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CHAPTER I

INTRODUCT I ON

1. This report deals with a conceptual mine, "Openpit
No 1", situated in Area 1 at the northern end of the Hat Creek
valley. The extraction of the pit is considered in two phases;
down to the 2,400-ft level, called the 600-ft pit and, sub-
sequently, down to the 1,500-ft level, called the 1,500-ft

pit.

TEREMS OF REFERENCE

2. Report No 1 dated November 1975, "Interim Report
on Geological and Geotechnical Exploration at Hat Creek"
(Appendix "A")} included the full terms of reference for the
study but was confined to items 3(a) and 3(b).

3. The main conclusions of Report No 1 were:-

(i) Geological exploration should concentrate on the
northern end of Area 2 to bring it up to the same
level as Area 1. Area 1 looks the most promising
at this stage.

(ii) The depth of geological exploration and geotechnical
investigation should be limited to a tentative pit
depth of 600 ft, with the exception of an occasional
deeper hole to explore major features.

(iii) Geotechnical problems will be severe due to surface
mud flows and the nature of the rocks in the mine,
particularly the mudstones.

(iv) Coal quality data require to be processed in blocks
so as to bhe able to select a mining sequence and
to develop production schedules.

PROGRESS TO DATE

4. A series of meetings took place in Vancouver in
Pecember 1975 and it was decided to continue geological
drilling at the northern end of Area 2 (as recommended in (i)}
above) .

5. This means, of course, that no additional geolegical
information has been received on Area 1 since the preparation
of Repcort No 1. Also, very little additicnal geotechnical
data will be available.

6. Chapter II summarises the geological and geotechnical
position to date but basically it is unchanged since Report
No 1 was prepared.



7. A visit was made with British Columbia Hydro and
Power Authority (BCH) personnel to Centralia Mine, Washington,
USA, to examine pit conditions etec in a geologlcal setting
which has similarities to Hat Creek. The difficulties caused
by the mudstones in the mine and in the washery were very
evident. This mine is now successfully using a bucket wheel
excavator and conveyor system in the superficial deposits,
having failed disastrously in the deeper, harder rocks.

8. The documentary information received since
19th November, 1975 is listed in Appendix "B'".

BASIC DATA

9. Table I lists the basic data used in this Report.
Some ot the data have been provided by Dolmage Campbell and
Associates (DCA) but the remainder is assumed. Quite clearly
these assumptions will need verification as soon as it is
possible to do so.

i |



CHAPTER 171

GEOLOGICAL AND GEOTECHNICAIL ASSESSMENT

INTRODUCTION

1. Since Report No 1 was prepared, the borehole logs
for Area 1 have been re-examined in order to check the inter-
pretative cross—sections of DCA and BCH prior to preparing
additional sections and plans for conceptual-mine—design
purposes. No further drilling information has been available
for this study but the location and inclination of the more
recent boreholes have been checked and, accordingly, some

data have been re-plotted. The latest geophysical inter-
pretations have heen examined but have little relevance to the
current phase of the work.

2. The structural interpretaticn upcon which the present
mine-planning study has been based is shown on Plates 1 to 14

and a legend of the symbols and abbreviations used appears

on Plate 15, These plans and sections are based on topographical
maps compiled to an approximate scale of 1 in to 2,000 £t by
McEllanney Surveying and Engineering Ltd from an aerial survey
dated 13th May, 1975. Additional interpretative data were

also supplied by DCA and BCH.

3. No new information has been forthcoming on the
composition of either copal, overburden or parting materials
in this area, although boreholes in Area 2 may have some
bearing on the geology of the Eouth-eastern side of the mine.
No additional information relating to the groundwater of
Area 1 has been received.

STRUCTURE

Faulting

4. Four main faults traverse the northern section of
Area 1, apparently converging towards the north. Some of
these faults may continue well to the south of Area 1, not-
withstanding a possible element of E-W cross—faulting. The
northern faults from east to west are as fcllows:-

(i) Mag Fault - a normal fault down-throwing to
the east and trending NW-SE

(ii) Fault "H" —~ a normal fault down-throwing to
the west and trending NNW-SSE

(iii) Fault 3" - a normal fault down—throwing to
the east and trending N-S

(iv) Dry Lake Fault - a normal fault down-throwing to
the east and trending NE-SW



Two faults which occur towards the south of Area 1 are:-

{(v) Trig Fault - a normal fault with steep hade
down—throwing to the south-east
and trending NE-3W

(vi} Finney Fault - assumed to be a normal fault,
down~-throwing to the south and
trending ENE-WSW

If the throw directions on the Trig and Mag faults are
correct, there is also the possibility of a further, more
easterly fault down-throwing to the west. However, the plan
and section data on the magnitude and direction of the Mag,
Trig, Finney and Dry Lake faults are uncertain.

3. The effect of the northerly faulting is to form

a graben, or trough, along the valley to which the coal is
confined but within which the Mag fault and "H'" fault produce
an ancillary horst. The major coal-bearing area lies between
the Mag fault and fault "S". Owing to the shortcomings of
the strata correlation there is still no precise information
on the throw of the faults but, using the roof and, in places,
the floor of the thickest coal units as indicators, there
appear to be some marked changes in throw along the faults.

6. The fault positions are shown on the plans of total
overburden isopachs and top of coal contours. At the northern
end of Area 1 these faults converge north of the small cutcrop
areas near Hat Creek, coal-bearing strata being apparently
absent north of this point. To the south of Area 1, the
geology is highly conjectural. The Finney fault has been
assumed to have the attitude shown on Plate 1 {(as in DCA
Report). On this basis, near-surface coal would be absent to
the south. Its position is, however, uncertain as is also the
direction of its displacement. The location of this fault has
a significant effect on the coal reserves and the sconomic pit
limit. Two boreholes south of this fault position show both
thinner and thicker coal units, similar to those occcurring
further north. This could indicate that there is either:-

{i) A reversal in direction of throw along Finney
fault, with a northerly down—-throw in the west
and a southerly down—throw in the east or

(ii) the Finney fault trends parallel to the Dry Lake
fault and lies further south in the SW corner of
Area 1. In this c¢ase, changes in strata orienta-
tion would also be indicated.

7. In view of the absence of sound correlation of the
coal and large gaps in the drilling hereabouts, no assessment
has been made of coal south of the conjectural fault position,
in either the 600-ft or 1,500~-ft pits. Clearly more explora-
tion is required in this area.



Folding
3.

The strata between the faults is inclined almost

everywhere.

(i)

(ii)

(iii)

9.
the above

The structure of the eastern horst is unknown but
current drilling will more closely define the
extent of the coal.

In the scuthern half ¢f the larger fault block

west of the horst (ie between faults "H" and "S'"),
there is a gentle syncline with its axis running
north-south and plunging towards the south. Dips

on the flanks are up to 309, with drill core
evidence showing localised dips in excess of this
value. Some boreholes alsc show marked variations
in strata dip from top to bottom. The coal in

this area exceeds 1,000 ft in thickness and there

is as yvet no clear evidence of fault-induced
thickening by repetition. Whilst some of these dips
may reflect the presence of non-diastrophic structures,
such as slumping and channel formation, the possible
cccurrence of numerous small faults with throws of
less than 5CQ ft cannot be eliminated. In that case,
slices of strata between these faults would be
inclined at a variety of angles. The cause(s) of
dip inflexions in individual borehcles requires
further investigation. The central section of this
area has coal incropping beneath superficial deposits.
To the north-east of this fault block there is some
evidence of down-warping to the west near fault "S".

The western flank of the mine comprises a coal bhed
400 to 500~-ft thick, outcropping to the west and
dipping in an ESE direction at 30 to 45°. This coal
is somewhat thinner and could represent the lowest
gstratigraphic horizon of the main deposit against
which it abuts along fault "S", the upper coals
deteriorating rapidly to the west.

The east-west sections, Plates 5 to 10, illustrate
gtructures, including the disposition of faults and

possible folding within the blocks. Clearly a considerable
area of conjecture is present owing to the large gaps in the
drilling and projections on to section lines. The north-scouth
section similarly shows the interpretation of the overall
strucfture as plunging towards the south with increasing over-
burden cover.

10,

Folding and inclination of strata is indicated on

the plan of top of coal contours. It now seems quite likely
that the cocal in Area 1 is all part of a single sequence of
deposition with a quite continuous lower bed and a thick
central section in the centre of the syncline or basin. Plate 7
shows this quite clearly.



MATERTALS

Overburden

11, This has been conventionally divided into super=-
ficial materials and waste, the consolidated and/or conformable
strata above the coal. The superficial materials are
typically drift deposits, ie glacial moraines and till debris
and alluvium. Much of this material has been subject to peri-
glacial or recent disturbance and large mudslides (see Plate
16) derived from both till and in-situ strata are prominent
along the valley. The eastern side of Hat Creek in Area 1
apparently has fairly thick granular depositsg, glacial outwash
and alluvial gravels. The several types of engineering soils
present in the superficial deposits have not been separately
identified on the sections. In general, the superficial
deposits are thicker on the western and southern flanks of the
coal area than along the central and northern valley. Plans
showing isopachytes of superficial deposits a. i contours of
the base of superficial depositis are given on Plates 11 and

12. No marked channels or significant local thickenings are
present.
12. The Consultants® current observations on the clay-

stones do not differ from those made earlier in the Report
No 1. As can be seen from the plans and section, the
thickness of overlying claystones increases appreciably to
the south. Near the surface, volcanic material has been
found in recent drilling in Area 2 so it is possible that
such materials, whichmay include bentonitic ashes, are
present but undetected in Area 1. The isopachytes of total
overburden are shown on Plate 13 and differ from the
isopachytes of superficials cutside the coal incrop areas,.

Coal
13. No significant correlations have been made other
than between occasional adjacent boreholes. Some of the

partings can be projected locally but undetected structures
or lateral sedimentary variationsmay be present, which may
limit the continuity of these features. No detailed attempt
has been made in the sections or plans to show quality
variations in the coal. However, in general. the quality
{(notably ash content) deteriorates from the bottom upwards,
from north to south and in the upper section of the thicker
coal to both east and west. The coal incrop and outcrop
areas and top of coal contours are shown on Plate 14

GEOTECHNICAL IMPLICATIONS OF
THE GEOLOGY

14, The implications regarding geological structure
and materials remain very much as included in the earlier
report. In summary, these findings were:-

{i) There is a moderate halance between upper and
lower rcoals within a 600-ft pit.



(ii) The thickness of partings and the frequency of
dips in excess of 30% are such that the segrega-
tion of waste during excavation will present
problems.

(iii) A variety of potential failure modes is possible
owing to the apparently low shear strength of some
of the superficial deposits, as well as the clay-
stones and the geometric configurations of structure
and pit slope.

{(iv) Large gaps were present, both within and beyond
the immediate coal areas, which require detailed
prospecting.

{(v) It is not yet possible to fully assess the digga-
bility of overburden nor the hehaviour of the
several rock and soil types regarding site
trafficability.

15, The geological interpretations since the first
report have enabled the potential coal area to be extended.
This in turn has been increased by the area covered by the

15 to 16° slopes (see Chapter III) and it is suggested that

an additional 13,000 ft of drilling should be considered to
explore this extension. Much of this additional drilling
will be of geotechnical concern and related to slope stability,
diggability, etc, although close attention should be given to
a possible extension of the coal area to the south—west

corner of the proposed mine.

16. Much additional drilling will be required, both to
depth within the coal areas and at the perimeter of the mine,
if it is decided to excavate the mine to 1,500-ft depth.

The tens of thousands of feet of drilling required for that
development can of course be undertaken over many years.
duration, assuming it is possible to organise the waste dumps
and lagoons from the 600-ft pit, so that they do not
sterilise this potential extension.

