 1.9 8.7 Q.87 0.29 18.91 0.29 12.22  0.72 KD U.05%
6.1 51.6 2.8 8.1 9.18 .09 17.39 1.14 30.33  0.25 ND <0.05
16.2 48.8 2.2 2.5 2.19 113 20.8/  0.41 1z.08 1.72 ND <0.05

NO - not determined

S.P.

reactions with s0il which is in equilibrium with the soil soluticn.

are expressed in meq/L solution

SAR

Values greater than 80 indicate high guantities of adsorbed sodium.

meg/L - milliequivalent of an ion in one litre of solution

Rote:

(n
(2]

Source:

B.C. Research {1978)

Composite sample selected by Golder {1978).
Composite sample selected by Acres

{1978).

4-8

Water soluble bargn determined in an extract from a saturated paste.

5.4 R {Sodium-Adsorption-Ratie) - an empirical ratio used to express the relative activity of sodium ions in exchange

lonic concentrations

[Saturation percentage) - the moisture percentage of a saturated soil pasie expressed on a dry-weight basis.




431.3 ‘Low-Grade Coal and Bedrock Waste

The low-grade coal (3000 to 4000 Btu), carbonaceous shale, ben-
tonitic clays, baked clay, and coaly waste {clay rich coals less
than 3000 Btu) materials exhibit a wide range of chemical charac-
teristics and plant growth potential. Low-grade coal is highly
sodic, slightly saline and strongly alkaline (Table 4-3). Car-
bonaceous shales and coaly waste in contrast are strongly acidic,
slightly saline, and have low sodium content (Table 4-2a).

Boron concentrations of carbonaceous shale and coaly waste are
elevated to levels which may affect growth of boron-sensitive
plant species.

Low-grade coal, coaly waste, and carbonaceous shale have dark
colour which may result in high surface soil temperature seed-
1ing dieback {(refer Section 453}.

Bentonitic clay varies from slightly to strongly saline and is
moderately sodic. In contrast, baked clay is slightly saline
and non-sodic (Table 4-2b).

These materials are generally deficient in nitrogen and phospho-
rous {Table 4-2a).

Bedrock waste also includes siltstones, sandstones, claystones,
gritstones, shales, and other sedimentary materials lying above
coal, between seams, and below coal.

These wastes are moderately to highiy sodic, very slightly to
slightly saline, moderately to strongly alkaline, and low in or-
ganic matter, nitrogen, and phosphorous (Tables 4-2a, 4-2b).

The Coldwater Formation (refer Section 311) contains high levels
of montmorillonite clays. Other minerals include feldspar, quartz,
and siderite. Sodium is the dominant cation in most montmoril-
Tonites tested {Golder, 197/) although sufficient quantities of
magnesium, calcium, and iron were also present in some samples to
ensure that a predominantly divalent regime exists in the double
layer crystal-lattice.
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Sodium adsorbed on montmorillonite could disperse clay colloids
resulting in structural instability, development of impermeable
subsoils, and formation of a surface crust. Impermeable sub-
soils restrict root and water penetration.

A surface crust could impede seedling emergence and restrict water
infiltration increasing surface runoff and reducing plant avail-
able moisture supplies.

Sodicity is expected to increase with depth in the coal deposit
(Tables 3-15, 4-4, 4-5). The effects of mixing and dilution of
sodic bedrock waste with non-sodic waste are not known. Under
the semi-arid climatic conditions prevailing at the mine site,
there is potential for upward migration of sodium from sodic
waste into the non-sodic soil cover.

GROWTH CHAMBER STUDIES

In addition to analytical studies, growth chamber studies were
carried out to identify plant growth 1imiting factors and compare
plant growth potential of low-grade coal and waste materials.
Waste samples were selected from drill cores and bulk samples,
and composited to obtain representative growth media. Results
are summarized in Sections 432.1 and 432.2.

432.1 Barley Germination and Growth on Hat Creek Waste

Conquest barley was grown for 28 days on 11 samples of waste
with and without fertilizer (B.U. Research, 1975). Germination
and growth of barley varied with waste material as did growth
response to the addition of N, P205, and K20 (equivalent of 112
kg/ha each) (refer Table 4-6). With the exception of boulder
till, germination was satisfactory on all materials. Fertilizer
did not affect germination significantly.

Maximum barley growth without fertilizer occurred on glacial till,
boulder til1, and coal. Fertilizer increased the dry weight per
plant on all materials except sandstone and shale-siltstone.
Growth response to fertilizer in excess of 100% occurred on
boulder ti11, glaciofiuvial, and glacial till materials.



TABLE 4-4

Variation in pH and Conductivity of Waste
with Lithology and Depth
Hat Creek Project Mining Feasibility Report 1978

Depth from " -
Hole No. Lithology Surface pH EC
(m) (mmhos /cm)

76-1 silty sands and gravels 0-2.4 8.3 <]
2.4-6.0 8.8 <]

6.0-9.3 9.0 <

9.3-12.5 8.9 <]

76-13 sandy gravel 0-2.4 8.2 3
silty sands and gravels 2.4-3.6 8.6 <]

gravelly clay and silt 3.6-10.4 8.7 <l

silty sands and gravels 10.4-14.0 8.9 <]

silty sands and gravels 14.0-17.7 8.4 <}

76-127 coarse sandstone 27-30 8.6 1
76-144 carbonaceous shale 43-46 7.7 2
76-124 tuffaceous sandstone 52-55 8.6 2
76-155 shale 88-91 7.8 2
76-134 conglomerate 88-91 3.0 2
76-135 gritstone 247-250 9.1 2

* a pH exceeding 8.5 at saturation could possibly 1ndicate
SAR greater than 10, ESP greater than 15 {USDA handbook #60, 1954).

** EC = electrical conductivity

Source: Golder (1977)
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TABLE 4-5

Variation in Mineralogy and Pore Fluid Chemistry
with Lithology and Depth
Hat Creek Project Mining Feasibility Report 1978

M I N E R AL S

Montmoril- Feld- Side- Carbo- Glycol Sali-
Hole No.  Lithology Depth  Tonite . spar  Quartz rite pH  nate Retention nity Na Ca Mg C1 Fe
(m}) (%) (mg/g)  emmmmmmmoeeses giL --emmmmmmooe e
Above Coa] Measures
803 coal LA A A A - 8.7 1.7 207 1.9 0.71 0.02 0.08 - -
815 clayey 7 A Mi Mi Mi 8.6 9.3 136 3.4 1.15 0.00 ©.06 - -
siltstone
74-28 siltstone- 146 A Mi Mi - 8.7 2.0 - 6.46 2.07 0.04 0.03 1.93 0.0
sandstone
74-28 siltstone- 164 A Mo Mi - 8.6 2.7 190 3.0 1.24 0.00 0.05 0.96 0.0
sandstone
Below Coal Measures
806 sandstone 41 A Mo Mi - - 2.5 - - 1.96 - 0.78 0.03 -
808 siitstone &4 A Mi - - 9.3 2.7 185 4.6 2.13 G.60 0.49 G.24 0.74
811 siltstone 54 A Mi Mi - 5.3 2.5 243 4.2 2.10 0.00 0.63 - 0.62
818 bentonitic 9 A Mo Mi - 9.1 2.4 264 3.7 1.%9 0.00 0.14 - 0.12
clay +
congiomerate
Note; 1 A = abundant Mo = moderate Mi = minor
2 pH exceeding 8.5 indicates very strong alkalinity
3 Test results of 1% carbonate may reflect complete absence of carbonate in some samples,
4  Pore fluid chemistry results indicate relative composition of cations and chloride.
5 Glycol retention of pure montmorillenite is estimated at 250 mg/g.
Source: Golder (1977)



TRBLE 4-6

Barley Germination and Growth on Hat Lreek Waste

Hat Creek Project Mining Feasibility Report 1978

Depth from ot -
Growth Media Sul("\:\?ce Fertilized Fertilized H
1. Germinatjon {%)
2 glacial tiil 1 100 100 100 a
& glaciofluvial 21 100 100 100 a
3 boulder till 0 90 100 95 a
5 glaciefluvial 3 90 30 90 a
1 glacial till ] 80 a0 85 a
4 glacicfluvial 1-2 ) 10 80 a
10 sandstone 261-280 n 90 80 b
9 shale-siltstone 242-255 70 70 0 a
11 coal 261-280 80 60 70 b
7 glaciofluvial 27 60 20 40 ¢
8 boulder till {"Hoodoos") 0 18 40 25 ¢
86 75 M.S.
2. Aversge Dry Weight per Plant (mg}
8 boulder till ["Hoodoos") 0 1 25 13 a
5 glaciofluvial 3 3 16 10 b
3 boulder till 0 7 14 10 b
& glaciofiuvial 21 4 15 9 b
2 qglacial till 1 8 0 9 b
11 coal 261-280 7 10 B b
1 glacial till i} 4 12 8 b
7 glaciofluviai 27 3 10 6 b
4 glaciofiuvial 1-¢ ) 8 6 b
10 sandstone 261-280 5 5 5 ¢
9 shale-siltstone 242-255 5 2 3 c
5 12 *

* significant at 5% level

N.5. - not signfficant

Nete: numbers followed by the same Jetter are not significantly different

Source:

B.C. Research {1975)
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432.2 Grass, Legume, and Cereal Germination and Growth
on Waste, and Low-Grade Coal Treated with Fertilizer
and Surface 501l S

Barley, white and red clover, bromegrass, timothy, slender wheat-
grass, Kentucky biuegrass, and Canada bluegrass were grown for 6
vieeks on potential surface materials covered with 1.25 cm of soil
and fertilized soil {Acres, 1977). Germination and growth varied
with plant species, growth media, soil coverage, and with addition
of (equivalent) 55 kg/ha N, P05, and Kp0 (Tables 4-7 to 4-10),

Germination was satisfactory on waste above bedrock and IOngrade
coaly but unsatisfactory on bedrock waste (Tab]e_4ﬂ71, Cgvef1qg
waste with a 1.25 cm layer of soil improved germination significantly.

Maximum growth without soil or fertilizer occurred on waste above
bedrock. Covering waste (above bedrock) with unfertilized and
fertilized soil increased the average dry weight by 33% and 100%,
respectively (Table 4-8).

Growth on waste and low-grade coal varied significantly with both
plant species and soil-fertilizer treatment (Table 4-9). Without
a surface layer of unfertilized or fertilized soil on waste,
growth was unsatisfactory. With unfertilized and fertilized soil
layers the average dry weight was increased by 183% and 350%,
respectively. Soil amendments to Tow-grade coal increased the
average dry weight by 120% and 180% for the same treatments.

Growth response to soil and fertilizer was attributed to chemical
and physical properties of the growth media {lable 4-10). Bed-
rock waste and low-grade coal contained elevated sodium levels and
were slightly saline. MWastes above bedrock was deficient in or-
ganic matter, nitrogen, and phosphorous. In contrast to other
growth media, surface soil contained improved organic matter and
availabTe phosphorous content.

FIELD REVEGETATION STUDIES

The combined effect of prevailing climate and site conditions on
plant growth potential of mine waste can best be evaluated by field
investigations on sites using materials representative of those
requiring revegetation. During the fall of 1977 field studies
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TABLE 4-7

Grass, Legume, and Cereal Germination
on Waste and Low-Grage Coal
Hat Creek Project Mining Feasibility Report 1978

Germination (%)
Growth  Growth Media

Growth Media Plant Species Media + Soil X
*
1. Waste Above White clover v New Zealand 92 .90 9
Bedrack Barley v Hector 92 a5 88
Bromegrass v Manchar 87 87 87
Red clover v Altaswede a0 87 83
Slender wheatgrass v Revenue 48 73 60
Timothy v Climax 67 45 56
Canada bluegrass 48 58 53
73 63 MN.S.
2. Bedrogk Waste Barley 40 93 66*
Brome 10 77 43
Red clover 5 52 28
White clover 0 48 24
Timothy 7 a8 22
S5lender wheatgrass 0 45 22
Canada bluegrass 0 32 16
- T
9 55
*
3.  Low Grade Coal Red clover 68 87 77
Brome 67 87 77
Slender wheatgrass 58 92 75
Barley 70 7 73
White clover 53 33 73
Timothy 18 45 41
Canada bluegrass 10 a8 29
52 76 N.S.
* - significant at 5% Jevel N.S. - not significant X - average

Source: Acres (1978)



TABLE 4-8

Grass, Legume, and Cereal Growth
cn Waste and Low-Grade Coal

Hat Creek Project Mining Feasibility Report 1978

Average [ry Weight per Plant (mg)

Growth Madia
Growth  Growth Media + Fertilized

Growth Media Plant Species Media + Soil Soil X
:
1. Maste Above Barley 42 51 88 60
Bedrock Red clover 16 24 25 22
Brome 10 13 24 16
Timothy 12 11 21 15
Slender wheatgrass 10 13 17 13
White clover 4 8 14 9
Canada biuegrass 4 4 -« 8 5
*
14 18 28
*
2. Bedrock Waste Barley 96 118 147 120
Brome 13 24 47 28
Red clover 7 20 33 20
Slender wheatgrass 11 26 20 19
Timothy 4 14 25 14
White clover 0 12 23 12
Canada bluegrass 0 4 12 5
18 31 44
*
3. Low Grade Coal Barley 58 63 98 73
Brome 7 2} 16 15
Red clover 8 16 22 15
Slender wheatgrass 8 7 15 10
White clover 3 10 12 8
Timothy 2 B 7 6
Canada bluegrass 0 3 9 4
k3
12 18 26

* significant at 5% level

Source: Acres (1978)
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TABLE 4-9

Effect of Soil and Fertilizer on Germination and Growth
of Grasses and Legumes on Waste

Hat Creek Project Mining Feasibility Report 1978

Growth Media
Growth Growth Media + Fertilized

Media + Soil Soil X
1. Percent Germination
Waste above bedrock 70 73 - 72*
Low grade coal 49 75 - 62
Bedrock waste 4 49 - 26
X a1 66
2. Average Dry Weight per Plant (mg)
*
Bedrock Waste 6 17 27 17
Waste above bedrock 9 12 18 13
Low grade coal 5 11 14 10
% 7 13 20"

* significant at 5% level

Note: 1) Interaction between species and topsoil and fertilizer treatments are not significant
for waste rock, but are significant for waste above bedrock and coal.

2) Interaction among barley, growth media, and treatments are not significant.

Source: Acres (1978)
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TABLE 4-10

pH, Conductivity, and Available Nutrient Content of Growth Media
Hat Creek Project Mining Feasibility Report 1878

Conductivity Organic Available Nutrients {pp?M) Hot-water soluble B Extractable Na*
Growth Media mmhos / cm pH  Matter % NO3—N P K Ca Mg e eeen PPM —- - rmmsmmmmm o
Seil 0.64 8.0 26 <i 50 633 8438 > 1000 .68 176
Waste Above Bedrock 0.44 8.5 0.4 6 8 324 98679 723 0.20 72
Low grade coal 3.00 8.1 i.¢ 3 17 728 3918 - 1000 0.48 -
Bearock Waste 3.45 8.7 1.6 <1 17 615 3817 887 < 0.20 2704

* extracted by neutral 1.0 N ammonium acetate

Source: Acres (1978)



were initiated at Hat Creek on subsurface materials excavated dur-
ing the bulk coal sample program. Stockpiles, dumps, and slopes
created or constructed from excavated materials provided the oppor-
tunity to assess revegetation potential under conditions simulat-
ing waste disposal alternatives. Experimental sites representa-
tive of the Houth Meadows and Medicine Creek waste dump embankments
were also constructed (Table 4-11).