GEOTECHNICAL

17. As a result of geotechnical studies carried out
by Golder Associates Ltd (GA) in 1975, the following con-
clusions were presented in Report No 1:-

(i) There is no strong preference for mining Areas 1
or 2 on the basis of geotechnical considerations.

(ii) The nature of the coal deposit and the surrounding
rock mass, together with anticipated difficulties
in achieving effective drainage, leads to the
recommendation that 23 be regarded as the maximum
cverall slope angle, to be used in preliminary
mine planning and that a minimum of 15° may emerge
from more detailed studies.



(iii) Since it is considered unlikely that economic
recovery of this coal deposit could be achieved
without inducing some slope failures, it is
recommended that the lavout of the pit and access
ramp be designed to accommodate such slides. The
developmennt of both Areas 1 and 2 should also be
considered as a possible means of achieving a
secure supply in the event of the disruption of
production as a result of slope failure in one
pit.

(iv) The presence of significant areas of potential
mudslide material, in both Areas 1 and 2, must be
taken into account in designing the upper slopes
of the pit and also in considering the problems
of waste disposal, site road design and plant
locations.

(v) Because of the unusual severity of the geotechnical
and groundwater problems which are likely to be
encountered in mining the Hat Creek coal deposit,
it is recommended that provision be made for a
detailed study of these problems during the design
stages and for on-going geotechnical work during
the mining operation.

18. It should be emphasised that the geotechnical
problems highlighted above are not an insurmountable barrier
to the effective exploitation of the Hat Creek deposit.
Experience in similarly difficult mining sites has shown

that an early recognition of slope stability problems and

the evolution of a mine design which makes provision for these
problems, can lead to an economically acceptable mining
operation.

19, In view of the fact that a relatively comprehensive
set of conclusions could be drawn on the basis of the geo—
technical studies completed in November 1975, only a very
limited amount of additional work has been carried out since
that time. None of the conclusions presented in Report No 1
has been modified as a result of this work.

20. It should also be emphasised that the geotechnical
investigations must relate closely Lo the findings and on-
going investigations of the mine geology.



CHAPTER TII

MINE PLANNING

GENERAL

1. Valid mine planning clearly depends upon the
validity of the geological and geotechnical data, particularly
as regards the following:-

(i) Structure
(1ii) Quality of the economiec mineral

(iii) Physical and chemical properties of all the
rocks encountered in and arcound the mine

{iv) Groundwater quantities and pressures.
Structure

2, Although considerable information is available
concerning the main structural features of the Area 1 deposit
(see Plates 1 to 14), the stratigraphy of the coal itself is
not yet determined, particularly the position, continuity and
orientation of the intercalated sterile material. The
recommended in—-fill drilling programme should provide infor-
mation on this but in the meantime, the coal can only be
regarded as a mass, utilising DCA's assessment of the inter-
calated waste. The mass of coal and intercalates is referred
to as in—-situ coal, Within it, only some of the main
structural planes of weakness, which have a marked influence
on slope stability, have been located to date. More localised
discontinuities still remain to be determined and their
influence on stability, etc, assessed. This will be a major
feature of the recommended geological and geotechnical
exploration programme.

Coal Quality

3. Coal quality aspects are dealt with in Chapter V.
In brief, some coal—guality data have been obtained under the
DCA programme and an overall average quality calculated. It
now remains to process these data in terms of mining blocks
{see Chapter I, para 3 (iv)). This information is not
available for this study and, in any case, it should properly
form the basis of a much more sophisticated study inveolving
pit optimisation.

Coal Production

4. The power station coal consumption is based on a
calorific value of 6,000 Btu/1lb and ash content of 28% (Ref
DCA's Report, January, 1975)., The in-situ coal is estimated
by DCA to contain 22% waste and they have assumed that all
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this waste can be mined separately in the pit. However, until
more is known about the disposition of the waste in the coal
it is considered necessary to allow for some dilution of the
coal and it has been assumed that only 15% out of the 22%
could be removed, leaving 7% dilution. The moisture content
of the coal is not known accurately but 20% is assumed in

each case (Ref DCA). The rom coal quality would then be
approximately 5,500 Btu/1lb and 32% ash. The possibility of
up-grading the coal by coal preparation is discussed in
Chapter V.

5, In terms of coal production quantities, adjustment
in the tonnages has been made for this reduced quality as
follows: -

Annual Calorific Ash including
Production Yalue Waste
tons Btu/1b %

Power station
fuel 12,000, 000 6, 000 28
Rom coal 13, 100, 000 5, 500 32
In=-situ coal 15,400,000 4,670 39
Physical and Chemical
Properties
6. Apart from the chemical characteristics of the

coal (proximate, ultimate and ash analyses) and a small number
of tests on the rocks overlying the coal (by Klohn Leonoff
Consultants Ltd), very little information is available. The
mechanical properties of all the rocks are clearly needed for
Slope design, diggability, etc. Thesedata will be obtained
during the geotechnical exploration programme which has been
recommended.

Groundwater

7. Little is known about the presence and effect of
groundwater in the valley and a hydrological study has been
recommended {see Report No 1).

TYPE OF MINE

g. At the conceptual stage, it is necessary to consider
all feasible mining methods, both surface and underground.

The Area 1 deposit is an obvious candidate for surface mining
but, owing to the great depth and narrow width of the deposit,
it is conceivable that underground mining might, at some stage,
become more economic. Therefore, a preliminary study has

been made of possible underground mining methods and this is
appended (Appendix "C'"}.

=
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9, It is evident that a very cheap underground mining
system would have to be adopted because of the low value of
the mineral. The cheapest method of mining a massive deposit
is, of course, block caving but sub-level caving seems more
practical. The main drawbacks of underground mining are
clearly as follows:-

(i) possibility of gas emission
(ii) tendency to spontaneocus combusticn
(iii) weak rocks, hence major support problems
(iv) presence of slaking mudstones
(v} unknown effects of groundwater

(vi) dilution by mudstones which could not be
separated during mining

(vii} reduced quality and increased quantity of rom
production due to (vi).

Until these problems are elucidated, underground mining
cannot be accepted as feasible. The configuration of the
deposit and the nature of the coal would also seem to rule
out underground hydraulic mining, insofar as the technology
has been developed to date.

10. The economics of underground mining, irrespective
of method, also appear very unfavourable, both as regards
capital and production costs. It seems unlikely that the
capital cost would be less than $300 million ($20 per annual
ton of capacity) and the production cost less than $10 per
ton. The remainder of this report therefore deals with a
conceptual surface mine.

Factors Controlling the Design
of a Surface Mine

11. Report No 1 discusses the geotechnical factors
which appear to contrcl the design of a surface mine and these
are summarised below:—

(i) Slcope stability problems will be severe -
overall slope angle limited to 25° or less,

(ii) Occasional slides are likely to occur whatever
slope angles are adopted and so the mine must be
designed to accommodate these slides without loss
of production.

(iii) All access ramps must be subjected to stability
investigation.

(iv) Superficial mudslides must be guarded against as
regards the mine itself.
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(v} The waste mudstone and slide material must be
disposed of in safe areas and waste dump stability
must be ensured.

(vi) Provision must be made to deal with groundwater,
particularly as regards its effect on slope
stability.

(vii) A considerable amount of in-pit waste is present
as partings in the coal and around the periphery.

12. Certain conclusions have been drawn from considera-
tion of these control factors., these being as follows:-

{i) The shape of the deposit and the instability of
the waste mudstones preclude back-filling in the
mine whilst mining operations are in progress.

(ii} The shape of the deposit and the inherent instability
of the slopes favour a roughly circular pit with
low slope angles. A concave face is fundamentally
more stable than a straight or convex face. "Noseg"
or buttresses are to be avoided at all costs.

(iii) Rapid advance in depth would increase the number
of benches in coal aund hence improve the instantaneous
stripping ratic, particularly as the upper benches
advance up the hillsides.

{iv) The slaking mudstones in the pit would adversely
affect rubber-tyred vehicles, particularly on
ramps and therefore the use of these has been
confined as far as possible to level haul, whilst
recognising that all haul roads will probably
require surfacing.

(v) Because of the depth of the pit, the large output
and the mudstone problem, conveyors have heen
selected for the main haul out of the pit, both
for coal and ia-pit waste.

{(vi) The main pit access will be a straight incline
aimed more-or-less at the centre of the coal mass
where it will not be endangered by slides.

(vii) Owing to the paucity of geological and geotechnical
information pending the completion of in-fill
drilling and geotechnical investigations, it has
been decided to 1limit the depth of the first mine
to a nominal 600 ft

{viii) Selective mining on the benches will be required
to eliminate as much as possible of the mudstone
partings from the coal.

(ix) Blasting, if required, must be carried cut in such
a way that slopes are not weakened further.
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(x) The probable circular shape of the pit and the
hardness of the coal make bucket-wheel excavator/
conveyor systems unattractive. (It is possible
however, that they could be used on upper benches
in till if boulders and concretions are not present
in significant quantities). Further work on the
superficial deposits will show whether such a system
could be applied.

13. Following these guidelines, a conceptual pit has
been developed and important design features are discussed
below (see Plate 17).

14. As mentioned in para 11 (i), the maximum overall

pit slope angle is limited to 259, although it is recognised
that in places the safe-slope angle will be less than this.
Therefore, for permanent slopes (which would be more carefully
designed than working slopes), eg side slopes at the entrance

to the incline, this angle has been adeopted. However, for
working slopes an angle of 15° 57' has been adopted, recognising
that the final pit slopes could be steepened to whatever angle
is safe for the short period involved, bearing in mind that
stability is time-dependent.

15. This slope is based on the section shown on Plate 18
and incorporates the following features:-

{i) Bench width sufficient to allow 150~-ton trucks to
pass in safety.

(ii) With regard to bench height, geotechnical considera-
tions have indicated a maximum of 50 ft, depending
upon local discontinuities and groundwater conditions.
40 ft has been selected, this height matching the
excavators selected (see Chapter IV).

(iii) Bench slope angle has been selected at 3 in 1 (649),
This needs confirmation as it depends on local
conditions, blasting practice, etc hut it is a
typical value which seems reasconable under the
circumstances.

Main Incline

16, The angle of slope of this incline has been carefully
considered. The advantages of a short, steep incline are,
generally, minimum excavation and minimum coal sterilised under
the lower part of the incline. In this particular case, a
steep angle of 1 in 3% (16°) would be acceptable to belt con-
veyors but then a separate access road would be required for
mobile equipment, maintenance vehicles, etc. The overall
transport distance would, however, not be reduced by a steep
incline because the coal still has tc be transported an average
distance measured from the centre of gravity of the deposit to
the power station (in fact the tramsport distance would be
glightly increased).
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17. The excavation outside the pit required for the
incline has been minimised by locating it in the centre of the
valley and the amount of coal sterilised is reduced because
the footwall dips in the same direction as the incline. By
starting the incline outside the deposit, the amount of coal
underlying it has been further reduced. Actually, even this
ccal would not he permanently sterilised as at the end of the
operation the incline could be cut back and the coal recovered.

18. Since the incline is to be suitable for large trucks
which may have to leave the pit fully loaded on occasions,

the maximum gradient should not exceed 1 in 10. However,
manufacturers recommend 1 in 15 (3P 49') for large trucks and
this is advantageous on a long, low-gear haul. Also, it is
more suitable for walking heavy equipment. 1 in 20 (209 52')
was considered as it would have been required if large, bhucket-
wheel excavators had been selected, which is not, however, the
case. Therefore, 1 in 15 has been adopted. The width of the
incline (200 ft) has been selected to accommodate three conveyors
with an access road on both sides, cable and pipe track, etc
{see Plate 19).