Field plots were fertitized and seeded in the fall of 1977 and
vegetation establishment was observed in April 1978. Individual
field studies and results to date are summarized.

433.1 Embankments

Experimental embankments were constructed near the proposed sites
of the Houth Meadows and Medicine Creek waste dumps (Table 4-11).
Surface materials, elevations, and slope aspects were similar to
those proposed for embankment construction. The Medicine Creek
site was constructed with glacial till. The Houth Meadows site
was constructed with glaciofiuvial material with one-half of the
embankment surface covered with 5 cm of surface soil. Embankment
slopes were constructed to simulate 16 m 1ifts at slope angles of
22, 26, and 30°. Resultant slope iengths were 41, 35, 30 m.
Twenty-two and 26° slopes simulate designed embankments. A 30°
slope angle, if demonstrated to revegetate satisfactorily, could
improve economics of waste disposal by reducing amount of embank-
ment construction material required.

A grass-legume mixture composed of crested wheatgrass {39% by seed),
Drylander alfalfa (20%), Canada bluegrass (2%) and fall rye- (39%)
was hydroseeded at 57 kg/ha on the constructed slopes on September
19-21, 1977.

Fertilizer equivalent to 33, 134, and 33-66 kg/ha of N, P205, and
K20 respectively, was applied as ammonium phosphate, ammonium
phosphate-sulphate, and muriate of potash in solution with seed,
mulch, and binder. Silvafibre mulch was applied at 2240 kg/ha with
13 kg/ha of Dowell J197 binder.

No rill erosion was evident on embankment slopes during an inspec-
tion (April 26, 1978) following spring snowmelt. Seedling emer-
gence, vegetative cover, and species composition appeared similar
on slopes of varying angle and length. Species composition con-
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TABLE 4-11

Site Characteristics of Embankment
and Waste Revegetation Plots
Hat Creek Project Mining Feasibility Report 1978

Houth Meadows Embankments

Elevation:
Aspect:
Growth Media:

Plot Size:

Medicine Creek

914 m ASL
SE

recent gravels end-dumped by truck and covering
slopes to 1 m depth

main plot: 16 mx 40 m
subplots: 8mx 40 m

Embankments

Elevation:
Aspect:
Growth Media:

Plot Size:

1006 m ASL
W

glacial till stripped of surface soil, ripped to
0.7 m depth, and compacted by bulidozer

16mx4d m

Aleece Lake Wastes

Elevation:
Aspect:
Growth Media:

Plot Size:

1067 m ASL
flat

7 materials excavated from bulk sample trenches,
spread to 1 m depth and rototilled to 15 cm depth
(sandstone, coaly waste, carbonaceous shale,
baked clay, slide debris, bentonitic clay,
glacial gravels)

main plot: 16 mx 16 m
subplot: 8mx 16 m
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sisted of fall rye (>50% of total cover), crested wheatgrass (26-
50%), Drylander alfalfa (1-5%), and Canada bluegrass (1-5%).

Covering glaciofluvial gravels on the Houth Meadows embankment
with 5 cm of surface soil introduced weeds which increased vegeta-
tive cover slightly but had no apparent effect on density of seeded
species,

433.2 Waste

Revegetation of seven potential waste materials excavated during
the bulk coal sample program was initiated during the fall 1977.
Wastes included gritstone, coal waste, carbonaceous shale, baked
clay, slide debris-colluvium, bentonitic clay, and glacial gravels.
Prior to seeding, a 5 cm layer of soil was placed over one-half
the surface of each waste material. Three grass-legume mixtures
were seeded on each type of waste (Table 4-12). Fertilizer appli-
cations were varied according to B.C. Department of Agriculture
soil test recommendations. Fertilizer and seed were incorporated
by raking following broadcast application on roto-tilled waste.

On inspection on April 26, 1978, seedling emergence was observed
to vary with growth medium and seed mixture. Emergence was im-
proved on glaciofluvial overburden relative to waste. Covering
waste with surface soil appeared to improve emergence. Seedling
density of mixture one (Table 4-12) was greater than density of
other mixtures. Some Tegume seedliings growing in waste exhibited
leaf tip chlorosis. Plant tissue analysis would be required to
evaluate the cause of chlorosis.

433.3 Drill Sites

Exploration drill sites must be revegetated as soon as possible
following completion of drilling. Prior to 1977, drill sites were
revegetated by seeding a mixture of crested wheatgrass (45%),
Manchar bromegrass (25%), Russian wildrye (10%), Ladak alfalifa
(10%), and sweet clover (10%). Drill sites seeded in fall 1977,
received a mixture of crested wheatgrass (41%), Canada bluegrass
(29%), Drylander alfalfa (26%), and fall rye (4%}. Ail sites were
fertilized with 31, 134, and 67 kg/ha of N, P205, and K20, res-
pectively. Hutrient sources included ammonium phosphate and muriate
of potash. Drill sites were harrowed before and after broadcast
application of seed and fertilizer.
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TABLE 4-12

Seed Mixtures and Fertilizer Programs Used

for Revegetation of Hat Creek Bedrock Waste
Hat Creek Project Mining Feasibility Report 1978

Seed Mixtures
Seeding Rate

Mixture Plant Species kg/ha
1 Crested wheatgrass v Nordan 22.4
Canada bluegrass 1.0

Alfalfa v Drylander 11.2
Fall rye 22.4

57
2 Russian wildrye v Sawki 22.4
Slender wheatgrass v Revenue 11.2

Sainfoin v Melrose 140.0

Sweet clover 6.7

180.5

3 Smooth bromegrass v Manchar 14.6
Streambank wheatgrass v Sodar 22.4

Canada bluegrass v Reubens 0.5
Double cut red clover 10.0
47.5

Fertilizer Programs

Nutrient Rates N Po0g K20
Growth Media ----- kg/ha ----

sandstone 33 88 0

coal waste 33 112 0

carbonaceous shale 33 112 56

baked clay 33 66 0

colluvium 33 134 56

bentonitic clay 33 134 0

glacial gravels 33 124 44

Nutrient Sources

46-0-0 urea
Po05  0-45-0 treble superphosphate
0-0-60 muriate of potash

Source: Acres {1978)
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Several drill sites were inspected on April 26, 1978. VYegetation
establishment appeared to vary with location, parent material,
area, and depth of surface soil removal. At several sites native
species invasion was progressing favourably.

433.4 Site Preparation

Disturbed land below embankment plots as well as waste dumps and
stockpiles in the vicinity of the bulk sample trenches were reve-
getated using two methods of seed and fertilizer application.
Steeper areas were hydroseeded using silvafibre mulch applied at
1344 kg/ha to retain seed on the siope surface. Flatter areas
amenable to use of agricultural equipment were harrowed using a
chain-harrow to incorporate fertilizer and seed broadcast using a
cyclone spreader.

A grass-legume mixture composed of crested wheatgrass (41% by seed),
Canada bluegrass (39%), Drylander alfalfa (26%), and fall rye (4%}
was seeded at 57 kg/ha on glacial and alluvial gravels, glacial
till, sandstone, baked clay, carbonaceous shale, and coal waste.
Fertilizer programs varied according to growth media and soil test
recommendations (Table 4-13).

Based on a qualitative examination, seedling emergence and density
varied among sites with growth media, and seeding method. Harrowed
level surfaces produced greater seedling density than hydroseeded
level surfaces. Mulch did not appear to improve energence. Seed-
Tings established in harrow furrows. Furrows remained intact on
coaly waste, carbonaceous shale, and gravels. In contrast furrows
in sodic gritstone broke down and a surface crust developed.
Seedling emergence appeared satisfactory on gravels, glacial till,
and coaly waste. Seedling density on baked clay, carbonaceous
shale, and gritstone appeared unsatisfactory.

RECOMMENDATIONS FOR RECLAMATION MATERIAL SELECTION

Based on results of studies reported in Section 4.3 and applying
selection criteria listed in Table 4-1; soil, bedrock waste, and
wastes above bedrock tested to date were arranged in order of pre-
ference for use as reclamation material (Table 4-14). Accordingly,
the followina recommendations were made with respect to selection
of suitable reclamation material:
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TABLE 8-13

Site Preparation Methods and Fertilizer Programs Used in Areas
Bisturbed During the Bulk Sample Program
Hat Creek Project Mining Feasihiiity Report 1978

Fertiiizer Program {(kg/ha) Area
N

ve-v

Growth Media Site Seeding Method P20s K20 ha
1. Glaciofiuvial gravels Houth Meadows hydroseeding 33 134 o} 0.04
{(below plots) harrowing 33 1z 79
2. Recent alluvial gravels Trench B hydroseeding 33 134 66 0.05
{gravel dump) harrowing 33 112 79
3. Glacial till Medicine Creek hydraseeding 33 134 33
{adjacent area)
4. Gritstone (950 m) Trench A hydroseeding 27 104 0 Q.15
{waste dump) harrowing 33 90 0
5. Baked clay (957 m) Trench A hydroseeding 27 104 ¢
{level waste dump)
6. Carbonaceous shaie Trench A hydroseeding 33 134 66 0.29
(963 m) {level waste dump) harrowing 33 112 57
7. Coal waste Trench A hydroseeding 33 134 0 0.27
{stockpile) harrawing 33 112 o 0.40

Source: Acres (1978)



TABLE 4-14

Syitability of Sof!, and Waste for Reclamatien
Mat Creek Project Mining Feasibility Report 1978

Grder of Susceptibility to
Preference Reclamation Material Plant Growth Limiting Factors Eroslon Dusting Leaching
1 Surface sells Jow levels of nitrogen and phosphorous moderate high moderate
2 Glacial tiN lew levels organie matter, N, and P; dapressions may be saline moderate moderate Tow
3 Glaciofluvial gravels low levels of O,M., N. P, and possibly K; scoil mofsture deficiency low Tow high
4 Alluvial gravels low levels of 0.M., N, P, and possibly K; soil moisture deficiency low Tow high
E Baked clay s1ightly saline; coarse texture; low 0.M., N, and ¥ content Tow Tow high
3 $lide debris moderately saline; elevated B levels; strongly saline; mederate moderate Jow
Tow D.M., N, and P
Bentonitic clay strongty saline; fine textura; low O.M., N, and F content high Tow Tow
8 Coaly waste Tow pH, s1ightly saline; elevated B; Jow O.M,, N, and F high Tow Tow
cantent; dark colour reswlting in increased surface
temperature
L] Carbonaceous shale low pH, slightly saline; elevated 8; low O.M., N, and P high high Tow
content; dark colour resulting in increased surface
temperature
10 Low-grade coal highly sodic; Tow 0O.M., N, #nd P content moderate moderate low
n Gritstone slightly sodic; slightly s&iine; Tow G.M,, N. and P content moderate moderate low
12 Waste rock highly sodic; Tow O.M., N, and P content moderate moderate low
Note: Materials 1-4 - suitable.
Materials 8 and 9 require addition of Time for use as surface reclamation materials.
M Materials 5, 6, 7, 10, 11, and 12 require addition of chemical and organic amendments and leaching for use as

surface reclamaticn materials.

0.M. - refers to organic matter

Ngte: Materials were rated for susceptibflity to erosiom, dusting, and leaching based on texture.

Susceptibility to »il1l erosion and dusting fncreases with finer texturs,
Susceptib1iity to leaching increases with coarser texture.
A surface crust tends to form with increased sodium content which reduces dusting and leaching; but increases runoff.

Spurces: Acres [1978) and B.C, Research {1975)
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(2)

(3)

(4)

(5)

(6)

Surface soils are the preferred reclamation material
and should be used to cover final waste dumps and
disturbed lands.

Bedrock waste and slide debris are designated un-
suitable for reclamation and should be buried.

Non-sodic glacial til1l, glaciofluvial and alluvial
gravels are acceptable surface reclamation materials
and are considered suitable for covering sodic waste.
Glacial till is preferred to gravels because of its
improved moisture holding capacity.

Non-sodic wastes above bedrock with satisfactory
water retention properties should be placed as a
buffer material or layer between sodic waste and sur-
face soils.

Low-grade coal and bedrock waste are considered un-
suitable and would probably require incorporation
of chemical amendments (gypsum, CaC1z) and leaching
if used as surface reclamation material.

Coaly waste and carbonaceous shale are strongly acid

and would probably require incorporation of 1ime if
used as surface reclamation materiai.
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4.4 DRAINAGE QUALITY

Precipitation that infiltrates or runs oft waste dumps and stock-
piles could contain trace elements and salts possibly resulting in
poor water quality discharge to ground or surface water. In order
to determine what form of treatment, if any, should be applied to
the various waste streams, studies were undertaken to characterize
seepage, leachate, and runoff.

LEACHATE

Estimates of leachate quality were obtained from laboratory studies
and analyses of field samples (Acres, 1978). Total water-soluble
elements were extracted from crushed, wastes, low-grade ccal, and
coal according to the laboratory procedures of Shannon and Fine
(1974) (Table 4-15). Sodium, calcium, magnesium, sulphur, and
chloride were the primary water-extractable salts from coal and
mine waste.

Leachate water quality was also calculated from a rate of release
laboratory test (Table 4-16). Results are presented for the Jowest
pore volume displacement {i.e., first leach) which, if representa-
tive of site conditions, could simulate the "worst case” condition
of a prolonged rainstorm. If leachate from the low-grade coal,

coal stockpiles, and from waste dumps is similar to the rate of re-
lease test results, then the characteristics presented in Table 4-17
would be elevated above present PCB level A objectives and require
treatment {Beak, 1978; Acres, 1977).

In April 1978, leachate was also collected from the base of seam
waste and low-grade coal stockpiles constructed at Hat Creek in
summer 1977. Leachate was collected on a plastic sheet underlying
stockpiles which drained by plastic pipe to covered plastic buckets.
Field samples collected from the base of a small low-grade coal and
a seam waste (coaly waste) stockpile had low pH and elevated dis-
solved solids and sulphate concentrations compared to present PCB
level A objectives (Table 4-16).

RUNOFF

Studies were initiated to determine sedimentation behaviour of domi-
nant surface materials, flocculants or coagulants required, and
guality of treated waste water (B.C. Research, 1978). Particle
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Total Extractable Salts Test Result
for Waste, Waste Rock, Low-Grade Coal, and Coal
Hat Creek Project Mining Feasibility Report 1978

TABLE 4-15

Parameter Waste Waste Waste Low Grade 8 Zone Coal
BAH 76-1 BAH 76-13 Rock Coal Waste
pH 7.6 7.65 7.85 7.85 7.0
Suspended Solids 72 42 7520 1650 640
Total Filterable Residue 630 1008 2100 5320 2200
Alkalinity as CaCO3 920 1120 1320 1120 1750
Chloride -3 28 16 270 380 200
Fluaride -F <0.4 <0.4 2.4 1.5 1.4
Nitrate-Nitrogen -N 15 18 19 19 21
Nitrite-Nitrogen -N <0.4 <0.4 6 9 <0.4
Total Kjeldahl &itrogen -N 6 5 2 12 13
Biochemical Oxygen Demand {5-day) 70 340 400 §20 1250
Chemical Oxygen Demand 440 440 660 950 1840
Ortho-Phosphate-Phosphorous -P 2.7 3.5 9.2 5.0 3.0
Sulphur -5 80 111 250 224 160
Aluminum -Al 26 13 24 25 20
Arsenic -As 1.3 0.5 1.0 0.8 0.4
Baron -B 1.0 1.0 2.0 1.0 1.0
Cadmium ~Cd <0.08 <G.08 <{.08 <0.08 <0.08
Calcium, Hard as CaC0, 290 400 480 600 90
Chromium -Cr 1.0 1.5 <1 <1 <1
Copper -Cu 2.2 1.4 4.0 6.0 5.0
Iron -Fe 14 3 76 76 30
Lead -Pb <3 <3 <3 <3 <3
Lithium -Li <0.3 <0.3 <0.3 0.6 0.3
Magnesium, Hard as CaC03 358 380 440 540 86
Mercury -Hg 0.010 0.010 0.006 0.006 0.006
Selenium -Se 0.2 0.2 0.2 0.9 0.6
Sodium -Na 178 225 542 1280 975
Strontium -5r <4 <4 <4 <4 <4
Vanadium -y <0.2 <0.2 0.2 0.3 0.2
Zinc -In 6.8 10.8 8.8 15.0 7.2

* Except for pH, al} units are mg/kg, indicating milligrams extracted per kilogram of dry solids.

Source:

Acres (1978) based on laboratory methpd of Shannon and Fine (1974)
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TABLE 4-16

Leachate Characteristics from Laboratory and Field Tasts
Hat Creek Project Mining Feasibility Report 1978

__LABORATORY SAMPLES‘I FIELDSM.LES2
T TRasEeTTTTTTTTTT aste” Cow@rade ~~~~ 0 ToTTTmmommmmTmmmmmmmmmTeeT

Paramaters {mg/L) T76-1  76-13 Rock Coal Ccal 8 Badrock Waste |ow Grade Coal
pH 7.6 1.9 8.3 1.8 7.2 5.6 4.6
Filterable Residue 180 160 2078 1520 2735 8190 5400
80D; ** 105 63 255 148 - - -
Alkalinity 55 77 180 393 540 56 < 0.5
Chloride 2 1.5 53 40 52 15 0.38
Flucride 0.05 0.07 0.06 0.08 0.1 - -
Nitrate-Nitrogen 2.5 6.0 3.7 2.4 5.3 - -
Ortho-Phosphate-Phosphorous 0.15 0.2 0.4 G.15 0.2 - -
Suiphur 0.7 6.7 10.9 10.0 21,1 - -
Arsenic 0.03 0.03 Q.1 0.06 9.02 <0.005 <0.905
Boron 0.02 0.02 Q.05 0.12 0.3 0.2 0.7
Cadmium <).002 < 0.002 - 0.002 < 0.002 - -
Calcium, Hard as CaClj3 13.2 25 76.2 37.5 4.2 760% 430%
Chromium 0.05 0.05 0.2 0.2 0.075 <(.01 < 0.0
Copper G.35 1.4 2.1 2,45 3.5 0.034 0.007
iron 0.3 1.05 1.85 5.7 0.9 Q.30 o.0
Lead <0.02 < 0.02 < 0.02 0.02 < 0.02 - -
Magnesium, Hard as CaC03 4.6 29.2 43.7 34,02 18.3 580" 420*
Mercury 0.002 0.002 0.003 0.004 0.005 < 0.00025 <0.00025
Sodium 15.0 40.0 7a 267 286 240 150
Vanadium <0.01  <0.01 < 0.01 0.01 < 0.01 0.042 0,006
Zinc 0.031 0.031 0.275 0.125 Q.125 0.057 0.18

** fstimated by BEAK utilizing BODE from Total Extractable Tests amd multiplying by ratio of Filterable Res{due extracted
extracted Tn 24 hours to Total Extractable Filterable Residue.

Sources: {1) <Calculated by Beak {1978) from Acres {1977} Leachate Data {2) Beak (1978}
* Total concentration.

Note: Additional analyses of field samples included:

Bedrock Waste |Low-Grade Coal

Conductivity {umhos/cm) 7100 4530
Hardness 4290 2800
Nonfilterable residue 22 3
Sulfate 3800 <3800
Total Aluminum 2.9 0.70
Total Lithium 0.17 0.36
Total Potassium 30 36
Total Selenium <0.003 <0.003
Total Strontium 1.8 1.2
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TABLE 4-17

Leachate Characteristics Which Could Exceed
Present PCB Level A Objectives
Based on Laboratory Rate of Release Tests

Dissoived Suspended

Material Arsenic Chromium Copper Iron BOD Mercury Solids Solids
waste - - + + - - + +
waste rock + + + + - - + +
Tow grade coal + + + + + - + +
coal - + + + + + + +

+ exceeds level A objectives

- meets level A objectives



size analyses, settling column tests of treated {coagulant added)
and untreated solids, and water quality analysis of supernatant
from columns treated with coagulant were carried out using glacio-
fluvial and glacial till slicde debris, two waste rock samples,
low-grade coal, and a composite sample. Sample composition and
location are outlined on Table 4~18.

Each material was suspended in solution at an initial concentration
exceeding 10 000 mg/L. After 24 nours all materials (with excep-
tion of glacial gravels and slide debris) had suspended solids ex-
ceeding 1000 mg/L.

Based on results presented in Table 4-19, chemical treatment beyond
24 hour retention was considered essential.

Materials were evaluated qualitatively with commercial anionic, ca-
tionic, and nonionic polyacrylamide flocculants at dosages up to
50 mg/L. Settling proved unsatisfactory. Alum (aluminum sulphate)
provided satisfactory flocculation at high dosages in columns with
very high initial suspended solids levels typical of extreme cir-
cumstances such as flooding or erosion induced slumping. Column
settling test results and alum dosage requirements are summarized
in Tables 4-20, 4-21, and 4-22.

The high settling rates and clean settling interfaces indicate that
alum treatment, followed by quiescent settling in ponds of adequate
size could clarify drainage water containing extremely high sus-
pended solids levels to meet present PCB level A objectives of

50 mg/L.

Salinity of supernatant from column settling tests was analyzed to
determine if treated wastewater would be suitable for irrigation
(Table 4-23). If supernatant is representative of treated waste-
water, all materials would produce a medium-saline, low-sodium
water suitable for irrigation assuming satisfactory trace element
levels (based on criteria provided by CBRC, 1978).

The pH of supernatant from waste and low-grade coal was low compared
to present PCB level A objectives. Sulphate levels for all materials
were elevated above present PCB level A objectives; however, this may
be due in part to the fact that initial suspended solias levels and
corresponding alum dosages employed in the study were very high.
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TABLE 4-18

Composition of Sodic Bedrock Waste Samples
Hat Creek Project Mining Feasibility Report 1978

Driil Depth Composition
Material Hole No. Lithology {m) (% by weight)
Low-~grade coa1(1) DDH 76-134 coaly shale 191-197 34
DDH 76-128 coal with siderite and calcite 130-131 17
SAR = 20 DDH 76-125 coal 78-79 9
OBH 76-122 carbonaceous shale 107-109 22
DDH 76-120 shale; coaly shale 149-155 13
17 m 100
waste 1) ODH 76-127  sandstone 27-30 1
SAR = 25 DDH 76-124 sandstone, gritstone 52-55 18
DDH 76-153 gritstone, shale 247-250 24
DDH 76-134 conglomerate 88-31 22
DDH 76-155 shale 88-41 13
DDH 76-144 boulder c¢lay, shale 43-46 9
100
Naste(z) DOK 76-841 sandstone 66-68 50
SAR = 12 DDH 76-817 sandstone 149-158 50
100
Gritstone(]) Bulk Sample Program 100
SAR = & Trench A
ESP = 1B
Composite waste glaciofluvial sand/gravel 20
SAR = 16 (quarry east of Trench B)
glacial till 20
{read cut from Lehman Ranch to sawmill)
slide debris 20
(road cut beside DDH 76-810)
waste Fas|
Tow -grade coal(]) 20
100

Note: (1)

Compesite sample selected by Acres {1978).

(2) Composite sample selected by Golder Associates
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TABLE 4-19

Column Settling Tests in 2-1 Graduate Cylinders without Flocculant

Hat Creek Project Mining Feasibility Report 1978

Suspended Solids (mg/L)

Particle Size (%}

Material Time 0 cm M cm  28.5 cm Clay + 511t Sand pH
{hr)  —---o- depth------------- {sampie)*

Glaciofluvial 0.25 188 404 428 4 38 7.4
sand/gravel 4.5 120 132 132
24 76 56 60

Glacial till 0.25 2600 5643 5893 19 81 8.1
4.5 510 1980 2670
24 45 1040 1360

Slide debris 0.25 5798 10 049 11 218 36 64 8.2
4.5 560 2760 4130
24 60 65 10

Waste (1) 0.25 10 000 15 000 16 640 2 o8 8.5
4.5 840 9480 10 160
24 133 5800 7020

Waste (2} 0.25 12 500 17 080 19 180 3 94 8.3
4.5 2410 9400 10 960
24 120 5400 6920

Low-grade coal 0.25 13 260 17 080 19 060 n.a n.a. 5.9
4.5 1680 9860 11 789
24 90 6040 5100

Composite 0.25 7700 10 820 17 280 n.a n.a. B.1
4.5 2060 5980 7040
24 53 3200 4340

Note: 50 g of original solids {coarse plus fine} per litre distilled water

* B.C. Research (1978)

Golder (1978)

{1} Golder

{2) Acres
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TABLE 4-20

Column Settling Tests in 15 cm x 180 cm Cylinders
with Aluminum Sulphate
Hat Creek Project Mining Feasibility Report 1978

Suspended Interface Sample

Material Time Solids Turbidity Depth Depth
(hr)  (mg/L) NTU (cm) (cm)
Glacial till 0.3 44 21.0 61 48
0.6 19 7.5 81 48
Siide debris .3 144 48.0 43 20
0.6 68 29.0 67 36
1.6 42 21.0 78 65
Waste (V) 0.9 105 32.0 8 6
2.5 66 23.0 22 20
5.3 5 3.2 48 37
6.7 4 2.2 53 52
waste (%) 0.7 28 1.0 7 5
4.1 2 2.5 38 20
4.2 21 7.5 38 36
21.4 25 8.2 69 52
Low grade coal 0.6 11 7.2 8 5
1.9 21 8.8 24 20
4.7 8 5.2 51 36
6.2 2 2.4 59 51
Composite 0.3 20 16.0 g 7
0.9 9 6.5 28 22
1.8 7 4.5 47 37
3.7 3 4.2 67 53
5.1 5 2.8 70 66

(1) Golder
(2} Acres

Note: Alum dosages are described in Table 4-21.

Source: B.C. Research (1978)
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TABLE 4-21

Column Settling Tests in 15 c¢cm x 180 cm Cylinders
with Aluminum Sulphate
Hat Creek Project Mining Feasibility Report 1978

Time to Achieve

Free Interface Suspended Solids
Alum Dosage Settling Rate < 50 mg/L at S0
Material mg/L cm/hr 50 c¢m depth mg/L
hours

Glacial till 100 253 <1 74
Slide debris 120 143 < 2 138
Composite waste 206 30 4 106
Low grade coal 125 12 6 171
Waste (1) 206 9 6 152
Maste 2 206 9 21 178
(1) Golder
(2) Acres

Source: B.C. Research (1978)



TABLE 4-22

Alum Dosage Requirements for Hat Creek Run-off
at High Initial Suspended Solids Concentrations

(>10 000 mg/L)
Hat Creek Project Mining Feasibility Report 1978

Material A12(504)3 (mg/L)}
Glaciofluvial sand/gravel 10
Glacial till 60
Slide debris 80
Composite waste 100
Low grade coal 160
Waste (1) 160
Waste (2) 160

(1) Golder
(2) Acres

Source: B.C. Research (1978)
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TABLE 4-23

Salinity Analyses of Supernatant from Column Settling Tests
with Aluminum Sulphate
Hat Creek Project Mining Feasibility Report 1978

Scdium i /LY j a /L)
Adsorption Specific e Cat1f;s (meq;L — ?21925 fqe L -

Material Ratio Conductance pH Ca Mg Na K 50, Cl HCO3 Boron
{SAR} {umhos /cm) ppm
Slide debris 1.2 435 7.3 2.09 1.18 1.50 0.06 2.87 0.06 1.26 < 0.02
Glacial till {1) < 0.1 255 7.3 2.17 .58 0.01 1.54 0.001 0.90 0.02
Low grade coal 2.3 385 4.9 0.80 0.55 1.91 0.13 3.56 0.03 0.04 < 0.02
Waste (1) 4.5 370 4.8 8.45 0.16 2,48 0.12 3.1 0.07 0.02 < Q.02
Waste (2} 3.3 430 6.2 1.02 0.25 2.57 0.12 3.717 0.02 0.43 < 0.02
Composite waste 1.5 345 1.2 1.07 0.50 1.32 0.08 2.21  0.02 .07 < 0.02

Note: Supernatant is classified as medium-salinity and low-sodium water. Medium-salinity water can be used for irrigation if a
moderate amount of leaching occurs. Plants with moderate salt tolerance can be grown in most cases without special
practices for salinity control. Low-sodium water can be used for irrigation on almost all soils with little chance of
development of harmful Tevels of exchangeable sodium.

(1} Golder
(2) Acres

Source: B.C. Research [1978)
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Tests were performed on highly contaminated wastewater to model a
worst case and may not be representative of the mixing and dilu-
tion which may occur in lagoons.

RECOMMENDATIONS

Recommendations for drainage control are based on studies to date
with iimited number of samples. This may not be representative of
the mixture of materials on the surfaces of waste dumps, stockpiles,
and disturbed lands. In addition, results from laboratory tests do
not represent the effect of evaporation, mixing, and dilution which
will occur when the wastewater is collected in lagoons.

The following recommendations were used for reclamation and environ-
mental protection planning:

(1) Leachate and runoff should be segregated from
clean water and where possible disposed of by
recycling or evaporation.

(2) Runoff may require treatment with coagulants
before discharge to reduce suspended solids
levels in order to meet regulatory require-
ments.

(3) The need for water treatment beyond sedimenta-
tion lagoons can best be determined by monitor-
ing and on-site experience. Leachate studies
to date show discrepancies in analytical re-
sults between laboratory and field samples.
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4,5 OTHER CONSIDERATIONS

Dust, noise, and spontaneous combustion of carbonaceous materials
were monitored during the 1977 bulk sampling program in order to
provide data for planning and base-line monitoring.

DUST

Two high volume samplers monitored ambient air suspended particu-
late concentrations in the mine area during the 1277 bulk sample
program (Acres, 1978) (Table 4-24).

Dust problems developed in and near Trench A during dry windy
weather but were confined mainly to the trench. Carbonaceous shale
and surface soil were particularly susceptible to dusting. Dust
was controlled on access roads and trenches by water truck. Dust
from dormant coal piles did not appear to be a problem. In all
cases suspended particulate concentrations were less than either
the 24-hour or annual, present PCB level A objectives of 150 and

60 ug/m3, respectively (geometric mean value).

NOISE

Noise levels resulting from operation of heavy equipment and bilast-
ing in Trench A were monitored during the 1977 bulk sample program
(Acres, 1978). Three one-half hour long continuous samples (of
A-weighted noise Tevel) were recorded. MNoise levels were averaged
within half hour periods to provide the "eguivalent energy level"
for each period (Table 4-25).

Noise levels varied with intervening terrain and wind velocity. A
site located in view of the trench had higher noise levels than
sites which were shielded from the trench by high points of land.