19. The reasons for limiting the depth of the pit to

600 ft were given in Report No 1 but, in fact, the elevation
of the floor of the pit has been selected arbitrarily as
2,400 ft (assuming the average elevation of the surface is
3,000 ft). However, this pit will have a vertical slope
height of 1,150 ft on the socuth-western side. There are very
few pits in this type of strata as deep as this, so formidable
stability problems are anticipated.

20. In Report No 1 it was roughly estimated that the
in-situ coal reserves available would be in excess of 300
million tons - sufficient for about 22 years of power station
operation. More detailed calculations based on the completed
geological interpretation given in this Report have revealed
that about 450 million tons (in-situ) (proved procbable and
possible) will be available at a reasonable stripping ratio in
the 600~ft pit - sufficient for 30 years of power station
operation. It is anticipated that sufficient additional coal
for the full 35 years' life of the project would be available
from the following sources:-

(i) Improved mining technology.

(ii) ILateral extension of the coal deposit - further
drilling in the eastern area has already shown
promising results.

(iii) Extension in depth below 600 ft following detailed
geotechnical investigation.

21. During the course of mining the pit, ample opportunity
will be afforded to observe the behavicur of the slopes, to
back-analyse slope failures and to determine the pattern of
discontinuities, so that a valid basis would be available for
deepening the pit long before any decisicn had to be taken.

The formidable problems of predicting slope hehaviour from
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borehecle data, particularly at great depths, make it impractical
to design a deeper pit at this stage. The 600-ft pit is complex
enough and, indeed, exposures of the various rocks at the earliest
date will be necessary to supplement exploration data collected
from boreholes and surface exposures.

22, However, as requested, a pit has been postulated down
to the 1,500-ft elevation, ie a 1,500~ft pit, which will result
in a maximum vertical height of slope of 2,500 ft. This pit
would contain mineable in-situ coal reserves of some 910 million
tons, ie 91% of the estimated total reserves in the deposit of
some 1,000 million tons. Access to the deeper levels could be
obtained by extending the main incline to about 2,200-ft eleva-
tion, after which either a subsidiary conveyor incline, turned
back in the opposite direction to the main incline, or trucking
ramps would be required. OQther methods of recovery of the deeper
coal could also be considered if conveyors or trucks could not
be used.

Pit_Design
23. As mentioned in Report No 1, this design has been done
manually on a practical basis. It is, of course, normal procedure

nowadays to optimise the design of large openpit mines, eg copper,
with the assistance of a computer. This should be done for Hat
Creek, using suitably modified programs, when the existing data
have been reclassified into mineable blocks. Nevertheless, it is
confidently considered that a satisfactory design has been produced
and that a computer-based, optimised design at this stage would

not be greatly different, particularly as so much essential data
are missing. A computer program which could take into account the
important geotechnical controls would be very complex indeed,

24. The steps taken in establishing the design shown on
Plate 17 are as follows:-

(i) Determine the centre of gravity of the in-situ coal
reserves above the 2,400-ft elevation as this represents
the best ""target area' for the coal-transport system
of a pit to this depth.

(ii} Roughly equalise the waste excavation on the east and
west sides of the pit. This involves moving the target
area somewhat in a north-easterly directiocon, ie away
from the south-west wall. The distance which can be
moved in this direction is limited by the cut-off of
the coal by the eastern boundary fault {(the Mag fault).

(iii) Draw a conical-shaped pit centred on the target area
and bottoming at the 2,400-ft elevation with overall
slopes of 159 57'. These are all working slopes,
except at the peint of entry of the incline.

(iv) Widen out the pit in stages (8) until most of the
coal above 2,400-ft elevation has been included,
ie in a series of frustums. Actually, these
frustums depart from the circular and become elongated
in the scoutherly direction to conform to the shape
of the coal deposit. Flate 17 shows the surface
intercepts of these frustums and also the shape
of the floor of the mine. This floor would, of
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course, be almost entirely coal and, if a wide,
flat floor such as that shown in the Ifinal stage
could be reached, the implication is that the pit
could be deepened further. However, if the slopes
are becoming very unstable, a flat floor of such
width could not, in fact, be created.

(v) Locate the bottom of the incline at the peint of
the cone mentioned in (iii) at the 2,400-ft level.
Locate the top of the incline imn the valley bottom
at 2,750-ft elevation. Hence the incline ascends
3530 ft and its plan length is 5,250 ft. It is
almost in a straight line with the power station
site at the north end of the valley.

{(vi) 1In order to develop the mine to the stage reached
in (iii), determine the minimum coal-face length
which can sustain initial production and be increased
over a Z2-year period to sustain full production,
and incorporate this with the upper part of the
permanent incline (1,000~ft long). At this point
a conveyor and feeder station can be installed.
Actual coal production during this stage has to
be limited because it must be stockpiled and 1
million tons has been selected as the limit. Whilst
the creation of a substantial stockpile in the
pre-production stage is necessary, it is alsoc most
important toc develop the mine so that production
can commence on time and at the desired rate
and continue uninterrupted according to the production
schedule.

(vii} Measure the instantaneous stripping ratic at each
st&ge of development. This is expressed as bank
yd~ of waste/ton of in-situ coal. This ratio
enables the volumes of waste for a given output
of coal to be calculated.

The instantaneous stripping ratio is the ratio of
the volume of waste (yd3) to that of ceoal {in tons)
for one cui off each bench being worked at that

time, ie the last increment in the stage. This
reduces to the ratio of areas on the sloping sides
of the pit. This has been approximated by measuring
the lengths of waste and coal respectively at 100-ft
level intervals and summating. Table II gives these
figures, segregated into each main category of waste
rock, based on both in-situ and rom quality coal.

In the latter case, the same assumptions regarding
segregated waste are made as stated above. The
effect is to increase the waste volumes and decrease
the cocal tonnages, thereby increasing the stripping
ratios. (The in-situ values are reduired for pit
planning and the rom values for economic calculations.)
The cumulative volumes of waste and tonnages of coal,
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and the overall stripping ratios, are also given.
The sum total of all the volumes is, of course,
the total volume of the pit up to the stage in
guestion, that of the coal being the mineable
reserves. Plate 20 shows the cumulative volumes
of waste plotted against the cumulative tonnage
of in-situ ceoal mined out.

(viii) 1In order to obtain schedules of production by
years, Plate 21 has been constructed showing coal
production per year based on three 750-MW generators
and Table III shows the cumulative effect to the
end year. The waste production on a yearly basis
can also be obtained by reading off from Plate 22
against the cumulative coal production (in-situ)
at the year end. All the production schedules
are shown in Table III by years according to the
proposed stages of mine development indicated for
in-situ and rom coal and all types of waste. The
yearly stripping ratio (relative to rom coal) is also
indicated in Table III.

Development Programme

25, Plate 23 shows the construction schedule for the

3 x 750-MW power station and the development schedule for
Openpit No 1 which is required to meet the coal demand of the
power station.

ENVIRONMENTAL ASPECTS

26. Due to the conical shape of the proposed pit and

the low slope angles, waste material cannot be dumped within

the excavation until the mining of No 1 deposit is complete.

This poses considerable problems in terms of availability of
dumping space and land rehabilitation. Should further pits

be developed; however, these could be so planned that the worked-
out No 1 pit is used as a repository for some of the over-

burden and waste removed.
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CHAPTER 1V

MINING QOPERATIONS

INTRODUCTIQON

1. Hat Creek is a massive deposit, shallowly overlain
with superficials and pit waste, and extensive in depth but
limited in area. This is unusual for a coal deposit and is
more usual for a massive metalliferous ore deposit. Because of
the shape of the pit, conventional large-scale equipment for
overburden removal in opencast coal mines, such as draglines or
bucket-wheel excavators, is not recommended. Mobility is an
essential requirement of machines employed in conditions where
the stability of the strata is suspect and the equipment which
has been suggested provides the necessary degree of flexibility
in operation and is readily available.

2. The various operations described below are

based on the production schedules detailed in Table III. The
equipment required each year to achieve the objectives set by the
schedules is shown in Table IV. The equipment has been selected
from practical considerations and has not been optimised.

DEVELOPMENT

3. The quantity of coal exposed at the outcrop will
enable sufficient coal to be mined to permit geotechnical
examination and its physical characteristics to be thoroughly
examined before the full output is required.

4. Initial development in stages 1 and 2 will take the

form of an extending wedge, deepening to form the conveyor incline
(Plate 17). At the beginning of stage 3, a cone will be formed and
extended in depth until, by the beginning of stage 4, the apex

of the cone will reach the 2,400-ft elevation, which is approximately
600 ft below the surface level. Stages 4, 5, 6, 7 and 8 will
extend the base of the cone to form a flat-bottomed frustum at the
600-ft depth. By the completion of stage 8, the majority of coal
to that level will have been removed and future supplies will have
to be taken from the cecal below the 2,400-ft elevation, ie down to
the 1,500-ft elevation if a safe pit can be developed to that depth.
Benches will be 120-ft wide and 40-ft high.

DIVERSION OF HAT CREEK

5. This river would be dammed and the water pumped into

a canal made cutside the final limits of the planned pit. This is
described in more detail elsewhere but the work on the river must
be completed before a pit of any depth exists. Plate 16 shows the
location of those works outside the 600-ft pit surface intercept
{stage 8). The surface intercept of the 1,500~ft pit (stage 9) is
also shown and this includes the diversion dam. Therefore, either
the dam would have to be re-located or an early decision taken to
locate it further upstream.



SUPERFICIALS

6. The vast majority of superficials are at elevations
above the top of the conveyor incline. They consist of glacial
till (sand, gravel, clay and boulders); claystones and some
volcanics which will be removed by scraper coperation without
pre-blasting.

7. Further geoclogical information will enable various
types of superficial materials to be located accurately. When
this has been done, the mining operation must be planned to
ensure that the stable and useful granular materials are
initially delivered to the thermal plant site and used as
£ill. They would also be used to form dams to control the
claystone waste-dump areas in the wegtern valley and, probably,
a permeable base also to promote drainage.

8. Large boulders occurring in the superficials

{(rocks larger than three feet in general dimension would cause
difficulty and delay in the scraper operation) must be moved
aside by bulldozer, to be loaded separately by shovel into
trucks for delivery as foundation and building stone for
retaining walls and stabilisationh purposes.

9. Other superficials will be loaded on to the waste
disposal conveyor via a ground hopper from scrapers.

10. The benches will be extended outwards from the
centre of the pit. The extension will follow detailed phasing
so that the movement outwards is regular and bench formation
ipn accordance with the planned ghape. The full volume of
superficials will be removed over the life of the pit and

the quantities to be removed each year are given in Table III
and illustrated on Plate 21. The volume increases gradually
from 6 million to 18 million bank yd” per vear over the first
30 years of operation and then sharply to 27 million bank yd3
over the next four years, due to the lateral extension of the
pit up the sides of the valley.

PIT WASTE

11. In accordance with the schedule of operations,
gimultaneous removal of superficials and pit waste will be
carried out throughout the life of the pit. The pit waste
material will be delivered to the incline conveyor by 150-
ton trucks loaded by ls-yd3 shovels.

12, The quanitty of pit waste to be rempved each year
(Table III) increases from 3 million bank yd” per year at the
beginning of the operation to 33 million bank yd® per year
after 30 years. It then ingreases sharply over the next four
years to 60 million bank yd- per year.
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COAL AND SEGREGATED WASTE

13. Removal of the coal will be in three phases:-

(i) Initial extraction of a small tonnage for sampling
and testing.

(ii) Extraction of about one million tons of rom coal
for stockpile purposes. This tonnage was selected
because it:-

(a) represents approximately one month's power
station requirement at full output or three months
stock for the first year of operation after
start up,

(b) cannot be increased due to lack of storage
space and until the behaviour of the coal
in the stockpile is known.