Trench excavation did not significantly affect background noise
levels. At the Lehmman Ranch, about 1.2 km from Trench A, back-
ground noise was estimated to be 40-44 decibals (dBA). The exca-
vation noise could be heard intermittently above background noise
levels. A peak noise level of 96 dBA resuited at Site 3 due to
blasting (Table 4-25). At the Hat Creek junction the excavation
activity was not audible.
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Coal Extraction and Transportation from Bulk Sample Trenches

TAELE 4-24

Air Suspended Particulate Concentrations During

Hat Creek Project Mining Feasibility Report 1978

ACTIVITY

SUSPENDED PARTICULATE MATTER mgjm3

Date Excavation Transportation Hat Creek Junction ~B.C. Hydro Camg
May 18 Trench A - g *
22 " - 21 13
25 " - n 1
June 1 Trench A + B - * 35
9 " - * 78
12 " - 57 22
15 " + 41 24
18 " - 58 19
21 ! - * 34
27 " - * 36
36 b - * 26
July 3 " - * )
9 ! - 13 13
12 Trench A - 9 *
15 " + 19 *
18 Trench A + B + 62 *
21 Trench B + m *
24 ! + 36 *
27 - + &1 *
30 - - 17 *
August 2 - + 28 *
5 - + 43 *
8 - + 36 *
1" - - 43 *
14 - - 18 *
17 - - 77 *
29 - - 8 *
September 4 - - 9 *
*
range 8-131 1-78

* Test not valid.

Source:

Acres (1977)
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TABLE 4-25

Base-Line Noise Levels in the Proposed Mine
Area With and Without Trench A Excavation
Hat Creek Project Mine Feasibility Report 1978

Measurement Particulars Site 1 Site 2 Site 3
(935 m from {762 m from (823 m from
trench) trench) trench)

1. Measurements

leq (1/2 hour) with excavation kk) 39 49
Leg (day)} approximate base-line 32 32 30
difference 1 7 19

2. Heavy Equipment {# units operating)

Cat 623 Scrapers

DJB Trucks (Cat D250)
Cat 966C Loader

Cat DBK Dozer

Cat D? Dozer

Wabco 660B Grader
Pneumatic Reck Drill

—_—— S — OO
O ———
—_—— N3 L

3. Wind Conditions (41 m abovegrecund}

Speed {ft/sec) 2.5 4.1 12.7
Direction Rel. to True North 50.3° 27.0° 170.0°

4, MWeather Conditions

Temperature (°C) 5.8 8.8 10.1
Relative Humidity (%) 54 51 61

5. Location 125 m east of DDH 76-144  DOW 76-168
DDH 76-138

6. Day May 25 May 25 May 26
7. Time 08:15-08:45  10:10-10:45  07:40-08:10

Source: Acres (1977)
Note: Leq - equivaient noise level (decibais}

4-41



453

454

SPONTANEGUS COMBUSTION

Test piles of loose and compacted coal were constructed and moni-
tored with thermometers and thermocouples to determine temperature
change with time and potential for fire occurrence (Fawcett, 1977).

Fires began in loose, crushed coal and uncrushed low-grade coal
piles after 14-28 days and 50-70 days of exposure, respectively.
Fires generally occurred near the base of piles in areas of loose
coal usually after the average temperature had risen to 60-70°C.
Evidence indicating potential for ignition included steam rising
off the pile and the formation of white evaporites on the surface.
Rainy, cooler weather generally delayed temperature rise in coal
piles. Most fires started in early morning. Compaction of hot or
burning coal extinguished all fires and reduced coal temperatures.

RECOMMENDATIONS

Dust, noise, and spontaneous combustion were monitored from the
bulk sample program and results, although potentially different
for a Targe operating mine, are presented for planning purposes:

(1) Dust from carbonaceous shale and surface soils
appears greater than for other materials. Clay
materials containing sodium are not expected to
pose a dust problem due to formation of a sur-
face crust.

(2) Experimental modelling (ERT, 1978) to date of pos-
sible suspended particulate levels, resultant from
mining activity, indicates potential probiem areas
to be: wind erosion, dust generated by haul

road vehicles, removal of overburden

and stripping of surficial materials.
Further work should be conducted, using current
mine plans and site specific material data, in
order to confirm the problem areas and relative
magnitude of dusting potential.

(3) Noise levels may be blocked by intervening
terrain.
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(4) Spontaneous coal combustion is delayed by
compaction and reduced atmospheric exposure
time. Monitoring of coal pile temperatures
can be used to determine susceptibility to

ignition and ensure that adequate precautions
are taken,
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5.1  INTRODUCTION

The surface areas of land which will be disturbed by mining acti-
vity throughout the various stages of the project are:

% of Total Disturbed Area

D Ll e e e e . R L L

Disturbance Pre-Production Year 15 Year 35
Open Pit 20 40 3l
Waste Dumps : 31 35 52
Materials Storage Areas 6 4 3
Transportation Corridors 7 5 4
Support Facilities 20 9 5
Drainage Control Systems 16 7 5
100% 100% 100%
Total Area 528 ha 1,257 ha 1,931 ha

These areas involve land presently used for agriculture, forestry
wildlife and wetland habitat, and watercourses.

Proposed measures for reclamation, revegetation of drainage con-
trol systems, dust control and emergency protection measures are
described in this section of the report. Each component of the
mine is disucssed on the basis of four periods of time: Pre-
Production, Years 1 to 15, Years 16 to 35, and Years 36 to 45.
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5.2 OBJECTIVES

The objective of the Reclamation and Environmental Protection
Plan, in accordance with the British Columbia Coal Mines Regu-
lation Act, is to protect land, water and air during the con-
struction and operational phases of mining and on completion, to
re-establish where practical, land uses of similar type and pro-
ductivity as existed prior to mining.

During the construction and operation phases of the project, much
of the emphasis will be on control of drainage and seepage in
order to minimize the impact to the downstream aquatic environ-
ment. However, it will also be important to ensure that any
practical revegetation of disturbed areas is undertaken on a con-
tinuing basis. This will serve to stabilize these areas, reduce
seepage and runoff problems, and generally improve the aesthetic
appearance. Control of dust and noise will also be important
during the mine development and operation.

Over the long term, the objective will be to establish a self-
sustaining vegetative cover consistent with the specified land
uses when the mining operation is completed. Rangeland, both
native and improved, wildlife habitat, and forestry constitute
the present major land use in the mine area and are proposed as
the end land use following mining. Drainage control sources will
be stabilized such that operation of the collection and treatment
facilities will no longer be necessary.

The manner by which shortand long term objectives will be met is
discussed for each component of the development.
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5.3 OPEN PIT

Pit develonment and operating procedures are designed for effi-
cient extraction of the coal and to ensure safe operating condi-
tions in the pit.

During operations water trucks, supplied from pit waste water or
treatment lagoons, will be used in the pit as required to control
dust. Discharge from pit dewatering wells and pit bottom will be
treated within main settling lagoons prior to discharge into Hat
Creek. Perimeter interceptor ditches and dewatering wells, dis-
cEarged to the mine drainage system, will reduce water inflow to
the pit.

Pit abandonment and reclamation are planned with the primary
objective of protecting human life, livestock, and wildlife from
the potential hazards of a large void constructed in weak material.
Land use in the excavated pit is dependent on future mining con-
siderations, the extent and cost of reclamation desired, and safety.

PRE-PRODUCTION PERIOD

The Hat Creek diversion will be operational at the beginning of

Year -3. Temporary ditches will be constructed near working areas
to trap runoff and sediment, and will be expanded as required before
removal of soil and overburden. The ditches should transport runoff
from the pit working area to the main water treatment lagoon which
will be constructed with initial excavation materials.

Runoff from construction areas prior to establishment of main treat-
ment lagoons will be channelled as required to temporary settling
ponds.

Clearing and overburden removal in the pit area increase potential
for surface runoff and reduced groundwater recharge. Groundwater
tables are currently near the surface in Hat Creek alluvium but
generally deeper than 20 m over most of the proposed pit area.

Deep wells will be drilled as required around the pit perimeter
beginning in Year -5 to lower groundwater tables in bedrock. UWater
discharged from dewatering wells will be pumped to the main water
treatment Tagoon. In Year -4, drainage of surficial groundwater

in the working area will be initiated using vertical wells.

[&a)
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Aleece Lake, small ponds, and groundwater present in surficial
deposits within the slide area to the southwest of the open pit
will be dewatered during Year -5 to reduce potential for slide
instability in and above the pit. Lake drainage will be con-
trolled to occur slowly over several months. Small Takes and
kettles will be excavated at the natural outlet or drained by
pump and siphon.

Before overburden removal, which will commence in Year -2, the
area identified for operations in the following vear will be
cleared and surface soils stripped and transported to stockpiles.
Surface soils will not be removed in hummocky terrain where
equipment cannot operate efficiently, nor in the active and in-
active slide areas where limited data indicate soils to be un-
acceptable as growth media. Soil scraping will be done pro-
gressively just prior to overburden removal to minimize the ex-
tent of soil exposed and susceptible to erosion. By the end of
pre-production, 72.5 ha will be stripped of surface soil and
258 x 103 BCM conserved.

YEARS 1 70 15

During Years 1 to 15, about 289.6 ha or 736 x 103 BCM of surface
soil will be scraped progressively before overburden removal in
the open pit.

Temporary revegetation, mulching, water, dust suppression and
scheduling of scraping operations, tc minimize areas of exposed
s0il will be carried out as required to reduce wind and water
erosion.

Temporary drainage ditches will continue to be constructed around
and in pit working areas as reguired to collect and convey surface
water and seepage.

YEARS 16 TO 35

The estimated volume of surface soil t03be removed from the open
pit between Years 16 and 35 is 441 x 10” BCM. Similar wind and
water erosion control practices will be used as in Years 1 to 15.
No revegetation will be done within the pit-void during mining.

5-4
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YEARS 36 TO 45 (ABANDONMENT)

The final pit abandonment scheme will be based on future mining
considerations, continued geotechnical and water quality monitor-
ing, and on-site experience. As previously stated (Section 4),
the abandoned open pit is presently envisaged to remain a void.
Water entry would be minimized. A cross-section and plan view of
the proposed 35-year pit showing berm elevations and geology of
exposed surfaces is illustrated in Figures 5-1, 5-2.

At Year 35, the open pit operation will have removed about 606 ha
from the present surface, will be about 10.8 km in circumference,
and 267 m deep (using a datum elevation of 900 m ASL). Upper pit
slopes in glaciofluvial and glacial till overburden wiil be con-
structed at an overall slope angle of 25° on the east perimeter of
the pit. Upper pit slopes in siltstones, claystones, and stide

deposits on the west side of the pit will be constructed at an
overall angle of 16°.

About 300 ha of the pit surface exposed after 35 years will consist
of materials susceptible to failure once stabilization measures are
curtailed. Siltstone and claystone will comprise about 240 ha of
the total exposed surface, 60 ha will consist of slide deposits,
180 ha of glaciofluvial and glacial till overburden, and 120 ha

of coal.

SimiTar topography and land use within the proposed open pit cannot
be replaced unless the pit is filled with waste, topsoiled, and re-
vegetated. Returning waste to the open pit either during mining

or from the 35 year waste dumps is not feasible due to limitations
of economics, mine safety and scheduling. Filling the 35 year pit-
void with waste or water would severely 1imit the economics for
future coal extraction at greater depth.

With abandonment, exposed carbonaceous material may be suscepti-
ble to spontaneous combustion. Coal on the pit floor would be
covered writh seepage, but about 100 ha on the southwest slope of
the pit would remain exposed. Coal would probably be intermit-
tently saturated with seepage and runoff, As slide deposits on
upper berms failed and slumped, coal would probably be partially
covered with overburden.

The necessity of covering exposed coal will be determined by ex-
perience during mining.
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Pit-void reclamation will be initiated with the Tong term objec-
tive of accelerating natural succession in the upper reaches of
the pit to establish grazing and wildlife habitat. Interceptor
ditches around the pit, Hat Creek diversion, and Finney Creek
diversion will be retained to protect Hat Creek water quality
and ensure adequate water flow and water quality downstream,
Land use within the pit will depend on the nature and extent of
failure and vegetation establishment.

Vegetation will establish on those portions of the upper berms
which consist of non-sodic glaciofluvial and glacial till over-
burden, Vegetation establishment will probably be less satis-
factory on saline slide deposits and unsatisfactory on sodic
siltstones, claystones, and coal.

The top three benches around the pit perimeter (about 115 ha) will
be resloped from 45° to 26° to provide a safer perimeter and lessen
the visual impact. No resloping will be done below this level.
Following resloping fertilizer and seed will be aerial broadcast

on all pit benches. Over the long term revegetated overburden

and slide areas are expected to creep and slump into the pit.

Based on an average annual precipitation of 300 mm/year, surface
runoff of 50 mm/year, groundwater seepage to the pit of 0.015 m 3/s,
and a potential evaporation rate of 532 mm/year, it is estimated
that the maximum level of water in the abandoned open pit would be
lower than the 895 m elevation (lowest point of possible pit water
surface outflow). Further, it is estimated that a perjod of
greater than 1000 years would be required to achieve this maximum
level, assuming that diversion canals and ditches are maintained.

The open pit will be fenced to restrict access. Fences will sur-
round the entire pit perimeter and those areas to the southwest
which may be susceptible to failure over the long term. In
selected areas on the pit perimeter, trees will be planted to
screen the pit.
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5.4  WASTE EMBAHKMERNTS AND DUMPS

Mine wastes will be stored behind retaining embankments in Houth
Meadows and Medicine Creek Valleys. Construction of Medicine
Creek dump will be deferred until Year 15 based on current produc-
tion schedules (refer Section 2).

Rapid revegetation of embankments and waste dumps will stabilize
exposed surfaces against erosion. Temporary reclamation will be
carried out on all areas of dump surfaces left inactive for a
number of years. Retaining embankments wiil be constructed in
Tifts which allow for long term recliamation progressively with
construction. Waste dump surfaces will be progressively reclaimed
as soon as the final surface elevation is reached.

Surface waters will be channelled during critical periods such as
spring snowmelt and high intensity rainstorms by temporary and
permanent interceptor ditches which will convey runoff around
waste dumps, isolate runoff from working areas, and contain sedi-
ment near the source. Runoff and seepage will be trapped, evapo-
rated, diluted, or treated in water treatment lagoons as required.
During operations, normal precipitation on waste dumps will be
trapped in hummocky terrain on the dump surface and evaporate.
Dusting within dumps may be reduced by the formation of a surface
crust on sodic waste and by hummocky nature of the terrain.

The Houth Meadows Yalley within the proposed waste dump area ranges
from 850-1110 m ASL elevation and consists primarily of open range
(188 ha) and forest land of poor productivity (382 ha). Medicine
Creek Valley, a proposed dump area, ranges from 980-1195 m ASL ele-
vation and consists of open range (125 ha), and 260 ha of forest
land.

Waste dumps will be progressively revegetated to an end use com-
parable with adjacent lands at similar elevation, i.e., open range,
wildlife habitat, and forest land. Final dump surfaces will be
about 100 m higher than the pre-mining land surface in some por-
tions of the dump.

Topography and native species diversity similar to pre-mining con-
ditions cannot be duplicated but reclamation of waste dumps will be
desianed to provide a revegetated, self-sustaining stable surface
composed of materials similar to or better than those of adjacent
lands at similar elevation.

5-9
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The growing season in the Upper Hat Creek area extends from May
through September, but without supplemental jrrigation, seeding
is restricted to Fall (September to November) and early Spring
(April and May) to ensure adequate moisture for seedling esta-
blishment. Water from treatment Tagoons may be slightly sodic
and saline and unsuitable for use in reclamation.

Soil moisture deficits restricts the choice of revegetation species
which will become estabished without irrigation. Dryland range
grasses, cereals, and local native species will establish with
either Fall or Spring seeding. Dryland range legumes (e.g. creep-
ing-rooted alfalfas) will probably require early Spring seeding.
Legumes fix atmospheric nitrogen and are considered essential in
developing a self-sustaining low maintenance vegetative cover.
Reduced nitrogen fertilizer application required for legumes also
reduces potential for eutrophication of receiving waters.

Native shrubs and forbs, considered essential in reclamation for
wildlife habitat, wiil regquire transplanting or nursery propagation.

PRE-PRODUCTIQN PERIOD

Houth Meadows embankment construction will be initiated in Year -2.
Before embankment construction and waste disposal begin, temporary
perimeter ditches will be constructed as required to isolate sur-
face runoff from working areas.

Surface soils will be progressively removed from the dump area prior
to embankment construction and waste disposal. Soils will not be
scraped from inactive slide debris composed of saline colluvium or
from areas with bentonitic boils at the surface. The estimated
volume of soil to be removed from Houth Meadows during pre-produc-
tion is 520 x 103 BCM. Temporary revegetation, mulch, watering,

or dust suppressants will be employed to control wind and water
erosion from soil scraping and waste disposal operations.

Initially, dumped waste will be loose and any seepage that infil-
trates through embankments will be channelled to a holding lagoon
(refer Section 2). In later years the dump is expected to seal
under its compressive weight. Surface runoff from dumps is ex-
pected to be minimal because of hummocky surface terrain. Runoff
will be collected in temporary ditches and channelled to the waste

5-10
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water lagoons for treatment as required. No development will take
place in the Medicine Creek Valley during pre-production.

The nature and extent of disturbed and reclaimed land at end of
pre-production is illustrated on Figure 5-3.

YEARS 1 TO 15

About 38 ha of Houth Meadows waste dump is projected to be revege-
tated by Year 15.

The surface 2 m depth of the dump surface will contain randomly
distributed non-seam waste (about 61% by volume), seam waste (22%),
and overburden depending on the sequence of extraction and dispo-
sal. Suitable surface reclamation material (i.e., non-sodic gla-
cial till and gravel construction material) is available to cover
dump surfaces to a depth of about 1 m if required. Construction
material will be stockpiled or windrowed during mining at less

than 1.5 km from final destination. Soil testing will be done to
determine the quality of construction materials before they are
stockpiled. Recently dumped waste is expected to behave as a
partially saturated soil. Rain and snowmelt is expected to infil-
trate recently d isposed waste. However, as wastes dry out a sur-
face crust may form on sodic portions resulting in reduced infil-
tration and local puddling following rainstorms or snowmelt.

Precipitation on dump surfaces will, because of hummocks, form
puddles in depressions; the quality of impounded water is expected
to be similar to an alkaline slough (e.g., Goose/Fishhook Lake)
but should evaporate during the year.

Removal and stockpiling of suitable surface soils will continue
progressively until the commencement of waste disposal. The esti-
mated area and volume of surface soil to be scraped from Houth
Meadows between Years 1 to 15 are 153 ha and 317 x 103 BCM,
respectively.

Construction of Medicine Creek waste dump embankments is expected
to begin in Year 15. Soils suitable for reclamation will be re-
moved from slopes of 14° or less before embankment construction
and waste disposal. By the end of Year 15 about 89 ha of land are
projected to be disturbed in embankment construction.
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Similar environmental protection measures will be employed at
Medicine Creek as at Houth Meadows. Before embankment construc-
tion begins perimeter ditches will be constructed to intercept
and convey clean surface runoff to Hat Creek diversion, and tempo-
rary perimeter ditches will be constructed around working areas
as required to isolate runoff and contain sediment. Runoff from
Medicine Creek dump will be collected and treated in an adjacent
settling lagoon. Leachate will be handled in a zero discharge
system similar to that at Houth Meadows. Medicine Creek runoff
and leachate are expected to be similar to that at Houth Meadows,
assuming that waste dumps contain similar materials.

The extent of disturbed land revegetated land for Year 15 is
illustrated on Figure 5-4.

543  YEARS 16 TO 35

The estimated volumes of surface soil to be scraped from Houth

Meadows and Medicine Creek between Years 16 to 35 are 358 and
460 x 103 BCM, respectively.

As the dump heights increase, waste is expected to compact under
jts own weight which will tend to reduce seepage. Presence of

swelling clays with high cation exchange capacity is expected to
adsorb a considerable amount of soluble cations and trace metals.

The nature and extent of disturbed land and revegetated land is
illustrated for Year 35 on Figure 5-5.

By Year 35, disturbed land and revegetated Tand in Houth Meadows
is estimated at 610 and 380 ha, respectively. Medicine Creek is
projected to include 385 ha of disturbed land and 212 ha of reve-
getated land by Year 35.

544  YEARS 36 _TO 35

Revegetation of waste dumps is expected to be completed within a

reasonable time of mine closure, but maintenance applications of

fertilizer will be added as required for several years thereafter
to ensure adequate vegetation survival. The extent of final re-

claimed areas are illustrated in plan view on Figure 5-6.
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Reclamation of waste dumps will require reshaping of hummocky
terrain to provide long term stability and accessibility for
placement of buffer material and surface soil. Following reshap-
ing and settling, selected construction materials such as non-
sodic glacial till or gravels will be spread over waste surfaces
to the depth required based on site-specific research. During
reshaping, ridges will be struck off.

Local surface instability, piping, and settling is expected to
occur on final dump surfaces following recontouring. In order to
prevent flow slides, large hummocks and ponds will not be con-
structed on the final dump surface, however, varied microrelief
will be constructed or retained where possible to provide habitat
suitable for range, wildlife, and forestry.

Wildlife habitat on dump surfaces will be provided initially by
establishing islands of native vegetation obtained from adjacent
areas, allowing for rapid, self-seeding of native plants. Expan-
sion of these islands will be aided by collection of native seeds,
propagation at the project nursery (refer Section 5-10) and seiec-
tive planting on waste dumps. Vegetation type and composition,
although not duplicated to present conditions, will be patterned
along and correlated to, data recorded in baseline inventory pro-
grams for site-specific wildlife habitat and vegetation associa-
tions (refer Table 3-6, 3-7}). Primary effort will be directed
towards the establishment of dryland wildlife habitat since geo-
technical concerns preclude creation of small waterbodies on waste
dump surfaces, which may induce flow slides. Small intermittent
wetlands may form in depressions during years of increased preci-
pitation.

Any surface runoff and drainage from Houth Meadows dump will be

directed by ridges southeast into an interceptor ditch, conveyed
in a pipe across the waste conveyor causeway and discharged into
sedimentation lagoons. Medicine Creek surface drainage will be

directed northwest by means of ridges into an interceptor ditch

and directed by a pipe to nearby sedimentation lagoons.

Native deciduous and coniferous trees and shrubs will be planted
on berms and embankments to screen waste dumps. Prior to final
revegetation of embankments, berms wiil be contoured to present
a "rounded-off" edge and where possible (within imposed geo-
technical constraints) will be blended with adjacent topography.
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5.5 MATERIAL STORAGE AREAS

Storage areas include the coal blending stockpile, the low-grade
coal stockpile, surface soil stockpiles, and temporary stockpiles
of construction material.

The objectives of reclamation and protection measures in these
areas are to conserve soil, to minimize the area of non-vegetated
stockpile surface susceptible to erosion, to minimize the overall
area of disturbance, and to reduce potential dust, leachate, run-
off, and fire hazard.

PRE-PRODUCTION PERIOD

The coal blending faciiity will be constructed during pre-produc-
tion; temporary perimeter ditches will be in place as required to
isolate and contain runoff from the area to be cut and filled.
The cut and fill area will be constructed of compacted impervious
construction material (glacial till) to minimize seepage. Although
coal conveyed to stockpiles will be at field moisture levels, the
surface of piles will probably dry out during summer. Water
hydrants located throughout the blending facility and fire
fighting equipment will be available to respond auickly to any
fire or severe dust problems. After blending operations are
established, site-specific research will be done to assess the
extent of dusting and to develop control measures to meet both
air and coal quality standards.

Under normal unsaturated conditions, no leachate or runoff is ex-
pected from coal stockpiles. Leachate and runoff resulting from
a prolonged rainstorm will be collected and treated as required
in the main water treatment lagoon.

The risk of fire from spontaneous combustion of coal will be mini-
mized by compaction and excavation as required. Short coal stor-
age time and temperature monitoring will reduce the potential for
coal fires.

Three major surface soil stockpiles and several minor stockpiles
will be constructed during pre-production. The estimated area and
volume of3the stockpiles will cover 4.3 ha and will contain

128? x 107 BCM of surface so0il by the end of pre-production (Table
5-1).



TABLE 5-1

Schedule for Aemoval . Stockpiling, and Re-uUse
of Surface Reclamation Materials
Hat Creek Project Mining Feasibility Report 1378

SOIL REMOVAL

VOLUME RE-USED

Locaticn Time Volume  Stockpile Area Soil Buffer Totai
{# ribbons) Material

Qpen Pit Pre-Production 258 7 0 a 0
Years 1-15 736 21 Q a o
Years 16-35 443 13 0 0 1]
Years 35-45 o 0 0 o Q
Sub-totatl 1425 41 Q 0 0
Houth Meadows Dump Pre-Production 520 15 & 0 [
Years 1-1§ N7 ] 108 130 238
Years 16-35 358 10 1026 3420 4445
Years 35-45 0 0 521 2070 269),
Sub-total 1198 kL 1751 5620 7381
Medicine Creek Dump Pre-Production 0 Q 0 0 Q
Years 1-15 191 & 0 0 0
Years 16-35 460 13 636 1850 2486
Years 35-45 0 i] 519 1730 2249
Sub-total 851 19 1155 3580 4735
Low Grade {oal Stockpile Pre-Production 65 2 0 0 Q
Years 1-15 o3 0 16 86 102
Years 16-35 0 0 16 B6 102
Years 35-4% 0 _ 0 33 172 205
Sub-total a5 2 65 344 405
Service Yards (inciudes coal stockpiles) Pre-Production 30 9 0 ] ¢
Years 1-15% 0 0 o Q 0
Years 16-35 0 0 0 ] ]
* Years 35-45 _ & _.b 320 _264 584
Sub-total 320 9 320 264 584
Conveyor Corridors Pre-Production 21 0.6 0 ] ]
Years 1-18 k] 0.4 0 0 Q
Years 16-35 1} 0 o a 0
Years 35-45 .0 D 30 _9 30
Sub-total 10 1 30 9 30
Roads Pre-Production 77 2.2 0 0 )
Years 1-15 50 1.4 0 0 ¢
Years 16-35 4 0.7 a 0 Q
Years 35-45 0 _ o 71 i 71
Sub-total 151 4.3 71 D Fal
Clearwater Reservoirs Pre-Production 41 1 a1 i 41
Years 1-15 0 il a o 0
Years 16-15 0 il a 0 0
Years 35-45 _ .0 _g a 0 0
Sub-total 4 1 41 o 41
Lagoons Pre-Production 27 0.8 27 0 27
Years 1-15 3 0.1 3 0 3
Years 16-13% 0 3 0 0 Q
Years 35-45 i _0 - _5 30

Sub-total 30 0.3 30 0
Hat Creek Diversion Pre-Praduction 19 0.5 14 0 19
Years 1-15 a ] i} 0 0
Years 16-35 ] 0 o o 0
Years 35-45 0 _n 0 0 a
Sub-total i9 0.% 19 bl 19
Grand Total 3937 113 3492 9808 13300
Pre-Production 1283 36 93 1] 93
Years 1-15 1371 40 127 218 343
Years 16-35 1283 37 1678 5356 7034
Years 15-45 [} ] 1594 4236 5830

Note: Volume: BCM x 103
Stockpile Area: 1 ribbon - 1163 me - g.]? ha
Stockpile Volume:; 1 ribbon = 34 B78 m3 = 35 BCM x 103
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The proposed method of soil stockpile construction is illustrated
on Figure 5-7. Surface soil will be transported from specified
development areas {refer Figure 3-3) to stockpiles normally located
less than 1.5 km distance from the source.

Thirty metre wide active "ribbons" will be constructed by the
scrapers, which will be revegetated as soon as possible after
dumping with a rapidly-growing nurse crop for stabilization against
erosion. Vegetation grown on soil stockpiles will be maintained

by fertilizer as required. Stockpile design and location will be
optimized as on site experience is gained. Soil stockpiles will

be stabilized as soon as possible during Fall with a ryegrass mix-
ture or the following Spring with a grass-legume mixture. Tempo-
rary vegetation, mulch, dust suppressants, and chemical sprays will
be used as required to stabilize non-vegetated surfaces. Soil
stockpiles will be surrounded by small perimeter ditches to contain
runoff sediment. Proposed locations for soil stockpiles during pre-
production are illustrated on Figure 5-3)

YEARS 1 T0 15

The estimated area and volume of soil stockpiles by Year 15 are
9.1 ha and 2654 x 103 m3, respectively.

Prior to placement of the low-grade coal stockpile, vegetation
will be removed and surface soil scraped and transported to stock-
piles. The foundation of the low-grade coal stockpile will be
constructed of compacted impervious material with the surface of
the foundation sloping towards the water treatment lagoons. Two
locations for the stockpile were originally considered, one on
the mountain between the Medicine Creek dump and the generating
station, the other at the toe of the Houth Meadows embankment be-
tween the water treatment facility and the conveyor causeway.

The latter site was chosen as it was more accessible, gave the
stockpile wind protection, was close to established water treat-
ment lagoons, and the area was considered already environmentally
disturbed, thus, preventing disturbance of new areas.

Low-grade coal will be spread in 0.5 m layers and compacted. The
stockpile would be divided into 4 areas of equal size and low-grade
coal would be deposited in one of these areas only, until an eleva-
tion of 895 m ASL is reached. At this level, the compacted surface
would be reclaimed and deposition of low-grade coal would proceed
in the next area.
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When stockpiling is completed, the low-grade coal will be covered
with non-sodic medium-textured overburden (buffer material), fol-
lowed by 15 to 30 cm depth of surface soil, and revegetated. The
depth of buffer material required to cover sodic low-grade coal
will be based on site-specific research.

Water and chemical suppressants will be employed as required to
reduce dusting. Runoff and leachate from prolonged rainstorms
will be trapped by perimeter ditches and by the impervious founda-
tion, and will be conveyed as required to treatment or holding
lagoons. Under normal unsaturated conditions, leachate is ex-
pected to be negligible

YEARS 16 TO 35

The ultimate stockpile capacity (allowing for swell and maching
compacting) required to contain the Tow-grade coal mined is esti-
mated to be 10.75 x 106 m3 and the maximum estimated area of dis-
turbance is 17.2 ha. The final elevation at Year 35 would be

910 m with side slopes of (2.5 to 1) 22°,

During Years 16 to 35, areas and volumes of surface soil stock-
piles will vary as soils are used in capping final surfaces just
prior to revegetation. Surface soil stockpiles will be stabilized
by vegetation until excavated for reclamation use. Where possible,
surface soils removed during the later stages of mining operations
will be used immediately for reclamation of final surfaces without
stockpiling so as to minimize the areal extent of stockpiles and
the area susceptible to dusting and erosion.

Reusing surface soils immediately after they are removed, reduces
the potential for compaction and deterioration. Freshly excavated
and spread soils are expected to have improved microbiclogical,
chemical, and physical properties compared to stockpiled soils.
Another advantage is that it contains remnant native plant seeds
and parts which will speed up the reclamation process.