(iii) Commencement of deliveries to the thermal power
station over three equal increments spread over
two years as each generator comes on load. TFull
production starting in April 1985 is between 13
and 14 million tons of rom coal per year.

MINIMUM FACE LENGTH

14. In order to maintain the required production, a
minimum length of exposed coal face is required. Calculations
for the Hat Creek deposit show that for the initial sampling
work a length of under 100 ft is adequate. This increases to
200 ft for stockpile production in 1983-84 and to 600 ft for
full production. All planning and scheduling has been based
on these figures, increased by a margin of 50%, ie the minimum
face length required for full production is taken as 900 ft.
At the same time, an adequate area of coal in advance of the
face has to be cleared of superficials and waste and develop~
ment has been scheduled to enable one month's coal production
in advance to be exposed throughout the working of the
deposit.

15. The coal will be loaded into the 150-ton trucks

by l5—yd3 shovels and delivered to the incline conveyor feeder
hoppers. The in—situ coal is said to contain an average of
22% waste material and it is assumed that 15% can bhe removed
by selective loading at the face. Separation will be decided
visually by the machine operators and it is expected that
they will become proficient at selection after about two
months of working in the pit. 100% segregation cannot be
achieved in any case, and a better estimate cannot be made
until more is known about the disposition of these waste
intercalations.
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16. The guantities of coal and segregated waste to be
removed each year (Table III) require careful consideration.
These materials will be sent out of the pit on separate
convevors and directed to stockpile or waste dump.

Potential for Increasing
Mine Qutput

i7. Openpit No 1 is designed for an output of

13,100,000 short tons per annum of rom coal but after the

first few years of operation there would be sufficient face
length to sustain much higher outputs, eg 30,000,000 short tons
per annum or more. Clearly, this rate of output would reduce
the life of the mine. If demand for this quantity of cozal
should develop there are a number of benefits to be derived
from concentrating this output at the one mine rather than
opening a second mine, ie:-

(i) Deferred expenditure in opening a second mine.
{ii) Reduced production cost due to increased volume.

(iii) Earlier availability of the worked-out mine for
back-filling (which may be critical in a valley
where spoil disposal is such a problem).

{iv) The possibility of complete reclamation of
Openpit No 1.

i8. The increased output would involve:-
(i) Increased transport capacity, particularly conveyors.

(ii) More rapid face advance which would reduce time-
dependent slope failure.

{iii) More blasting, probably requiring larger equipment.
{iv) More and/or larger loading eguipment.

16. Near the end of the life, output would, of course,
have to be reduced but there would be ample fime to develop
a second mine to replace the lost production.

BLASTING

19. It has been assumed that all the coal and some

of the pit waste will require blasting but that it will not

be necessary for the superficials. Initially, all drilling will
be by crawler rigs operated by diesel-driven air compressors.

It has been assumed that 4-in diameter holes will be drilled

the full 40-ft bench depth at 10-ft centres. The use of a

small drill is unusual for large deposits but this method has
Leen selected instead of large-hole blasting hecause: -
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(i) the stability of faces will he easier to control

{(ii) overall pit vibration will be reduced by the
smaller gquantities blasted at one time

(iii) separate blasting of coal and segregated waste
is more practicable

(iv}) movement and flexibility of the drills are
improved

(v) fragmentation of the blasted material is more
satisfactory

(vi) delays due to blasting will be minimised.
20. The disadvantages are:-
(i) an increased labour force is required

{ii) the cost is estimated to be 4¢ per ton of rom
coal higher.

21. At a later stage, it may be decided to select
larger drills but, apart from pit stability, this will depend
partly on the guantities of pit waste requiring blasting.

22. For all estimates regarding blasting the powder
factors used are0.4 1b/ton for waste and 0.3 1b/ton for coal,
although it is bhelieved that these factors are on the high
gide.

23. The choice of explosives will depend on the wetness
of the material to be blasted but, on the basis of 70% dry
holes and 30% holes that are too wet to allow ammonium
nitrate explosives to be used, the overall explosives cost
would be 11¢ per yd”, including blasting accessories. When-
ever possible ANFQO blasting agent would be used.

TRANSPORT

24 . Plate 24 shows the mean haulage distance for the
removal of the three types of material over the life of the
project.

25. The superficials will be moved by scraper and
during the first six years of operation would deliver material
directly to:-

(i) the valley area north of the mine, ie the proposed
plant location; 12 million bank yd3 would be required
to £fill this area to an elevation of 2,800 ft.

(ii) the valley area to the west of the propesed plant
areda.
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MUD FLOWS

26, In the final pit area there are two areas of col-
luvial soil, one on the east and one on the west side. These
are either active or inactive mud flows, and are shown on

Plate 16. The east mud flow contains an estimated 29 million
bank yd3 of material, 12 million bank yd3 within the final

pit area. The west mud flow contains an estimated 22 million
bank yd3, 13 million bank yd?® within the final pit area.

A depth of 50 ft is assumed in obtaining these volumes although
this has not been confirmed. The volumes of material within
the final area boundary are included in the production schedule
given in Table III.

27. Inactive mud flows can be excavated in a scheduled
manner with the glacial till, etc. An active mud flow poses
a more difficult, practical problem and the following points
are relevant:-

(i) Drains must be made at the start of the operations
at right-angles to the direction of flow. These
should be at 200-ft intervals. The most important
drain will be that at the highest elevation near
to the Aleece Lake. If these drains are effective,
the rate of movement of the mud flow should be
greatly reduced. Due regard must be had to the
ground water hydrology, as determined in the
geotechnical investigations, and recharge areas.

{(ii) Any area of active mud flow near toc the incline
must be excavated as soon as possible and the dump
contained by the retaining wall mentioned in
para 8. If possible the main slip surface should
not be under cut.

(iii) The mud flow must be excavated so the the angle
of the flow is as low as possible. Without moving
to the top of the mud flow this can be only a
temporary expedient but should ensure that any
rapid movement can be absorbed by the in-situ dump
hase.

(iv) Any active mud flow must be cleared within 100-ft
of a working area. If the rate of movement were
excessive it would be necessary to build a
temporary retaining wall of large rocks and stable
material and then excavate from behind this wall.

DRAINAGE AND PUMPING

28. There are likely to bhe four sources of water in
the working area:-

{i) drainage from the surrounding hills and particularly
from the active mud flow and waste dumps

(ii) seepage through the Hat Creek diversion dam
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(iii) Seepage from the surrounding strata
(iv) natural precipitation-

The effects of (i) can be reduced by strategically-placed
drains leading the water into the diversion reservoir. (ii)
and (iii)} can be reduced but ultimately some of this water
will reach the pit (iv) will affect (i), (ii) and (iii)}

but, having acted as described above to reduce the effect of
any rain that falls in the surrounding area, any water falling
directly over the open pit will require to be pumped.

29. Little meteorclogical information is available for
the area but observations taken at Lehmann Ranch in the Upper
Hat Creek valley give an average precipitation of 11.9 in

per year. Using this figure, the quantity of water to be
dealt with from this source, when the pit is as its maximum
diameter, would be an average of 950 Imperial gallons/minute
over the year, making no allowance for evaporation or seepage.

30. When the pit is down to the 2,400-ft elevation it
may be necessary to pump the water in two lifts.

MOBILE MINING EQUIPMENT

31. Table IV details the mobile mining equipment required
during the first 34 years of the pit operation. The actual
working period for any machine for a year is taken as 5,000
hours. This is calculated on the following basis:-

Total hours x managerial efficiency x operational
efficiency x machine availability

ie 8,400 x 90% x 88% x 75% = 5,000 hours.

32, Plates 25 to 28 inclusive show the hours of work
for each item of equipment and the machinery required over
the first 34 years. The capital and replacement costs for
all this equipment are summarised by stages and years in
Tabhle V. Under the conditions to be expected at Hat Creek,
replacement of the equipment is considered to be necessary
as shown below:-

(i} Every ten years - shovels
pumps
(ii) Every four years = water trucks

diesel trucks
maintenance vehicles
pick-up trucks
explosives trucks

{iii) Every two years - hulldozers
wheeldozers
trucks
graders
compactors
drill and compressors
SCrapers
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33. In general these lives are in line with manufacturers'
recommendations. However, the off-highway trucks are rated

at 10,000 to 20,000 cperating hours. The lower figure has

been adopted because of the poor trafficability expected and

the short haul. If the higher figure does not result inm
excessive maintenance, the cost saving would be about 10¢/ton.
If the lives of the other equipment could similarly be increased
by 50% a further saving of 10¢/ton could be realised.

34. A schedule of typical equipment is shown in Table VI.
{The use of manufacturers' names is for illusiration only and

is not to be regarded as an endorsement of their products)}. The
schedule of eguipment includes allowances for miscellaneous work.
This particularly includes surfacing and repair work on roads on
the benches and incline. Graders and trucks are required for
this and the number of truck hours allowed for miscellaneous
work for each year of stage 1 was approximately 2,000 hours,

for stages 2 and 3, 8,000 hours/yvear and subsequently

10,000 hours/year.

EQUIPMENT COSTS

35. Table V shows the cost of pit eguipment and includes
the initial purchase and replacement prices at 1975 values.
Table VII shows the allocaiion of equipment costs over activity
and tvype of machinery.

COAL REMOVAL

Transport Out of Pit

36. The ultimate pit-bottom elevation will be at 2,400 ft
and the inclined access road will have an overall length of
5,250 ft with a slope of 1 in 15 against the load.

37. The amount of coal to be transported will reach a
maximum of about 40,000 tons/day with peaks on the transport
system of 2,500 tons/hour. To transport this amount of coal
out of the mine ar such a rate will demand a reliable and
economic system, unaffected by climatic condifions and sub-
zero temperatures. Alternative methods of transport which
have been considered are as follows:-

(i)} pneumatic pipeline
(ii} dump truck
{iii) belt conveyor.

Transport by Pneumatic Pipeline

38. When transporting small tonnages over medium and
short distances, the pneumatic method has proved guite
efficient and economical but over the envisaged distances,
lifts and tonnages, the capital and operating costs become
prohibitive. As time progresses and further experience is
gained, undoubtedly the tonnages which can be handled
pneumatically in single systems will increase. At the present
time, however, this method cannot be considered economically
feasible for the Hat Creek project.



39. Over reascnably short haul distances on the level
or gradients in favour of the load, transportation of mineral
by dump truck 1is an acceptable and economic method and most
flexible in operation.

40. However, over long distances, with large tonnage
rates and with gradients against the load, the cost ot
transport per ton of coal rises appreciably. Long low-gear
trucking up inclinesis environmentally unfavourable due to
dust, fumes and noise.

41. Comparing the economics of dump truck against

belt conveyor transport of coal out of the pit, and using
the aforementioned rates of production, haul distances and
gradients against the load as a basis for calculation, the
results were firmly in favour of belt conveyer installations.

42, Resulting from the cost analysis made between the
two systems, the conveyor belt system offered a cost advantage
of 35¢/ton of coal transported. Furthermore the presence of
slaking claystones in the pit will make haul-roads expensive
and difficult to maintain. Therefore dump trucks have not
been considered for the out-of-pit coal transport system.

e e o et T Pl . 3

43. Apart from the economic advantage, a belt conveyor
system is far more suited to long hauls with gradients
againsgt the load, as will be the case at Hat Creek. For
this reason, the whole of the gut-of-pit coal tramsport has
been based on belt conveyors working in conjunction with
in-pit feeder/breaker/conveyor transfer stations (Plate 29).

44 . The ultimate pit will have three of these in-pit
transfer stations and three main incline ceonveyors which,
together, will be used for coal and or waste transport out
of the pit to the main interchange station.

In-Pit Transfer Stations

45, The in~pit transfer station (Plate 29) will
comprise; -

(i) A ground hopper, 20 ft x 20 ft, sited on a
working bench and with a static grizzly haviang
2 £t x 2 £t sguare apertures. The undersize coal
from the grizzly will pass through to a breaker—type
feeder and any oversize will be reduced using a
hydraulic pick-type breaker. Any boulders
encountered will be separated and trucked out of
the pit and used for road building and spoil dump
stabilisation.
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(ii) A breaker-type feeder, 78-in wide, capable of
accepting any material passing from the rear dump
trucks via the grizzly, and then reducing it to
15 in to ©O. The coal will then be fed to a
60-in cross conveyor,

(iii}) A 60-in cross conveyor with a peak capacity of
2,500 tons hour and approximately 300-ft long,
will transport the 15 in to O size coal to one
of the three main incline accelerating conveyors,
via & system of change-over chutes.

(iv) Three accelerating convevors with a capacity of
2,500 tons/hour which will deliver the 15 in to O
size coal on to one of the main incline conveyors.

Main In-Pit Incline Conveyors

46. There will be three main inclihne conveyvors suitable
for the transportation of the rom coal and waste out of the
pit. These will be located on the main incline in the arrange-

ment indicated on Flate 19.

47 . For the ultimate pit, the three conveyors will be
approximately 6,000-ft leong, 60-in wide and each with a
capacity of 2,500 tons /hour.

48, Coal will be collected by one, two or all of these
conveyors from the in-pit breaker /feeder/conveyor transfer
stations and fransporied to the surface interchange station.

49, Three conveyors have been proposed for the project
to allow for one to be out of production for extension,
maintenance, etc, and also io take care of peaks caused by
slides, etc which would necessitate stepped-up, cut-of-pit
transport.

50. The third conveyor has been taken into account in
the cost analysis of trucks v conveyors, ie 1% conveyors have
been allotted to the transpori of cocal,

SPONTANEOUS COMBUSTION AND
FIRE PREVENTION

51. Hat Creek coal has not been exposed to the atmosphere
in significant amcunts and therefore its propensity to
spontaneous combustion both in the mine and in stockpiles

needs to be investigated.

52, In the mine, the behaviour of exposed coal faces

and blasted coal will need to be observed and, if necessary,
fire prevention measures adopted. Blasting should be restricted
to the quantity of coal required for immediate loading. If
heating develops in the s0lid coal it would be dug out or
blanketed with inert material.



- 98 -

53. Stockpiles present the greater fire hazard but well-
recoghised methods are available to mitigate this, ie size
control, compaction, etc. In any event systematic temperature

measurement is recommended so that any heating can be detected
early and dealt with. At all times access must be maintained
around the stockpile.

>4, The actual cost of fire prevention is not substantial;
the watch-words are vigilance and prompt action.
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CHAPTER V

SURFACE PLANT AND COAL PREPARATION

INTRODUCT ION

1. Aspects related to the mine surface plant and coal
handling and preparation are discussed in this chapter.

The uncertain nature of the coal within the deposit and its
probable variation in quality necessitates careful consideration
of coal handling arrangements and preparation.

2. Irrespective of the particular equipment used, it
will be necessary to develop a mine planning and scheduling
system whereby the gquality of the rom product can be controlled
in line with demand or at least forecast. In this respect,
from the mining economics aspect, it is advisable to arrange
the planning so that the removal pattern of coal and waste is
optimised. Policy with regard to coal quality cannot, of
course, be finally decided without serious consideration of

the users’ quality regquirements and the degree and type of
preparation required.

STOCKPILING AND RECOVERY

3. During the initial opening up of the pit, and prior
to the commissioning of the first 750-MW generator in 1982,
a stockpile of coal will need to be established.

4, The amount of coal mined up to the time of start-
up of the first generator unit will be in the region of
700,000 tons. This guantity will be stockpiled and consoli-
dated to prevent spontanecus combustion cccurring within the
piles.

5. The equipment that will be regquired to stockpile

the initial coal production will be part of the final installa-
tion (Plate 30), with an additienal temporary ground hopper,
grizzly and conveyor to feed the secondary crusher. This
temporary ground hopper installation will receive coal from
rear=-dump trucks and transport it to the stockpile via the
static screen, crusher, cross conveyor, stocking conveyor

and boom stacker.

G. To effect consolidation of the stockpile and to
achieve some degree of blending, the sftockpiles will be laid
down in layers and consolidated by a combination of bulldozer
and compactor.

7. This method of stocking will continue until the
commissioconing of the first 730-MW generating unit, at which
time the second stage of the stockpiling equlpment and the
first stage of the coal recovery equipment will be brought
intc operation.
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8. The temporary ground hopper and grizzly installation
will be eliminated and coal will then he transported from the
mine 10 the secondary crushers via the main incline coanveyors
"f'" and "g" (Plate 30). The final stocking and recovery
arrangement will include three cross conveyors from the crusher
station feeding to the three stacking conveyors and boom
stackers, and two recovery conveyors with two bucket-wheel
reclaimers. The recovery conveyors will transport the 1% in

to O ceoal from the stockpile via the bucket-wheel excavators

to the power plant silo-feed convevors.

9. For extreme emergency conditicns, a ground hopper
and conveyor system will be provided fto transport coal from
the stockpile to the silo-feed conveyors. The stockpile-
consolidating hulldozer will be used for meoving ithe ceal
from the pile 1o the ground-hopper grizzly.

10. All of the coal stocking and recovery conveyors
from the interchange station to the silo-feed conveyors will
be 60-in wide and capable of transpeorting a maximum of

2,500 tons/hour each. The secondary crushers will be rated
at 2,000 tons hour and capable of reducing the rom coal from
15 in maximum to 1% in to O.

11. Flate 31 indicates the proposed coal stockpile
and conveyor grid layout for the scheduled 2, 000-MW power
plant .

COAL PREPARATION

12, This important topic is the subject of a separate
study.

COAL QUALITY

13. The existing borehole data provide general informa-
tion against which coal guality can be estimated in a global
sense, ie for the entire deposit as presently delineated.

The drilling of the in-fill boreholes previously recommended,
however, will enable much more reliable estimates of quality
and quantity to be made against which the quality of rom coal
can be controlled in a reascnably consistent way. Some
preliminary considerations are given bhelow.

14. The first requirement is a means of expressing the
gquality parameters in terms of mining blocks. This is to
facilitate detailed mine planning in order to predict output
in terms of coal quality and the types and guantity of waste.
To this end, the whole deposit should be divided into a
three-dimensional matrix, such that each horizontal layer of
blocks corresponds to a mining level in the proposed openpit.
The klock height is then equivalent to the bench height and
the extraction process c¢an be directly related therefore to
the quality of product sent to the blending stoackpile.



15, These requirements lead to the provision of a
spatially indexed "mineral inventory'”. This lists the blocks
together with their coal quality and /or waste content. In

order to assign the relevant values to the blocks, it will be
necessary to align the sampling data from existing and future
boreholes with the proposed mining levels.

Methods of Agsipning Values
to Blocks

16. The means of evaluation that have been considered
include conventional statistical analysis, trend surface and
moving average techniques, "'geostatistical” methods and
simple interpolaticon procedures

17. In the case of statistical analysis, unless at
least one hole passes through each block, all that can be
deduced is an estimate of the mean value for each horizon of
blocks, together with a confidence interval around this
value. It is not possible to give separate estimates for
individual blocks within 2 mining level.

18. For the moving average, trend surface and geo-
statistical techniques to have much practical value, a closer
hole spacing would be necessary than is available or immediately
envisaged for the project.

19. The interpolation methods use relatively simple
means of attributing a weighted value 1o an unknown block
from the known values at neighbouring sample points. The
system usually found most effective in practice uses the
inverse of the sguared distance from these sampling points as
the weighting factor. Although this form of weighting is some-
what arbitrary, studies have shown the technique to be as
efficient as geostatistical procedures in predicting block
values. Bearing this in mind, and considering its relative
simplicity, this last method is recommended for obtaining
initial estimates of block values.

20, In the present case, the sample points are
represented in the horizontal plane by drill holes. Since

the sample values within each hecle are given over length
rather than at points, simple weighted averages over lengths
corresponding to the block height must be obtained. These
averages are then treated as point values in the horizontal
plane through the centre of the bhlocks at that level. Barren
holes near the boundaries of the deposit will also be included
in the scheme.

21. A computational scheme is being considered for the
method. The routine derived from this scheme will be largely
automatic in the sense that the only input required is the
borehole data and the major pit parameters. The block co-
ordinates and weighted values are then obtained by the computer.
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Quality Control Methods

22, The ohject is to provide means of predicting and
monitoring the quality of coal delivered to the power station.
At this stage, it is only possible to use the available data
for broad predictive measures. However, in the immediate
pre-precduction and early production phases, additional sampling
holes and blast-hole sampling can be used to forecast and
control the output processes with greater precision.

23. Assuming that the process ''generating' the sample
values can be demonstrated as being under "statistical control"”,
the relative frequencies of qualify variates in the sampling
distribution can be used as probabilities in predicting output
(from mine and stockpile) in terms of these variates. In
addition, controcl limits can be established to provide warning

if the production/blending system is teanding to go out of control.

A variety of control charts, each with special characteristics,
can be constructed for this purpose.

24 . The usual control chart methods assume that the

form of the sampling distribution, or distributions, is Kknown.
This can be determined from the sampling data by standard
methods. However, even if nothing is known about the form

of the distribution, procedures are available to predict limits
on the variability.

25. With respect to the present data, and those accruing
from the proposed drilling, the above procedures must be
considered as providing somewhat gross measures when applied
to short-term ocutput. On a day-to-day basis, and especially
in the early stages, production for blending will be from
spatially limited areas. The only narrow predictive guide
will be that given by the block values generated using the
inverse-distance-squared method. Therefore, these values must
provide the initial estimates of expected quality of output
for short-term mining sequences, with the statistical measures
giving broad limits for the quality variability. The informa-

tion obtained by these methods will enable a production-scheduling

program/blending-reguirement program balance to be attained.

MINE POWER SUPPLY

26. It is envisaged that the power supply for the mine
will be taken initially from an overhead line following the
route of the Lilloocet - Cache Creek road, at a point near the

junction with the Hat Creek rcad. However, after start-up of
the first power station generator, the supply would be taken
from the power station.

27. A conceptual distribution system is shown on

Plate 32. This basically consists of a duplicate feeder cable
system down the main incline, with bench cables teed off as
required, and a surface substation to supply all surface loads.
Owing to the proximity of the power station, fault capacity
should be carefully considered and reactors may well be necessary
to reduce it to acceptable levels in the openpit. Because of

nnd
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the need to maintain continuous production, the whole system
should bhe engineered to the highest standards. The conveyors
would, of course, be fitted with seguence control and routing
system, the control station being located near the top of the
incline. It should also be fully monitored and protected.
Telephone and radio communications from all parts of the mine
with the contr¢l station would be necessary.

28. Table VIII gives an estimate of the energy consumption
per year, the maximum demand and the cost at 10 mills/kWh. An
overall diversity factor of 0.75 has been applied to the maximum
demand total to obtain the system maximum demand. Table IX is

a summary of the electrical energy costs.

SCHEDULE OF FIXED INSTALLATIONS

29, Table X is the schedule of equipment (fixed installa-
tions) and the capital costs are given by yvears as the installa-
tions develop. Initial spares, provisionally estimated at 10%,
have been included. It has been assumed (pessimistically) that
the equipment would be replaced every 10 years. Depreciation
has also been calculated at 10% of the capital cost.
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CHAPTER VI

WASTE _AND ASH DISPOSAL

MATERTALS AND QUANTITY

1. There are four types of waste to be dumped in areas
near the No 1 deposit. These are:-

(i) Superficials
(1i} Pit waste (claystone)

{iii) Segregated waste separated visually from
the coal (claystone, shales ete)

(iv) Ash from the power station (conditioned to 15%
moisture content).