YEARS 36 TO 45

Revegetation of the coal stockpile and blending area will be ach-
ieved within 10 years after mining is completed. Unused coal
will be Tevelled, resloped to blend with adjacent topography, and
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compacted to prevent spontaneous combustion. Coal will be sealed
with a Tayer of non-sodic medium-textured overburden, surfaced
with 15 to 30 cm of soil, and revegetated.

Depth of coverage required to prevent spontaneous combustion and
to support vegetation will be based on site-specific research.

Low-grade coal will be covered and revegetated in a manner similar

to coal. HNative deciduous and coniferous trees and shrubs will be
planted where possible to screen stockpiles and perimeter ditches

retained to convey potential runoff or seepage to the open pit or

lagoons.

Soil stockpiles will decrease progressively both in area and vol-
ume following mine shutdown as the material is spread over dis-
turbed lands. When the stockpiles are depleted, the sites will be

Tevelled and resloped to blend with adjacent topography before re-
vegetation is carried out. -
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5.6  TRANSPORTATION CORRIDORS

Transportation corridors include rights-of-way, overland conveyors,
haul roads, service roads, and transmission lines.

Suitable surface soils will, where possible, be removed from cor-
ridors before construction and will normally be stockpiled in ad-
jacent areas. Revegetation of inactive portions of transportation
corridors should be initiated as soon as possible following con-
struction to minimize potential for dusting and erosion. Cut and
fill slopes will, where practical, be resloped to 26° and revege-
tated. Trees and brush will be removed from rights-of-way to re-
duce fire hazard.

PRE-PRODUCTION PERIOD

Roads will be sprayed with water to control dusting, and in winter,
calcium chloride will be appiied to improve traction. Where prac-
tical, road cuts and fill slopes will be resloped to 26° to permit
revegetation of these areas as soon as possible following construc-
tion.

Runoff and sediment transport which could result during construc-
tion will be intercepted by temporary ditches and straw bale dykes
as required. The construction of water treatment lagoons and of
the Hat Creek diversion before conveyor construction will reduce
runoff entry to Hat Creek. Conveyor corridors will vary in width
up to 40 m depending on cut and fill requirements; slopes will be
reduced to a stable angle to permit revegetation.

YEARS 1 70 35

The estimated area and amount of scil stripped and conserved from
transportation corridors is summarized in Table 5-1. Revegetation
of corridors will proceed concurrently with construction.

The hooded coal conveyors will be enclosed in galleys within po-
tential snowdrift areas. The potential for dusting from the coal
and waste being transported is considered minimal because these
materials are mined and conveyed at field moisture conditions.

A hydrant system will be incorporated along the length of the over-
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land conveyor and sprinklers or foam will be available within
galley portions to ensure adequate protection against fire.

Based on current production schedules the conveyor and transmis-
sion line to Medicine Creek will be constructed in Year 15.
Environmental protection and reclamation practices employed for
the Medicine Creek conveyor will be similar to those described
above,

563  YEARS 36 TO 45

During the years immediately following mine shutdown, conveyors,
transmission lines, and culverts will be dismantled and removed,
and transportation corridors will, where practical, be resloped
to blend with adjacent topography. Roads (except main access
roads) and conveyor routes constructed of gravels and glacial till
will be ripped to relieve compaction before revegetation. Water
bars will be constructed on slopes with a potential for rill
erosion.

5-25



571

572

573

5.7  SUPPORT FACILITIES

The present land use of the proposed support facilities area is
predominantly forest. The site quality has a poor rating and re-
clamation will be designed to enhance the value of the disturbed
land.

PRE-PRODUCTION PERIOD

Perimeter ditches will be placed around support facility sites
prior to construction in order to prevent runoff entry to either
Hat or Harry Creeks. A buffer zone of forest at least 30 m wide
should be left on the east side of the support service area in
order to help screen the storage complex from main access roads.
Following construction, cut and fill embankments will be revege-
tated as soon as possible with a dryland grass-legume mixture and
native trees and shrubs.

Lawns and shade trees will be planted in selected areas near of-
fices and parking lots to improve the overall appearance and to
reduce the potential for dusting.

Water hydrants will be located throughout required areas of the
service complex to provide fire protection.

YEARS 1 T0 35

Based on current mine planning, the size and location of support
facilities should not undergo any significant changes subsequent
to initial construction. Reclamation activities will be minor
and concerned primarily with revegetation in areas of site expan-
sion or relocation and in areas left inactive for a number of
years.

YEARS 36 TO 45

During the years following mine closure, buildings not retained
for alternate uses such as ranch operations will be dismantled,
sold, and levelled to their foundations. Any areas littered with
scrap metal, broken equipment, etc., will be cleared during mine
clean-up operations prior to reciamation. After removal, the
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majority of the service area will be ripped to relieve compaction,
covered with 15 to 30 cm of soil, and revegetated. Where practi-
cal, slopes will be regraded to blend with adjacent topography.
Hhere surface materials are unsuitable for plant growth, a suit-

able depth of overburden will be placed before s0il coverage and
revegetation.
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5.8 REVEGETATION OF DRAINAGE CONTROL SYSTEMS

Watercourses, wetlands, and riparian habitat occupy a relatively
small portion of the mine area but are considered of primary im-
portance for wildlife, waterfowl, fisheries, and downstream users.
Effort will be made to conserve and rehabilitate as much of this
habitat as practical within the constraints imposed in mining the
deposit. Lagoons, diversions, ditches, and reservoirs will be
revegetated to establish wetland and riparian habitat wherever
possible. Drainage control structures, where lined, will be
grass seeded; in unlined portions and where reclamation efforts
would not affect designed flow capacity or erosion, grasses,
shrubs, and trees will be planted.

Diverted clean water will be channelled around development areas
and discharged to the natural water drainage system. Wastewater

from the mine will undergo treatment to meet regqulatory objec-
tives or baseline conditions.

PRE-PRODUCTION PERIQD

581.1 Hat Creek Diversion

Due to design constraints, reclamation within the Hat Creek Diver-
sion Canal is limited to revegetation with shallow rooted grass

and legumes. This will reduce erosion of the till lining and im-
prove the appearance without obstructing projected flows. Along
outer slopes of the canal, trees, shrubs, and grasses will be
established., As part of the canal inspection, any woody growth
invading the inner canal slopes will be pruned back to prevent dis-
ruption of the liner.

581.2 Finney Creek Diversion

Finney Creek diversion will be bordered on one side by a service
road. The canal will be at least 2.4 m deep, 15 m wide, and will
be 1ined with 60 cm of till in areas where pervious soils are
encountered.

Constructed through an ephemeral wetland zone containing numerous
small ponds, the canal and road slopes will be revegetated with a
grass-legume mixture as soon as possible, Trees and shrubs con-
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sidered valuable for riparian habitat will be planted in selected
areas outside the canal on the side opposite the road.

£81.3 West and North Perimeter Ditches

Interceptor ditches will be revegetated in a similar manner to the
Finney Creek diversion. Due to the narrow width of the corridor,
rapid invasion of native vegetation is expected. In selected
areas where native plant invasion is slow and sufficient moisture
is available, native plant species considered valuable for ripa-
rian habitat will be planted.

581.4 Reservoirs

During construction fertile alluvial soils will be stripped and
conserved adjacent to reservoirs. Areas adjacent to the pit rim
dams and reservoirs would be revegetated as soon as possible fol-
lowing construction with a grass-legume mixture to stabilize erod-
able surfaces and improve the aesthetic appearance. Native plants
will be established around the reservoir above the water line to
provide a marsh edge for waterfowl habitat. Fencing the reservoir
area to prevent cattle entry should help increase standing vegeta-
tion important for waterfow! nesting, brooding, and cover.

During operations, experience will be gained with the interplay of
water level, fluctuation, nutrient content, water temperature, and
hunting restrictions. Water chemistry within these reservoirs (pH
and §a11nity) is projected to be suitable for waterfowl (Beak,
1978).

Trial fish stocking programs will be attempted providing final re-
servoir design allows for adequate fiows and a minimum water depth
of 9 m. The volume of 1ive storage within the Pit Rim Reservoir
could be maintained by releasing water from the headworks dam to
the original Hat Creek stream bed. This would also reduce the
effective length of the Hat Creek Diversion Canal and may reduce
the projected water temperature rise during low flow periods.

With a pump intake on the Pit Rim Reservoir located near the bottom
of the pond, cooler water could also be diverted to the canal. Low
flows in Hat Creek may be partially augmented by utilizing live
storage volumes on the headworks dam and Pit Rim Reservoir.
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581.5 Lagoons

During construction fertile alluvial soils will be stripped and
conserved. Perimeter slopes would be reduced to a stable angle
which permits early revegetation with a grass-legume mixture.
Native trees and shrubs would be planted around the lagoon peri-
meters to provide wind protection and promote gquiescent settling
conditions. Use of nitrogen-fixing species and minimal phosphate
fertilizer applications on the adjacent calcareous soils should
reduce the potential for nutrient loading in receiving waters.

Water levels in the sedimentation lagoons will fluctuate signifi-
cantly throughout the year. Major inflows are expected during the
period of spring freshette. During summer, water levels will de-
cline due to evaporation although rainfalls may temporarily in-
crease the levels,

YEARS 1 TO 35

Temporary drainage ditches will be constructed in the mine area
throughout the project life to isolate surface runoff from working
areas. Ditches will be revegetated with a grass-legume mixture to
provide a grass waterway as soon as possible following construction.
Permanent ditches, such as those established in Medicine Creek
Valley will be grassed and wherever possible trees and shrubs will
be planted to provide shade and improved habitat. During mining
the Hat Creek Diversion may be altered to either a higher elevation
open canal or a canal-tunnel. The cut and fill slopes of the new
alignment will be revegetated as soon as possible following con-
struction and, where practical within the constraints of engineer-
ing design, native trees and shrubs established to provide riparian
habitat.

YEARS 36 _TO 45

Ditches, diversions, lagoons, and reservoirs would be left intact
in order to isolate runoff from waste disposal areas and the open
pit. During Years 36 to 45 lagoons, ditches, diversions, and re-
servoirs would be monitored and maintained by reclamation staff,
in accordance with the appropriate regulatory agency. Over the
long term, diversions, ditches, and reservoirs could be used by
local residents to supplement irrigation supplies. They would,
however, continue to regquire maintenance.
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5.9  SUPPLEMENTARY PROTECTION MEASURES

MONITORING PROGRAMS

591.1 Land

Geotechnical monitoring of pit slopes, waste dumps, and slide areas
will continue during mining to ensure operating safety and to
develop reliable abandonment procedures. Temperature of carbona-
ceous materials will be monitored to prevent spontaneous combustion.
The quality of soil and buffer materials placed over wastes will

be monitored to ensure adequate depth of uncontaminated growth
medium. The quantity, quality, regeneration potential, and nutrient
and metal content of vegetation grown on disturbed mined-land will
be monitored to determine if vegetation is self-sustaining and
satisfactory for livestock and wildlife consumption.

591.2 MWater

Surface and groundwater quality and quantity will be monitored to
ensure compliance with present PCB level A objectives. Potential
seepage and leachate flows will be monitored in groundwater wells
located near waste dump embankments and the perimeter of the coal
and low-grade coal stockpiles. Discharge from all treatment la-

goons will be monitored regularly prior to discharge.

The primary objective of water monitoring will be to segregate sedi-
ment-laden water, clear water, waste water, and other surface flow.
Sources of varying water quality may then be treated as required

by regulatory agencies to ensure an acceptable discharge to Hat
Creek.

591.3  Air

Suspended particulate and dustfall leveils will be monitored at
strategic locations in the mine area and on the mine perimeter.

Air quality monitoring in the mine area will also include parameters
considered important in evaluating the effect of the generating
station emissions on water, soils, flora, and fauna of the mine
area.
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592  MAINTENANCE PROGRAMS

Regular inspection and maintenance of revegetated areas and envi-
ronmental protection structures by knowledgeable personnel is con-
sidered essential. Revegetated areas will be fertilized as re-
guired until vegetation is considered self-sustaining.

Small quantities of sediment removed from ditches will be buried
or disposed of behind a protective berm or grass filter strip and
revegetated. The sediment accumulation from the main treatment
lagoons may not have to be removed during the 35-year mine period
due to their large storage capacity.

593  EMERGENCY MEASURES

593.1 Spontaneous Combustion

Reducing atmospheric exposure time, compaction, and sealing with
clay are all methods which can be used to minimize spontaneous
combusion of carbonaceous materials. Should any fires develop in
coal or low-grade coal stockpiles, sufficient mobile fire fighting
equipment in the form of excavating equipment, pumper trucks, hose
or hydrants will be available.

After mine operations are completed, exposed carbonaceous material
outside the pit may be buried to a sufficient depth with compacted,
fine-textured overburden. The nature and extent of fire control
measures adopted within the pit will be based on future mining
considerations and on the degree of hazard determined from 35 years
of mining experience,

593.2 Flooding

The Hat Creek and Finney Creek diversion canals, and the major diver-
sion ditches at Medicine Creek and on the western valley slopes will
be designed to handle all flows up to the 1 in 1000 year rainfall
event, while ditches within small watersheds in the mine area are
designed to accept a 1 in 100 year rainstorm. Small diversion
ditches and treatment Jagoons are capnable of containing a 1 in 10
year, 24-hour rainstorm with zero discharge, although floods ex-
ceeding this Tatter capacity would not affect mine operations.
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593.3 Instability

Both the open pit haul roads and main access roads will accommo-
date intermittent small slope failure during operations.

The risk of massive pit slope and entrance ramp failure during
?perati?ns will be minimized by constructing moderate slopes
16-25°).

Waste dump embankments will be engineered and located on Marble
Canyon limestones, Mount Lytton intrusives, and Kamloops vol-
canics foundations, thereby reducing potential for regional
failure. Embankments will be constructed of compacted sands and
gravels and should thereby prevent any potential liquefaction of
either fine-textured lenses or fill in the event of severe seis-
mic shocks. Waste dump surfaces will be constructed at a 3°
slope, which is less than the angle of repose of the unstable
materials.

Slide instability will be reduced by draining numerous small
ponds and lakes on the west side of the pit before mining. De-
pressurization of groundwater agquifers will also help in stabi-
lizing materials near the open pit.

The probability of earthquakes near Hat Creek was estimated by
the Victoria Geophysical Observatory based upon statistical
analysis of 1169 earthquakes in the region between 1899 and 1974.
The analysis showed that the seismic risk to the mine is not
considered to be a serious problem.

SPECIAL SALVAGE MEASURES

594.1 Archaeological

A conservation strategy will be adopted to preserve significant

heritage resources excavated during surface soil and overburden

removal. As scraper work will be carried out progressively dur-
ing mining, there will be sufficient time to complete an inven-

tory of heritage resources in proposed development areas.
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594.2  Equipment

During mining, scrap equipment, metal, tires, etc. will be sold
and removed from the property, where practical. When the mine is
shutdown, fixed equipment including conveyors, coal, and spoil
handling equipment, electrical supply systems, and pipework will
be dismantled and sold as will heavy structural steel, electrical
copper, and other scrap metal. Unuseable scrap left in the ser-
vice area will be cleared and disposed of.

594.3 Buildings

Mine buildings should either be dismantled or demolished and
levelled to their foundations. Depending on ultimate land use,
selected buildings such as workshops, stores, and large-sized
concrete pads could be usefully retained as ranch buildings and
feed-Tots.

EDUCATION PROGRAMS

The proposed Hat Creek mine will be constructed primarily in
grasslands and open forest located on fine-textured soils. Summer
drought in grassland increases the potential for dust and fire.
Compared to forests, grasslands also have less capacity to absorb
overland water and sediment flow.