2. The guantities produced at each stage of the pit
life are shown in Table XI. Specifically 1,267 million yd3
of space are required up to the end of the 600-ft pit and
2,447 million yd3 are needed to the end of the 1,500-ft pit.
These quantities assume swell factors as shown in Table I
which require verification.

DUMPS

3. Examination of the topography of the valley has
shown four main areas suitable for dumps, in addition to the
valley immediately at the head of the conveyor incline.

4, In calculating the space available the following
criteria have been used:-

{i) the surface of the dumps should not be above
4,000~ft elevation

(ii) the maximum slope of the dump face should
not exceed 24°

(iii)  wusing a 25-ft wide bench and a 50-ft face,
the overall slope would be 20Q°

{iv) all dumps would be founded on a layer of
granular material to permit drainage

{v} each face would have a toe drain to lead
water from that section to the main drain

(vi) where the waste materials are of low strength so
that slope failure is a hazard (eg mud-slide
material, weathered claystones) a retaining
dam would be constructed of stable granular
material, boulders,etc. However, considerable
attention must be paid to the detailed location
and design of these massive structures.
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5. In positioning the dumps the following have been
considered: -

{i) the slope angle of the dumps must be safe and
permit restoration easily

(ii) the dumps must be as near to No 1 deposit as
possible

(iii) the dumps must not intrude into possible areas
required for the working of No 1 or No 2 deposits
down to 1,500-ft elevation

{iv) dump heights must be minimised

{(v) dumps placed over streams or main drainage areas
would be designed so that water flow could continue

{vi) if possible, useful superficial material should
be stacked separately.

6. The angle of slopes of all the waste dumps must,

of course, be determined by further geotechnical investigation
of the materials involved and the final shapes suitably
contoured. 1In general, the better material will be used to
confine the poor material. Drainage of water into the dumps
from above and out of the dumps at the toes must be carefully
controlled. Also, due consideraticn will need to be given

to the encouragement of re-vegetation by top-soiling, etc.
Further study in co-operation with the environmental consultant
is in progress and this co-operation should continue through-
out mining operations until the land is restored to the required
standard.

DISPOSAL AREAS

7. In line with these criteria, Table XII shows the
total dumping space available to elevatlons up to 4,000 ft,
Plate 33 shows areas required to dump material from the

600-ft pit and Plate 34 shows those required for material from
the 1,500-ft pit.

600-ft Pit

8. In addition to filling the valley at the top of the
incline, it is planned to dump at the north end of the deposit.
Dump No 1 can be used for superficial material from the east
side of the deposit delivered directly by scrapers. The areas
near the incline can also be designed to provide a stocking
space for about 12 million tons of low-grade coal. The area
north of the incline would hold 1 million tons of rom coal

for the power station.

9. The volumes available, as shown on Plate 33, are:-
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105 ya3
Valley dump (to 2,800-ft elevation) 17
Dump No 1 (to 3,400-ft elevation) 132
Dunp No 2 (to 3,800-ft elevation) 1,156
1,305
{(Volume required 1,267 million yd3)
1,500-f1% Pit
10. To accommodate the extra waste material produced by

mining down to the 1,500-ft elevaticon two more dumping areas
are regquired; these are shown on Plate 34. Using these dumps
two alternative methods of dumping are available:-

(i) To dump material so that all dumps reach the same
elevation at the end of the 1,500-It pit.

In this case the dump volumes are:-

10% yg3
Valley dump (to 2,800-ft elevation) 17
Dump No 1 (to 3,900-ft elevation) 319
Dump No 2 (to 3,900-ft elevation) 1,355
Dump No 3 (to 3,800-ft elevation) 59
Dump No 4 (to 3,900-ft elevation) 773

2,523

(Volume required 2,447 million yd3)

Dump No 3 may not be needed but would be convenient
for direct dumping of superficials from the west
side of the deposit.

(ii) To dump material so that the northern dumps No 1 and
2 are at the maximum assumed elevation of 4,000 ft,
placing the minimum quantities in dumps No 3 and 4.

In this case the dump volumes are;-—

106 yd®
Valley dump (to 2,800-ft elevation) 17
Dump No 1 (to 4,000-ft elevation) 376
Dump No 2 (to 4,000-ft elevation) 1,571
Dump No 3 (to 3,700-ft elevation) 32
Dump No 4 (to 3,800-ft elevation) 529

2,525

{Volume required 2,447 million yds)

Similarly, No 3 dump space may not be required.



11. If the mining of Area 2 is taken into account it
is clear that alternative (1i) leaves the maximum dumping
space close to that deposit

12, During stage 9 for dumping of waste at the south
an additional incline would be needed on the south side of
the pit.

13. Allowance has been made in the costing for machinery
to compact the dumps but no account has been taken of the
reduced volume of dumping space required due to compaction.

It is thought likely that there would be a reduciion in

waste volume of between 10 and 15% on account of mechanised
and self compaction Optimisation of the mining methods

may suggest a dumping pattern which modifies the above but

it is considered that the changes would be minor.

METHODS OF WASTE TRANSPORT

14. The in—=pit waste and segregated waste would be
transported by trucks to the incline conveyor. After the
incline the waste would be distributed to the dumps by
conveyors and waste spreaders.

15. Superficials would be delivered directly to the
dump area or to a ground hopper and from there to the waste
conveyors for distribution to the dumps. Ash would be
delivered to the waste disposal system by conveyvor from the
power station after conditioning with water. The conditioned
ash would be added to one of the waste systems for distri-
bution. As some ash would be needed for road-surfacing
provision would be made for ash to be loaded into trucks
directly from a hopper.

16. On the dumps the waste would be spread by crawler-
mounted boom spreaders which would either place the waste in
front of the conveyor (below its level} or behind the conveyor
(above its level), the height of the dumps being determined

by slope stability considerations and., in the case of the
rear dump, by the maximum dumping height of the machine.
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CHAPTER VII

INFRASTRUCTURE AND CIVIL WORKS

HAT CREEK DIVERSION

Object

L. The object of the diversion is to prevent ingress
of stream flow into the pit where it would cause unacceptable
damage and interference with mining operations. It is
proposed that this work be done in 1977 before any stripping
begings, otherwise temporary diversions will have to be made.

Data

2. Data on stream flow are available from "Historical
Stream Flow Summary - British Columbia' which gives records
over a period of 10 years with a maximum recorded peak flow

of 517 ft3/sec. Monthly precipitaticon data are available over
the past 15 years. No information exists, however, on the
intensity of short-duration rainfall or the fleod peaks
resulting therefrom.

Diversion Alternatives

3. Although the upper limits of the pit have not bheen
clearly determined, it is probable that these will extend

to an elevation of 3,350 f{ on the east side and 3,550 ft

on the west side at pit stage 8. A tunnel diversion has

not bheen considered at this stage due to lack of geological
data. For a surface diversion, the east side of the pit offers
a preferable route due to shorter distance and lower elevation.
A gravity flow diversion of the major part of the flow in

Hat Creek is theoretically possible but would require a diversion
point approximately 3 miles upstream of pit No 1. Because of
the distance involved, the size of channel or conduit required
and the difficulties which would be caused by the steep valley
sides, this alternative has not been considered further at

this time. Diversion further upstream, with flood irrigation
as a potential benefit, may be preferable if economics permit.
The whole subject will be studied further as part of the
Conceptual Design Study of the Proposed Hat Creek Development.

Hydrology

4. Consideration of any form of diversion necessitates
determination of the design flood and the optimisation of
storage capacity versus diversion conduit capacity. The
design flood must be evaluated in relation to the available
hydrological data and to estimated costs of damage resulting
from floods in excess of the design value. In this case, it
is considered that the cost of designing for the probable
maximum flood would not be justified and that a small degree
of risk of overflow into the pit can be accepted, provided
measures are taken to minimise the resulting damage.
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5. A flood-return period cof 50 years has therefore
been adopted and a hypothetical flood hydrograph has been
constructed, based on available data and using hydrograph
procedure and a calculated peak discharge of 1,150 ft3fsec,
A base flow of b0 ft3fsec has heen added to the flood hydro-
graph and mass curves produced in order to assess optimum
storage capacity and pump discharge rates. Prior to deter-
mination oif the final design concept. it is recommended that
further data be collected; including continuocus stream flow
and precipitation measurements.

Diversion Scheme

6. The selected scheme (Plate 16) allows for an earth-
fill dam with a maximum height of 53 ft and a crest elevation
of 3,030 ft, located approximately 800 ft downstream from the
confluence with Medicine Creek. Maximum pond surface elevatian
is 3,025 ft and the southern extremity 2,500 ft from the dam
face. A pumping station with 5,000 installed horsepower would
be located at the dam with twin 30-in diameter steel pipelines,
3,200~ft long, discharging a maximum of 100 ft3/sec at an
elevation of 3,400 ft into a lined, open channel, 11,000-ft
long. The channel would follow the natural contoutrs and
discharge into the small creek which flows from Harry Lake

to Hat Creek. During normal flow conditions, the water

surface in the reservoir would be kept at elevation 2,990 {t
and would provide approximately 850 acre-feet of reserve flood-
storage capacity.

7. The dam would be provided with an emergency spill-
way discharging into the existing channel of Hat Creek. At
the limits of the pit, the flow would enter a culvert and
discharge at the bottom of the pit where it could be dealt
with safely by the pit drainage system.

8. The c¢ost of the diversion scheme and the various
component items is detailed in Table XTII.

SURFACE DRAINAGE

9. A minor diversion of Finney Creek will be necessary
to convey flow into the flood storage reservoir. No other
creeks flow directly into the pit but it will be necessary

to construct drainage ditches around the limits of the pit

in order to divert surface flow to the Hat Creek channel.

The area draining to these ditches is comparatively small,
the costs being shown in Table XIV.

ROAD DIVERSION

10. The existiing road running north-south and parallel
to Hat Creek would be diverted around the eastern perimeter
for a distance of 15,000 ft. The diversion (Plate 16) would
have a width of 30 ft and a limiting gradient of 10%. The
estimated cost is shown in Table XV.
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SURFACE MINE BUILDINGS

11. The surface buildings associated directly with

the mining operation would be typical of most Canadian open-
pit mines. A listing and brief function of each building,
the costs of which are shown in Table XVI, follows:-

(i) Maintenance and Warehouse
Building

This building should accommodate the major workshops
and warehouse for the mine (Plate 36). Space for
repair bays would be adequate for 150-ton, off-
highway trucks and tracked vehicles. Offices for
maintenance staff are included in this building.

{ii) Change House

The change house (Plate 37) is designed to accom-
modate approximately 250 personnel per shift.

This building would also contain offices for shift
bosses and general foremen.

(1iii) Administration Building

Staff personnel, including senior management,
engineering, geology, accounting and general
administration would be located here {(Plate 38).

{iv) Core Sheds

Drilling and sampling of coal will require
approximately one core shed per year. A standard
design as presently used on the site is proposed
(Plate 39).

(v) Powder Magazine

Powder storage and handling facilities are allowed
for by the provision of a magazine.

ROAD CONSTRUCTION AND
ROAD IMPROVEMENT

12, The existing road to the area of Pit No 1 must bhe
improved and bridges or culverts installed where required.
It is proposed that this road be widened and paved, also the
mine buildings area be paved.

13. An allowance of $860,000 is made for widening and
paving approximately 5 miles of road, plus yard area and
installation of miscellaneous culverts.



SERVICES

14 . Services such as power and water supply, sewage
disposal and miscellaneous mobile equipment, are provided
for in Table XVII, Schedule of Egquipment - Infrastructure,
where an allowance of $1,637,000 has been made.