Operating personnel will therefore receive basic instruction in
preferred work methods to reduce potential for fires, dusting,
and increased surface runoff, and will be made aware of sensitive
environmental and heritage areas. Indiscriminate disposal of
wastewater, garbage, and broken equipment in undesignated areas
and unnecessary removal of native vegetation will be discouraged
as well as unnecessary use of off-road vehicles in grassland and
open forest. The potential for greatest environmental degrada-
tion exists during the period of mine development. Contractors
and operators will be informed of preferred work methods in order
to minimize off-site damage and to prevent unnecessary environ-
mental disturbance.

With permanent reclamation and environmental staff on site to pro-
vide instruction, a regular briefing/information period can be set
up for operating staff {supervisors and equipment operators}.
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5.10  RECLAMATION AND ENVIRGMMENTAL SERVICES COMPLEX

Reclamation (primarily soils and vegetation aspects} and pollution
control (primarily air and water aspects) facilities have been
identified. It is proposed that an environmental services compiex
be constructed on reasonably fertile, level agricultural land to
"the southeast of the 35-year open pit area (refer Figure 5-3).

It would comprise: an office-sample preparation building, two
greenhouses (primary, aluminum and glass; secondary, metal or wood
quonset structure), a machinery storage shed, bulk fertilizer
storage bins, and a nursery. Analytical laboratory testing for
air, water, soils, and vegetation parameters is proposed to be
conducted within the main administration-service complex north

of the open pit. This is located in a common facility with the
coal Taboratory and can thus utilize common major analytical equip-
ment as well as any special utility function related to power,
water, and ventilation. Samplies will be obtained by environmental
staff, prepared at the environmental services complex, and taken
to the main service area for analysis. Sample storage will be
maintained within the environmental services building.

The environmental services complex will be constructed during the
pre-production period, and any laboratory or office work required
previous to this can utilize temporary or mobile facilities on
site., Equipment and staff will be built up as necessary through
to Year 15 in accordance with the volume of reclamation work,
From Years 15 to 40 a full complement of staff and facilities
would be on site.

For planning purposes the following numbers and details of staff,
facilities, and equipmént have been estimated.

A. Analytical Lab

1. Staff - 1 professional
2 lab technicians
1 field assistant
2. Facility - Tlaboratory and offices within the

central administration-service complex

3. Equipment

analytical equipment to compiete all
required tests except bicassay and
metals analysis.

72 x 4 wheel drive 1/2 ton vehicles
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B. Environmental Services Complex

1. Staff - 3 professionals (including 1 supervisor
for all environmental operations)
- 2 technicians
- 4 summer staff workers Years -4 to 5
- 6 summer staff workers Years 6 to 20
- 12 summer staff workers Years 21 to 39
- 1 secretary Years -4 to 45
2. Facility - one office/sample preparation building

size 10 m x 15 m; concrete slab

- one primary greenhouse (including
special lighting fixtures); concrete
stab size 7 x 15 m

- one secondary greenhouse; concrete
siab size 5 mx 10 m

- two bulk fertilizer storage bins
size2mx2m

- one machinery storage shed size 15 m x 20

- nursery area approximately 10 ha (final)
in size

3

3. Equipment - 3 x 4 wheel drive 1/2 ton trucks
- 1 mid sjze conventional farm tractor
- 1 utility farm tractor
- seed drill
- vermeer tree planter
- sheeps foot roller
- disc harrow
- fertilizer applicators
- sprinkler irrigation system {nursery)
- miscellaneous hand and small impiements

The environmental services complex, including nursery lands, will

be fenced (standard range fence} to prevent inadvertent access and
grazing by Tivestock. Helipcopter and hydro-seeding are proposed

to be contracted out as required.

Material handling requirements for the reclamation programs will
utilize standard mine fleet vehicles as required. Tasks such as
removal of surface soils, stockpiling, resloping and spreading
were considered to utilize scrapers, and bulldozers.
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5.11  SUMMARY

Local surface soils are considered to be the most suitable
materials available for reclamation in order to achieve desired
end land use and productivity. These soils, varying in depth
from 15 cm to 45 cm, will, where practical, be conserved from all
disturbed areas and reused in 15 cm to 30 cm layers.

On areas identified as having serious sodic problems such as waste
dumps and low-grade coal stockpiles, a sufficient depth of non-
sodic overburden will be applied as "buffer material” to form a
plant root zone between surface soils and sodic wastes. Based on
limited data, a buffer depth of 1 metre has been chosen for plan-
ning; on-site research during mining may suggest an increase or
decrease in depth of buffer material. Mine planning is presently
allowing for excavation and transportation of 10 x 106 BCM of non-
sodic glacial till and alluvial sands and gravels, which will be
stockpiled on or near waste dumps for later use in reclamation.

In general suitable buffer material should have pH ranging from

5.0 to 8.5, electrical conductivity less than 4 mmhos/cm, sodium
adsorption ratio less than 10, and exchangeable sodium percentage
less than 15%. Non-sodic medium-textured glacial till with satis-
factory moisture retention for plant growth is considered the most
desirable "buffer material”™. Alluvial and glaciofluvial overburden
are also suitable but may require greater depth to provide adequate
moisture storage for plant growth. Further soil testing will con-
firm the suitability, depth, and selection of an adeguate buffer
material.

Productivity of revegetated land is dependent on the quality and
depth of surface reclamation material. Increasing depth will im-
prove moisture and nutrient storage for revegetation, however,
depth is constrained by scheduling of equipment, availability of
suitable material, and cost. Current plans are to cover non-sodic
waste and overburden with 15 to 30 cm depth of surface soil.

Commercially available range grasses and legumes will be seeded
initially to stabilize non-vegetated areas. Ongoing field research
will provide data for the appliication of field-tested seed mixtures
and fertilizer programs during mine construction and initial years
of operation. Commercial range grasses and legumes will be ferti-
lized and managed until vegetation is self-sustaining. The deter-
mination of whether vegetation is self-sustaining at a given point
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in time will be based on change in vegetative cover, species com-
position, biomass, nutrient content, and seed yield and viability.
Nutrient cycling and soil development studies would aiso ensure
that established vegetation is self-sustaining.

Nutrient and trace element content in forage and browse will be
monitored to ensure satisfactory levels for livestock and wild-
life.

Although the diversity of present native vegetation and soils can-
not be duplicated exactly, native plant species will eventually
invade the perimeter of revegetated areas and over the Tong term
initiate succession similar to that on adjacent lands.

Selected areas for wildlife habitat will be planted with native
trees, shrubs, and forbs. On-going studies of the food, cover,
nesting, watering, breeding, and migratory habits of Tocal fauna
should provide the basis for establishment of wildlife habitat.

Wetlands and riparian habitat cover a relatively small area (190
ha), but are particularly important for waterfowl and wildlife use.
Where possible, these areas will be considered.

The perimeters of Hat and Finney Creek diversions, interceptor
ditches, reservoirs, and water treatment lagoons will be revege-
tated as soon as possible following construction. An attempt at
rehabilitating and re-establishing riparian habitat will be made
based on conservation and re-use of fertile alluvial soils and

the propagation and re-planting of dominant, characteristic native
plant species.

To prevent overgrazing of revegetated lands and minimize the resul-
tant potential for exposure of materials susceptible to wind and
water erosion, fencing is considered essential. When vegetation

is considered self-sustaining, grazing or browsing will be con-
trolled and managed to prevent degradation of revegetated lands.

The potential for fire from spontaneous combustion of carbonaceous
materials will be reduced on low-grade coal stockpiles by compac-
tion and covering exposed material with a buffer material and sur-
face soil. Coal blending stockpiles will be in place for approxi-
mately two weeks prior to conveying to the generating station,
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thus reducing the potential for combustion. Approximately 20% of
the coal present within the blending area will be stockpiled and
compacted. Additional protection will be provided from hydrant
water supply throughout the storage yards, and equipment capable
of excavating any burning coal. Research during the course of
mining will determine the need for sealing carbonaceous material
exposed in an abandoned open pit.

511.1 Disturbances

Estimates of the land areas disturbed by various mining activities
are presented in Table 5-2. Surface area of disturbance at the
end of pre-production, Year 15, and Year 35 total 528, 1257, and
1931 hectares, respectively.

511.2 Environmental Losses

The reclamation and environmental plan was based in part on identi-
fication of major environmental losses due to the proposed mine
plan. Regional losses or land alienated but not disturbed between
development areas were not considered. The distribution of major
environmental losses among land disturbances and major land uses
(agriculture, forestry, wildlife habitat, and wetland habitat) is
summarized in Tables 5-3, 5-4, and 5-5, and is described below.

Agriculture

About 1408 hectares of Agricultural Land Reserve will be disturbed
by the proposed mine plan. C(lass 3 agricultural land {428 hectares)
will be distrubed primarily by the open pit. Grazing land (about
1255 hectares of Class G-2 and G-3) will be disturbed mainly in
areas proposed for waste dumps and the open pit.

Forestry

About 1086 hectares of poor productivity forest land (MAI of
1 m3/ha) will be disturbed by the proposed mine plan.
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TABLE 5-2

Estimated Area of Disturbance {hectares)
(cumulative)
Hat Creek Project Mining Feasibility Report 1978

End of Year  Year
Disturbance Pre-Production 15 35
Dpen Pit 105 506 606
Waste Dumps
Houth Meadows 165 445 610
Medicine Creek *x * 385
sub-total 165 445 995
Stockpiles
Low grade coal * 17.2  17.2
Coal 26.4 26.4 26.4
Topsoil 4.3 9.1 13.6
sub-total 30.7 52.7 57.2
Service Yards 107 1a7 107
Roads
Pit perimeter 22.5 39.2  47.3
Main access 3.0 3.0 3.0
sub-total 25.5 42.2  50.3
Conveyor Corridors
Thermal Plant 14.0 4.0 14.0
Medicine Creek o 6.0 6.0
sub-total 14.0 20.0 20.0
Water Treatment Lagoons
Main g.0 9.0 9.0
Medicine Creek * 2.0 2.0
sub-total 3.0 11.0 11.0
Clearwater Reservoirs
Headworks (upper) 6.1 6.1 6.1
Pit rim {Tower) 8.8 8.8 8.8
sub-total 14.9 14.9 14.9
Ditches 14.0 15.8 27.0
Stream Diversions
Hat Creek 33.6 33.6 33.6
Finney Creek 8.9 8.9 8.9
sub-total 42.5 42.5 42.5
GRAND TOTAL 528 1257 1931

* not constructed
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TABLE 5-3

Estimated Environmental Losses [{hectares)
Hat Creek Project Mining Feasibility Report 1978

WASTE DUMPS

Open “Houth Medicine Service Stock-
Losses Pit  Meadows Creek Yards piles
Rgriculture
A.L.R. 590 215 293 107 53
Class 3 174 61 0 7 50
Class § 126 93 o3 0 a
Class G-2 3066 134 134 a 4
Class G-3 0 112 246 ] ]
Class G-4 _n o _5 _30 3
Tatal 606 6810 386 107 57
Farestry
Open Range 423 188 125 4] 17
Non-Productive 0 12 0 0 0
Poor 183 382 260 147 40
Medium 4} 26 0 0 0
Goad oz o
Total 606 810 385 107 57
Wildlife Habitat
Douglas fir-
Finegrass 60 310 131 14 40
Sagebrush Grass-
1and 363 157 ] 0 10
Pondercsa pine-
Douglas fir- 143 16 133 50 4
Grassland
Mid-elevation
Grassiand v 0 104 0 o
Low-elevation
Grassland z a o 5 o
Riparian® 38 4] 0 1] 3
Aspen 0 19 17 ] 0
Bog 0 6 ] 0 0
Rock 0 _z 9 2 a
Total 606 610 385 07 57
Heritage Sites
Surficial Sites 158 72 36 0 0
Estimated Site Area 7 9 0.6 0 a
Wetland Habitat
Riparian Zere 107 a 1 0 3
Ephemeral Wetland
Zone 0 65 o 9 0
Ephemeral Ponds 2 2 ol bl i}
Intermittent Ponds g ] 1] 0 0
Semi-Permanent Ponds 7 1 il u 0
Permanent Pond
{Edge Vegetatiom) e 7 o 0 a
Permanent Pond (Ko 1 9 g o
Edge Vegetation)
Watercourses
Hat Creek 5 0 a Q
Finney Creek 3.2 0 ] 1]
Medicine Creek U 0 5 ]
Ephemeral Creeks
{Houth) 0 2.5 )] 0
Lakes
Aleece Lake 15

CONVEYORS [VERSLONS
Thermal Medicine Hat Finney Reser-
foads  Plant Creek Creek Creek voirs Lagoems Ditches Total
50 7 [ 4 9 15 1 18 1408
17 7 2 12 0 [ 0 2 428
2 0 4] 0 8 9 9 1 248
30 & 4} Q 1 0 0 iR HEL)
0 1 4 0 a o o 30 373
al L L 2 e 2 3 %
50 14 ] 14 9 15 1 27 1931
2 4 2 3 9 15 T 5 805
0 o 0 0 0 0 0 0 12
47 10 4 1n 0 0 o] 2z 1086
0 a a a 0 o 0 0 26
0 Y 2 2 B ] £ o 4
50 14 5 7] k] 15 11 27 1931
20 4 3 2 0 4] 4] 17 611
2 0 ] 6 0 2 548
27 5 2 K 1 Q z 6 505
0 5 1 0 0 a Q 1 m
1 q a 0 8 6 Il 1 24
0 0 ] 0 a 5 5 0 51
0 0 0 0 4] Q bl 0 36
0 0 5} 0 0 0 0 0 ]
2 0 o g & 0 0 nl ]
50 14 6 14 9 15 1 27 191
0 0 0 12 o 0 ] 0 278
0 0 0 0.5 o 0 0 0 171
a 0 0 1] 0 5 5 0 120
0 0 0 o 0 0 0 0 65
] 0 0 0 4 ] 0 Q 8
0 0 0 0 1 0 Q 0 1
0 0 0 o 2 ] 0 [H 10
a 0 0 [} 1 0 0 0 8
] 0 0 0 2 0 0 0 5

* number of sites or ponds

** channel Tength in kilometres

Sources: Calculated from maps obtained from C8RC {1978) Agriculture, Reid-Collins (1978) Forestry, Tera (1978) Wildland and
Wetland Habitat, Poketylo and Beirne [1978) Heritage Resources
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TABLE 5-4

Percentage Summary of Environmental Loss
Hat Creek Project Mining Feasibility Report 1978

% of Total % of Total
Disturbance Disturbance
Agriculture ALR 73 Forestry
Class G-2 43 Poor 56
Class 3 22 Open Range 42
Class G-3 20 Other 4
Class & 13 100
Class G-4 2
100
Wildlife Habitat Wetland Habitat
Douglas fir-Pinegrass 32 Riparian Zone b
Sagebrush-Grassland 28 Ephemeral Wetland Zone 3
Ponderosa pine-Douglas fir- 26 (Dryland - not applicable - 9
Grassland 100
Mid-elevation Grassland 6
Riparian 3
Rock 2
Aspen 2
Low-elevation Grassland 1




£v-G

TABLE 5-5

Percentage Distribution of Major Environmental Losses

by Mine Operation
Hat Creek Project Mining Feasibility Report 1978

Materials Transportation Support
Environmental Loss Open Pit Waste Dumps  Storage Areas Corridors Facilities Other Total
Agriculture A.L.R. 42 36 4 q 8 6 100%
Class G-2 37 57 < 4 0 2z 100%
Class 3 41 14 10 5 16 14 100%
Class G-3 0 96 0 1 0 3 100%
Forestry Pocr 17 59 4 6 10 4 100%
Open Range 53 39 2 1 0 5 100%
Wildlife Habitat
Douglas fir-Pinegrass 10 72 7 4 b 5 100%
Sagebrush-Grassland 66 29 ? <1 0 3 100%
Ponderosa pine-Douglas fir-Grassiand 28 49 <l 7 10 [ 100%
Mid-elevation Grassland 0 g4 0 6 0 0 100%
Riparian 75 0 6 0 0 19 100%
Wetland Habitat
Riparian Zone 89 [y 2 0 0 9 100%
Ephemeral Wetland Zone Q 100 0 0 0 0 100%




Wildlife Habitat

The major habitats affected by the proposed mine plan include 611
ha of Douglas fir-Pinegrass (waste dumps), 548 ha of Sagebrush-
Grassland (open pit), and 505 ha of Ponderosa pine-Douglas fir-
Grassland (open pit and waste dumps). Smaller areas of valuable
habitat affected include 111 ha of mid-elevation grassland located
in Medicine Creek Valley, and 51 ha of riparian habitat.