HOUSING

15. The demand for housing will depend on the build-up
of the labour force as shown in Tables XVIII and XIX.

16. Stage 1, 1977 to 1982, will consist primarily of
construction work and pre-production mining of overburden,
for which the maximum personnel is estimated at 126. Stage
2, 1983 to 1984, and stage 3, 19853 to 1987, will build up
to the initial and full production manpower reguirements
and these are estimated at 260 and 628 respectively for

the two stages. As the waste stripping requirements
increase, additional labour is required with an eventual
total labour force of about 1,400 at the completion of
mining to the 2,400-ft elevation.

17, During the pre-production stage, it is assumed

that contractors’ employees will be housed in suitable
trailer camps provided by the contracting companies. Typical
camp layouts are shown on Plates 40 and 41. Once the
production of coal commences, it is naturally assumed that

a more stabilised lahour force will develop. 1In order to
attract and retain the right tvpe of workman, the development
of permanent housing in existing communities will be reguired.
By stage 3, 1885 to 1987, it is expected that trailer
residents will be re-leocated to permanent housing. Typical
housing costs are contained in the schedule given in Table XVI.

SCHEDULE OF INFRASTRUCTURE

18. Table XVII lists the infrastructure requirements
and the capital costs are given by years as the project
develops. Allowances have been made for initial spares and

for depreciation. Employvee housing costs are shown below
the line because, assuming no element of subsidy, this item
would not be chargeable to the mine. Therefore, it is not
included in the production cost of ccal, However, the
housing, both temporary and permanent, has to be financed.
Thereafter, maintenance and capital charges are assumed to
be covered by rent.
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CHAPTER_VILI

ECQNOMICS

The following steps are necessary ito derive the

economic results of mining the cocal at Hat Creek in Openpit
No 1 down to the 2.400-fi elevation:-

(1)

(ii)

(iii)

(iv)

(v)

(vi)

Capital cost estimates - these arise in the
foregoing chapters from the schedules of

equipment for each aspect of the project. Capital
charges are also derived from these figures.

Direct operating cos1 estimates, ie labour,; energy
and materials - these are derived from the produc-
tion schedules of ¢oal and waste and the schedules
of equipment.

Cumulative capital expenditure and interest
during construction.

Production cost in each year — capital charges and
direct operating ¢ost.

Cash flow and discounted cash flow — these
calculations enable one uniform selling price to
be calculated (at constant prices) to give a
specified DCF rate of return.

The calculations are repeated for inflated
prices.

Basic Financial Data

2.

Appendix D" reproduces the basic financial

data provided by BCH (letter dated 29th October, 1975). All
costs have been expressed in 1975 Canadian dollars bhut
inflated costs are also given. As regards the rate of

inflation,

it has been assumed that capital goods and

electrical energy will have similar inflation rates to
labour and materials,

3.
made:—
(1)
(i1)
(1ii)

The following additional assumptions have been

Import duty for mining equipment, 15%.
Local and municipal taxes not included.

Cost of land. wayleaves, compensation, etc not
included.
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(iv) Legal costs not included.

{(v}) Intlated costs have been calculated on a
“revaluation of assetrs” basis rather than a
"historic cost" basis so that depreciation and
interest can be directly inflated.

Explanation of Tables

Capital Costs

4. Table V, Schedule of Mobile Mining Equipment. gives
the numbers and cost of each item of equipment, scheduled
according to the preoduction requirements givem in Table I1II.
Replacements have been included when the item reaches the end
of its normal life. Different stages in the development and
operation of Openpit No 1 are indicated. Initial spares

have been included as these are capital items, as distinct
from subsequent consumable spares. The depreciation of
mobile mining equipment, calculated on an average basis
weighted approximately according to the life of each item of
equipment,; is inc¢luded in Table XXIT.

5. Tables X and XVII deal with fixed installations and
infrastructure in the same way. It should be noted that

many of the fixed installations,., eg coal stockpiling and
reclaiming and also ash handling. are stricily not part of the
mine but could be considered to be part of the power plant.
The capital cost of this equipment is about $34 million.

o vy e P

6. Table VIIiI, Elecrric Power -~ Consumption and Costs,
and Table IX, Summary of Electrical Energy Costs., provide

the basis on which the cost of electrical energy consumption

of the whole project is derived. based on a rate of 10 mill/kWh.

7. Table XVIII, Labour Schedule and Payroll Costs. and
Takle XIX. Managerial, Technical and Administrative Staff
Costs, develop the number of labour and staff and the vearly
costs. Fringe benefits have been included at 21% in Table
XVIII and at 25% in Table XIX. An allowance of 5% has been
added to the labour payroll costs to cover overiime. Further
comments on labour aspects are given i1n Appendix “E'.

B. Tahle XX Materials and Fuel Cost Summary, estimates
the costs of consumable stores and spare parts, diesel oil,
gasolene, lubricants, etc.

9. Table XXI, Direct Operating Cost Summary, assembles
together labour, materials and energy costs and, in addition,
an allowance is made for Consuliants®™ fees in view of the
serious unresolved problems which will still require solution
as the pit develops.
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10. In all these tables the cost per short ton of rom
coal and per million Btu is shown for information.

——— e —— T — o P I S —

——

11. Table XXII, Depreciation Summary, assembles the
depreciation estimates derived in Tables V, X and XVII, ie
for mobile mining equipment, fixed installations and
infrastructure. In addition, other capitalised costs have
been depreciated over the life of the 2,400-ft pit.

12, Table XXIII, Capital Investment, Interest during
Construction, Interest and Insurance, takes the yearly
capital costs from Tables V, X and XVII and adds other cash
items which have to be capitalised prior to start-up. It is
tentatively assumed that, after start-up, the cash flow will
be positive. These items include direct operating costs
(from Table XXI), insurance and working capital. The latter
is estimated in total at 3 months direct-operating costs at
the full production stage.

13. The BCH corporate overhead is then added to the
resulting capital cost and the figures obtained are
accumulated in order to calculate interest during construction
(IDC) according to Appendix "D, Plate 42. (Clearly this
applies only up to date of start-up). The grand total,
including IDC, is referred to as "total investment'. This is
estimated at about $134 million to start-up, of which $34
million, 1le 25%, could be chargeable to the power plant (see
para 5 above).

14. In order to calculate the yearly interest, the
average investment outstanding in each year has first to be
calculated This is the difference between the cumulative
total investment and the cumulative depreciation, the average
being the mean of the amounts at the beginning and the end

of each vyear.

15, Insurance is assumed to be 2% of the average invest-—
ment outstanding in each vear.

16, Table XXIV shows the development of the production
cost as it would be calculated in normal accounts, ie direct-
operating costs, depreciation, interest, insurance and
royalty. (Although the production cost is expressed in terms
of run-of-mine coal, it is not the mine-mouth cost but the
delivered cost into the power plant bunkers, allowing also

for ash disposal - see para 5 and 13 above. Coal handling

and ash disposal costs are about 80¢/ton rom.) Since interest
at 10% on outstanding capital is included and all capital is



regarded as leoan capital, the production cost is equal to the
price at which the coal could be sold on a break—even basis.
This figure is different in each year because the pit is not

a static entity - the production of waste must vary year by
year and the shape of the pit changes gradually, although

coal production remains constant after the build-up stage

until the run-down stage. It will be noted that the production
cost during stage 8 at $9.68/ton rom is not substantially
greater than that at the beginning of stage 2, ie $8.74/ton rom.
However, the cost at stage 8 is considerably higher than the
cost at the intervening stages. This reflects the expensive
extension of the pit laterally, although it could be extended
in depth at the same time with additional coal production (and
reduced costs) if the stability of the pit could be assured.

17. As mentioned in Chapter III, para 22, a pit down

to the 1,300-ft elevation (1,500-ft pit) has been postulated.
The instantaneous stripping ratio at the probable 1limit of
that pit is 13.7 bank ydsfshort ton rom. Since pProduction
cost is, broadly—-speaking, in linear relationship with strip-
ping ratio (assuming no changes in the mining system), the
approximate production cost at the probable limit of the
1,500-ft pit can be obtained by extrapolation. Plate 43 is

& plot of the production cost for each stage against the
instantaneous stripping ratio at the end of the stage and the
linear relationships can be seen. Extrapolation after stage
8, the probable limit of the 600-ft pit, to a ratio of 13.7,
the probable limit of the 1,500~-ft pit, results in a production
cost of about $14 per ton, so that the additional coal between
the 600-ft pit and the 1,500-ft pit could be mined at a pro-
duction cost of between $10 and $14 per ton.

18. Table XXV shows the cash flow of the expenses and

the calculation of a constant uniform selling price which
would yield an internal rate of return of 15%. {(This discount
rate was specified by BC Hydro - see Appendix "D"). The

cash flow includes all capital and direct-operating-cost
elements and such cash expenses as insurance and royalty. The
total cash flow is then discounted at 15% to obtain the present
value of the expenses. By equating these to the present value
of the revenue at a uniform coal price, that uniform price

can be calculated, the formula being as follows:--

Uniform _ PV of expenses ($) $/ton
Selling price = PV of coal production (tons)
1%. In other words, if all the coal were sold at the

uniform selling price throughout the life of the project,

the internal rate of return on all the investments would be
15%. Plate 44 shows this uniform selling price compared with
the production cost. It will be noted that the uniform selling
price calculated on this basis is $6.35/ton rom (58¢/106 Btu).
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20. As requested, the calculation has been repeated at
a discount rate of 10% and the uniform selling price re-
calculated (see Table XXV). This results in a price of

$5.63/ton rom (51;&/106 Btu). This result is also shown on
Plate 44. It is directly comparable with the stream of
production costs calculated in Table XXIV as in this case
the discount rate (internzl rate of return) can be equated
to the interest rate because it has been assumed that all
the capital is borrowed.

Confidence Limits of Estimated
Selling Price

21, A pessimistic view has been taken in all areas of
uncertainty in this conceptual mine design and in the economic
calculations, ie the estimated production costs and selling
prices can reasonably be regarded as a "maximum'. It is
expected that the uncertainty would be about % 10% about the
mean and therefore the "mean" and "minimum' figures can be
calculated. Also, in order to effect true energy cost com—
parison, it is necessary to deduct coal handling and ash
disposal costs estimated at 80¢/ton (see para 16) to arrive
at the coal mine-mouth price. The resulting uniform selling
prices and ranges for 10% and 15% discount rates are given
below.

Coal Prices, $/ton

Discount rate 10% 15%
Uniform selling price including

ccal handling and ash disposal 5.63 6.35
Coal handling and ash disposal

costs 0.80 0.80
"Maximum'" mine-mouth selling

price 4.83 5.55
"Mean" 4.35 5.00
"Minimum" 3.90 4.50

Probable areas of cost savings include steeper slopes, less
blasting and earlier economic cut-off {(depending on
availability of reserves).

22, As mentioned in Chapter III, para 20, the reserves
cf coal available from the 600-ft pit are sufficient for

30 years of power station operation. For 335 years an
additional 100 million tons would be required. If stability
can be proved then a few deeper benches would easily yield
this extra coal at reasonable ecohomiec cost. The effect

on the uniform selling price as calculated above would be

negligible because the last 5 years would be heavily discounted.
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23. Table XXVI is a repetition of Table XXIV except
that the various cost elements have been inflated according
to the rules given in Appendix "D" and the additional
assumptions which have been made (see para 3). The effect of
the "revaluation of assets” basis is that the "real'" value of
the capital investment would be recovered rather than the
"historic" value. This method clearly gives higher values
than the "historic'" cost basis. Royalty has not been inflated
but it would very likely be adjusted from time to time by
political decision. According to this calculation the
production cost increases from $15.04 per short ton rom in
stage 2 to $65.26 in stage 8 (years 2011 to 2013).