Watercourses and Wetland Habitat

Mining for 35 years will disrupt about 5 km of Hat Creek, 3.2 km
of Finney Creek, 5 km of Medicine Creek, and Aleece Lake (15 ha).
About 120 ha of riparian zone will be lost in diverting Hat Creek
and approximately 65 ha of ephemeral wetlands west of the pit
will be affected by the Houth Meadows dump and Finney Creek
diversion.

511.3 Reclamation

Land areas which will be reclaimed throughout the mine area by the
end of pre-production, Year 15, Year 35, and Year 45 are summarized
in Table 5-6 and illustrated on Figures 5-3 to 5-6, respectively.
Reclamation is done progressively during mining and is carried out
as soon as any particular activity is completed. Any disturbed
areas left inactive for a number of years will be temporarily re-
claimed; none of these areas are indicated in tables or figures

as their locations may change with minor alterations in mine plan-
ning during actual operations.

The area of land to be reclaimed by the end of pre-production,
Year 15, Year 35, and Year 45 totals 71, 130, 705, and 1851
hectares, respectively, and is distributed on a percentage basis
as follows:
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TABLE 5-6

Estimated Area of Reclamation (hectares)
{cumulative)
Hat Creek Project Mining Feasibility Report 1978

End of Pre- Years Years Years
Location production 15 35 45
Open Pit - top 3 berms 0.0 0.0 0.0 115
Tower berms 491
606
Waste Dumps
Houth Meadows 2.0 38.0 380.0 610
Medicine Creek * * 212.0 385
Sub-total 2.0 38.0 592.0 995
Stockpiies
Low grade coal * 8.6 17.2 17.2
Coal 0.0 0.0 0.0 26.4
Topsoil 4.3 9.1 13.6 13.6
Sub-total 4.3 17.7 30.8 57.2
Service Yards 6.0 6.0 6.0 106.8
Roads
Pit perimeter 5.0 10.0 15.0 15.0
Main access 1.0 1.0 1.0 1.0
Sub-total 6.0 11.0 16.0 16.0
Conveyor Corridors
Thermal Plant 7.0 7.0 7.0 14.0
Medicine Creek * 3.0 3.0 6.0
Sub-total 7.0 10.0 10.0 20.0
Water Treatment Lagcons
Main 2.0 2.0 2.0 2.0
Medicine Creek * 0.5 0.5 0.5
Sub-total 2.0 2.5 2.5 2.5
Clearwater Reservoirs
Headworks (upper) 2.0 2.0 2.0 2.0
Pit rim {lower 4.0 4.0 4.0 4.0
Sub-total 6.0 6.0 6.0 6.0
Ditches 3.0 3.5 6.5 6.5
Stream Diversiaons
Hat Creek 27.0 27.0 27.0 27.0
Finney Creek 8.0 8.0 8.0 _8.0
Sub-total  35.0 35.0 35.0 35.0
GRAND TQTAL 71.3 129.7 704.8 1857

* not constructed
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Land Reclamation

Open Pit

Waste Dumps

Materials Storage Areas
Transportation Corridors
Support Facilities
Other (Drainage Control)

% of Total Reclaimed Area

Pre
Production Year 15 Year 35 Year 45

0 0 0 33
3 29 84 54
6 14 4 3
18 16 4 2
8 5 1 5
65 36 7 3
100 100 100 100

Attempts will be made to replace about 995 ha of grazing land and
wildlife habitat on waste dump surfaces. Reclamation of the open
pit could eventually provide wildlife habitat. Reclamation efforts
adjacent reservoirs, lagoons, ditches, and diversions will provide
about 50 hectares of riparian habitat. Clearwater reservoirs will
be retained after mining to aid in regulation of downstream flow,
flood control, and provide additional water for agriculture and
fisheries. Reclamation of stockpiles, service yards, and trans-
portation corridors (approximately 200 ha), will be devoted to
forest land, wildlife habitat, and open range depending on specific

lecation and elevation.

Approximately 80 ha of land {refer Tables

5-2 and 5-6) are indicated as unreclaimed. This comprises those
portions of roads (34 ha), lagoons (8.5 ha), reservoirs (9 ha),
ditches (20.5), and diversion canals (7.5 ha) remaining after min-
ing and on which no reclamation is carried out (i.e., water, active

road surfaces, etc.).
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SECTION SIX

ONGOING AND FUTURE STUDIES

In order to verify proposed methods of reclamation, the
following studies are envisaged,

- that an overburden and waste sampling program be
conducted during the initial years of mining to
determine variation in chemical and physical
characteristics with lithology and depth.
Specifically the program should examine sodium
adsorption ratio; exchangeable sodium percentage;
exchangeable cations; pH, electrical conductivity;
texture; moisture content; and the effect of
mixing and dilution of non-sodic materials with
sodic materials.

- that site specific research be initiated on
materials representative of final waste during
the early years of mining to determine the depth
of buffer material and surface soil required to
cover sodic waste in order to meet land use and
productivity objectives.

- that monitoring of vegetative growth on field
trial plots should continue in order to assess
reclamation alternatives using site specific
data. This program should also include evaluation
of revegetation success at drill sites. This
program should also include evaluation of sodicity
of the growth media and nutrient and trace element
content of vegetation grown on waste.

- that variation in quantity {biomass) and quality
(nutrient and trace element content) of range and
browse vegetation be determined in the proposed
mine area, Revegetation objectives should be
based on measured productivity.
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that selected chemical and physical properties of
mapped soil units be determined to ensure that
materials are suitable for use in reclamation.
Particular attention should be paid to inactive
and active slide areas and depressions at low
elevations,

that site specific research be conducted to deter-
mine methods of propagating local native plant
species considered valuable for wildlife, and
wetland habitat, These studies should be based
on the requirements of the local fauna for food,
cover, nesting, breeding, migration, etc.

that site specific research be conducted to
develop methods of reducing nitrogen and phos-
phorous fertilizer requirements for reclamation
to reduce potential for eutrophication of
receiving waters,
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APPENDIX 1

PROJECT GUIDELINES AND SCOPE OF WORK

As part of the overall Scope of Work incorporated in a
Contract For Services issued by the British Columbia Hydro
and Power Authority (BCHPA), Section B, Subsection (ix)}
listed below, was applicable to the reclamation and environ-
mental studies carried out, Authorization to proceed was
received from BCHPA during June, 1977,

"Incorporation into the planning activities
land reclamation and revegetation schemes

for the purposes of Section 8 of the Coal
Mines Regulation Act, as at the date of the
submission of the Mining Feasibility Report."

Following discussions between the Cominco-Monenco Joint
Venture and BCHPA, expanded guidelines for reclamation and
epvironmental matters were issued on 16 May 1978. These
are reproduced in full on the following pages.



. (a)

(c)

HAT_CREEK PROJECT

Guidelines for Reclamation and Environmental Matters
in Accordance with Section B9(ix) of Appendix B
to Contract of Services dated 16 May 1978

The Cominco-Monenco Joint Venture Environmental Section will:-

prepare a reclamation document which could be utilized as a
prime submission {(with related reports either as backup or
appendices) to regulatory authorities.

This document will utilize existing reports, new data based
on detailed mine planning, and environmental subconsultant
reports.

As per Section 8 of the Coal Mines Regulation Act, the docu-
ment will consider

{i} - location, nature and extent of the mine,

(i1} - nature and present uses of the land (this is assumed
to include water),

(iii) - a program for reclamation and conservation regarding
present and potential land use, agriculture, wildlife,
watercourses (see e.g. appendix reports Al-6, BHZ,
C1-4, D1&2, E1&3 of Detailed Environmental Studies).

examine requirements of all regulatory agencies including but
not limited to: ELUC, Ministries of Mines and Petroleum
Resources, Agriculture, Lands, Forest and Water Resources,
Environment, Recreation and Conservation,

assemble and integrate relevant data from detailed environ-
mental subconsultants;

(1) - evaluate applicability of data or conclusions or
both in Tight of mine planning,

(i1} ~ recommend and update data gap requirements where
necessary.



(d) consider the alternatives and preferred method of:

(i) - waste (liquid and solid) handling, placement and
disposal,

(i1)

1

topsoiling, contouring and grading,

(ii1) - revegetation,

{iv} - aspects of the biophysical, social and economic
environment related to the mine reclamation,

(v) - cost of reclamation.

. {a) assist and contribute to the mine engineering team (B.C. Hydro/
CMJV) on matters of:

(i) - assemble regulatory/environmental criteria for
engineering,
{(i1) - detail regulatory permits/licences etc. relative to

the environment,

(i)

assistance in environmental engineering problems
(e.g. dust, water quality, waste, etc.), examination
and selection of alternatives,

(iv)

liaison between mine engineering and environmental
subconsultants and environmental coordinator (on
environmental matters or questions and mine planning).

(b) perform other such duties as may be determined and agreed
upon from time to time.
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GLOSSARY

AUM,

activity day

bank cubic metre - BCM

bentonite

biophysical unit

B.0.D, 5

cation exchange capacity

¢.0,D.

Animal unit month defined as one
cow and calf or one 1120 kg steer
grazing for one month.

Number of days of the year that a
geographic area is used for various
types of recreation and used to
measure the impact of recreation

on the natural environment.

An in situ volume of 1 m3 or
TmxTmx 1 m

Is a clay formed from the decompo-
sition of volcanic ash and is
largely composed of the clay
minerals montmorillonite and
beidellite.

A broad geographical unit used for
land classification and mapping
based on landforms, soils, and
vegetation.

The five-day biochemical oxygen
demand used as an index for
measuring oxidation of wastes in
water.

The total quantity of cations which

a soil can adsorb by cation exchange,
usually expressed as milliequivalents
per 100 grams. Measured values of
cation-exchange-capacity depend
somewhat on the method used for the
determination.

The chemical oxygen demand used for
measuring oxidation of wastes in
water,
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GLOSSARY (Continued)

cultural depression site -~ A non-natural depression, often with
a mounded rim, usuaily thought to
be the remains of occupation or
processing/storage structures.

climax ~ A vegetation association that occu-
pies a habitat indefinitely unless
disturbed.

electrical conductivity - (EC) is directly related to the

concentration of soluble salts in
solution. EC of saturation extracts,
expressed as millimhos per centimeter
(mmhos/cm) at 25C is used for
appraising the effect of salinjty
on plant growth. EC less than 2 is
considered to have negligible effect
upon growth of most species, 2 to 4
is considered slightly saline, 4 to 8
L 4 . is moderate, 8 to 16 is severe, and
values over 16 indicate very severe
salinity.

eutrophication - Lakes termed eutrophic are those
whose waters are relatively rich in
plant nutrients, usually have much
rapidly decaying organic mud on
lake bottom and usually show reduced
oxygen tensions in their waters in
summer,

exchangeable cations - A cation that is adsorbed on the
exchange complex and which is capable
of exchange with other cations.

exchangeable sodium - The degree of saturation of the soil
percentage exchange complex with sodium. It
may be calculated by the formula:

ESP = Exchangeable sodium (meq./100 am soil) x 100
Cation-exchange-capacity {meq./100 gm soil
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GLOSSARY (Continued)

filterable residue

free interface settling
rate

hummocky

hydraulic conductivity

isotopic composition

kaolinite

leachate

LEQ

1ithic scatter site

Total dissolved solids; portion of
effluent which passes through an
approved 0.45 micron pore-sized
filter.

The depth reached by the settling
interface in a fixed time or time
required for settlement of a
suspension to a selected depth.

Lumpy, or in small uneven knolls.

Is a measure of the water conducting
capacity of a porous medium (such as
soil). Specifically, it is the ratio
of flow velocity to the driving force.

Content of deuterium, tritium, and
oxygen-18 in water used to detect
water origins, i.e., effect of
precipitation, groundwater, and
evaporation.

A two-layer hydrous aluminum sili-
cate clay mineral.

Soluble salts and metals removed
by percolating waters.

The "eguivalent energy level" or
average of noise energy received in
several half-hour sampling periods.

An archaeological site which consists
of stone tools and debitage strewn
on the land surface.
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GLOSSARY (Continued)

milliequivalent

montmorillonite

nonfilterable residue

receptor

riparian habitat

riparian zone

(meq) refers to one-thousandth of

an equivalent., Chemical substances
react with each other on the basis

of standard equivalent quantities
rather than on an equal weight basis.
An equivalent quantity of an element

is its gram-atomic weight divided by
its valence (or oxidation number),

As an example, the common table salt.
sodium chloride is made up of an equiv-
alent of sodium {Na} which weighs about
23 grams and an equivalent of chloride
which weighs about 35 grams,

A group of clay minerals with
deficiencies in charge in the
tetrahedral and octahedral positions
balanced by the presence of cations,
mainly calcium and sodium, subject

to ion exchange. They are character-
jzed by swelling in water due to
introduction of inter-layer water.

Total suspended solids; portion of
effluent discharged which is
retained by an approved filter.

Biotic and abiotic samples collected
for assessment of trace element
accumulation.

A wildlife habitat which corresponds
to vegetation associations found
near streams or oxbow remnants of
streams, It is characterized by
black cottonwood, willow, and other
shrubs,

The alluvial floodplain adjacent a
stream and area peripheral to lakes,
ponds, and bogs.
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GLOSSARY (Continued)

saturation percentage

seral

sadic

sodium adsorption ratio

- Is the amount of water required to

saturate the material, expressed as
percentage by weight, and is influ-
enced by particle size (texture),
organic matter content, and chemical
and mineralogical composition.

Values greater than 80 may indicate
high clay content of montmorillonitic
mineralogy, with high quantities of
adsorbed sodium.

An adjective describing a temporary
vegetation association or develop-
ment stage in the sequence of
succession,

Refers to a soil or soil material
that contains excessive amounts of
adsorbed or exchangeable sodium.

(SAR} is an empirical relationship
to express the relative activity

of sodium ions in exchange reactions
with soil which is in equilibrium
with the soil solution. SAR is
calculated by the formula:

SAR = __N_a__..._.

/Ca + Mg
2

Ionic concentrations are expressed

in milliequivalents per litre (meg/1)
of solution. SAR of saturation
extracts is usually highly correlated
with, and approximately equal to,
exchangeable sodium percentage, ESP,
over the range commonly found in

soil materials. Values greater than
about 10 to 15 indicate potential
management problems.
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GLOSSARY (Continued)

specific conductance - A measure of salinity in water
usually expressed in micrommhos/cm.

T.0.C. - Total amount of organic carbon
present in water,
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