24. Table XXVI1 is a repetition of Table XXV, inflated
in the same way as Table XXVI. In this case, depreciation
and interest do not appear so that the distinction between
"historic" value and "real" value is irrelevant. It gives

a "true" figure for 15% internal rate of return (discount
rate). Another method commonly used is to inflate the
discount rate, eg for a 5% per annum inflation rate the
discount rate would be 20%. This is more difficult to apply
when the rate of inflation is not constant.

25. It will be noted that on this basis the uniform
selling price over the life of the mine becomes $13.52
@23¢/10" Btu) or just over twice the uninflated figure of
$6.35 (58¢4/10% Btu).

Qpportunity Value of
Hat Creek Coal

26. The economics of any mining operation depend on

the market value of the product. This concept of market
value has little meaning for a captive mine supplying a power
plant and the criterion then becomes that the mine product
must not be more costly than any alternative fuel for an
equivalent energy content. (This simple concept ignores
political factors such as the use of indigenous resources,
employment, trade balance, forward and backward linkages,
gtc).

27, Since the mid-fifties; o0il has been the most
important internaticnal fossil fuel and has acted as the price
leader against which others have been judged. Coal is not as
convenient a fuel as o0il or natural gas. It is dirty, more
difficult to handle, requires expensive storage arrangements
and needs special equipment to minimise atmospheric pollution.
To allow for this, an arbitrary deduction of 20% compared with
the value on a siraight head-constant basis has been made.
Thus, to be competitive with oil, the delivered cost of coal
should not exceed 80% of the cost of an equivalent amount of
oil.
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28. The current international price of crude o0il is
about $11-bbl. Heavy bunker oil, as burnt in power stations,
can at times be marginally cheaper but this price relationship
is 1likely to remain stable as most oil-fired stations can

burn either crude or bunker oil.

29, This price of $11,bbl is approximately equivalent
to $2/106 Btu. Thus, the maximum delivered price for coal
will be equivalent to $1.6/108 Btu, 1e $40/ton for standard
bitumincus coal or $19/ton for 6,000 Btu/lb coal.

30. This picture is true internationally. There are,
however, some modifications to this position in Canada.
Firstly, the current domestic o0il price is only $8/bbl which
will depress the other prices pro-rata, though it may be
only a matter of time bgfore prices rise to the international
level. Secondly, $2/10° Btu is well above the current
Western Canadian price for natural gas, and natural gas is
an even more convenient boiler fuel than oil. However, this
price has recently increased and will increase further, and
as supplies decrease there are likely to be restrictions
imposed on its use for power generation.

a1. Because of these uncertainties, opportunity values
of coal and lignite have been calculated for a range of oil
prices and these are shown graphically on Plate 45.

32, It must be emphasised that these are prices "as
delivered" to the customer. In a country the size of

Canada, coal transportation costs from mine to customer

can exceed the mining costs. This is not a problem at Hat
Creek where the power station will be adjacent to the mine.

A price of $6.353/ton will, therefore, be almost half the
opportunity cost of coal, based on $8/bbl of o0il. This coal
price is equivalent to 58¢/10% Btu (including about 7¢/108 Btu
for coal and ash handling). Whilst sub-bituminous coals can
be produced on the plains in Alberta at prices substantially
lower than this (because of lower stripping ratios and easier
mining conditions), delivery cif into the Vancouver area
would increase the price to about 60¢/10% Btu. Typical cif
prices in the Western US are over 70€,/10° Btu. Therefore, Hat
Creek coal is competitive with other coals and cil.

Break—-Even Stripping Ratio

33. The break-even stripping ratio (waste to coal) is
that value of the stripping ratio at which the costs of
stripping waste and loading coal exactly equal the value of
the coal., the latter being either the opportunity value in
comparison with alternative fuels or the total cost of
production by alternative methods of mining. It is expressed
by the following formula:-

Break—-even _ value of coal/ton - coal preoduciion cost/ton

stripping ratio stripping costs/yd®
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Plate 46 shows the break-even stripping ratios for wvarious
coal values against coal production cost. It will be seen
that at a production cost of $6.35/ton and a coal value of
$8/ton, the break-even stripping ratio is approximately

4.2 to 1. For the final cut-off ratic marginal costs should
be used not total costs.
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CHAPTER IX

SUMMARY AND RECOMMENDATIONS

GENERAL

1. The general geology has been determined bui detalls
are lacking at this stage and the borehole results are capable
of different interpretations. This report adopts one inter-—
pretation for conceptual purposes and it is pointless at this
stage to indulge in further speculation.

2. Specific geotechnical data are almost wholly absent
but it can be said with confidence that slope stability will
he a major problem. The working slope angle adopted may be
considered over-pessimistic but, again, it is pointless to
speculate. It may well be possible to adopt steeper slope
angles at many locations if required hut there will

certainly be places where even the low angle adopted may prove
too steep. The main pit access incline has been located in
such a way that it should not be vulnerable to slides once the
pit has opened out. However, very careful attention must be
given to the design of this incline to guarantee, as far as
humanly possible, its stability.

3. With regard to the selection of the mining method
and equipment, a practical scheme has been adopted without,
however, attempting detailed optimisation exercises which,
again, would be pointless until more information is available
oh the characteristics of the rocks to be mined. Unless the
physical environment proves to be even worse than anticipated,
it could be expected that somewhat more economic combinations
of equipment could be adopted. Therefore, the economic
estimates can be regarded as being near the upper bound of the
uncertainty hand (see Chapter VIIX, para 21).

DATA COLLECTION

4, It is recommended, therefore, that efforts be
directed at this juncture to obtaining the necessary data
rather than trying to develop further, more refined, conceptual
mine designs. It is a matter of mining engineering judgement
when the amount of additional data is sufficient to validate
the design within acceptable technical and economic limits.

It is, therefore, important that the collection of this data
should be under the general control of the mining engineer
(subject to specialist advice), so that efforts are directed
towards the most important uncertainties and areas of interest.
If this is not done, a very expensive and time-consuming
exercise could develop. Although this would undoubtedly
elucidate the complex geological and geotechnical setting in
the Hat Creek valley, it would be of limited practical use

to the mining engineer charged with the responsibility of
designing and developing the mine.
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Geoclogical and Geotechnical
Programmes

S, It is for the reason given above that Report No 1
recommended a two-year geclogical and geotechnical test
programme. There is no reason arising from this study to
alter that view, unless it is a question of the timing of the
project as a whole. 1In this case, a substantial increase in
the annual amount of drilling envisaged would become necessary,

6. The recommendation to limit exploration to the
600-ft pit, ie to an elevation of 2,400 ft, still stands and
it is not considered feasible to design a deeper pit until
substantial mining experience has been gained. Incidentally,
this applies equally to the hypothetical underground mine as
to an openpit.

Coal Quality

V. Report No 1 recommended that the coal guality data
be processed in blocks. An outline of how this should be
done is contained in Chapter V.

Pit Optimisation

8. It is recommended that a suite of computer programs
be developed, based on block values of the whole range of
data, starting with coal guality data and adding further

data such as mechanical properties, waste rock identification,
etec.

Coal Testing

9. The recommended coal testing programme would
comprise: -

(i) preparation process testing
(ii) mechanical properties
(iii) crushing and grinding
(iv) weathering, degradation
(v) oxidation, spontaheous combustion
(vi} combustion characteristics
{vii) properties and behaviour of the ash

(viii) properties and behaviour of the plant waste
products.

This programme would involve the procurement of bulk samples,
shipment to test laboratories, test specification, control
and reporting and, finally, the appraisal of the results.
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Until this is done it is not possible to come to a definitive
conclusion, although it must be said, prima facie, that coal
preparation is an unattractive proposition.

LABOUR

10. Further investigation is required to ascertain the
extent to which labour availability and salary rates for a
mine in the Hat Creek area are likely to be affected by other
developments in the ceoal industry in Western Canada.

BUDGETS

11. The budget estimates given in Report No 1,

Appendix '"C'" have been revised in the light of the economic
results derived in the course of this study and the revised
budget is given in Table XXVIII. All costs are at 1975 prices
and the former estimates are shown in brackets for comparison.
It can be seen that the inclusion of fixed installations
indicates an apparent increase in the mining equipment and
services charge of some $34 million., Furthermore, the expen-—
ditures are incurred a year earlier. This is also the case
for the Creek diversion and box-cut and pre-production over-
burden removal items. This last item is increased by some

$5 million. The advancement of this capital expenditure
pre-supposes that an early decision on the sequence of mining
the alternative deposits in the valley can be made.

ENVIRONMENTAL CONSIDERATIONS

12, The configuration of the deposit necessitates an
openpit type mine rather than a strip-mine, area mine or
hilltop mine as are usually the case with surface coal
mines, The high coal output required and the large volumes
of waste material necessarily having to be removed will
leave a large hole and result in large waste dumps. Back-
filling of the hole by waste will not be possible until the
Area 1 deposit is worked out or abandoned as far as surface
mining is concerned. Naturally these major features will
have substantial environmental impact but sympathetic
consideration and tuworough advance planning can mitigate these
effects.

.
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I INTRODUCTION

TERMS OF REFERENCE

1. We submitted proposals for the Hat Creek Mining Study
on 16th September, 1975 and these were accepted by BCH letter
dated 16th September. Work commenced immediately in accordance
with the terms of reference which are reproduced for convenience
in Appendix A. This interim report covers only items 3(a) and
3(b).

AFFILIATES

2. As described in the proposals, we are associated with
locally-based affiligtes and the allocation of responsibilities

is as follows:-

Wright Engineers Ltd (WE) - Local mining data, mine services,
detailed design (later stage)

Golder Associates (GA) — Geotechnical Investigations.

Mr. G, Walton, our geological and geotechnical Associate Consultant,
is responsible for geological interpretation and liaison with

both GA and your geological consultants, Dolmage Campbell and
Associates Ltd (DCA).

PROGRESS TO DATE

3. Dr. M.J. Barber, Managing Director, was present in
Vancouver for the discussions in connection with the assignment
and was ahle to make an immediate start obtaining data from DCA
and holding preliminary meetings with them and with WE and GA.
Shortly afterwards Mr. S.C. Brealey, Director in charge, and
Mr. G. Walton arrived and a visit of all parties to the site
accompanied by Dr. P.T. McCullough, BCH geologist, took place
on 6th and 7th October. Subsequent visits have been made by GA

persconnel to complete the preliminary geotechnical field work.
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4. The documentary information collected to date is listed
in Appendix B. The assimilation, interpretation and utilisation

of this large volume of dala 18 now 14 Progress.,

5. The first reguirement is of course the assessment of

the geological and geotechnical situation, ie the subject of

this report. This is because the further work which is known

to he required is time-consuming and should therefore be started
as soon as possible and alsc because this information is urgently
required even for preliminary mine design upon which more accurate
budgets can be based. Work is proceeding on the preparation of

basic maps and sections for mine design purposes and is well-

advanced for Area 1.

PROGRESS REPORTS

G. Monthly Progress Reports No 1 and 2 have been submitted
on 21st October and 20th November respectively. A4lso preliminary
budget estimates were given by telex on 20th October (see
Appendix C). These budgets were, of course, very preliminary

and adjiusted figures are shown in the light of this present report.

CONCLUSIONS
7. The main conclusions reached to date are discussed
below: -

(i) Geological exploration should concentrate on the
northern end of Area 2 to bring it up to the same
level as Area 1. Area 1 looks the most promising

at this stage.

{ii} The depth of geological exploration and geotechnical
investigation should be limited to a tentative pit
depth of 600 ft with the exception of an occasional

deeper hole to explore major features,

(iii) Geotechnical problems will be severe due to surface
mud flows and the nature of the rocks in the mine,

particularly the mudstones.
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(iv) Coal quality data requires to be processed in blocks
so as to be able to select a mining sequence and to

develop production schedules.

GEOLOGICAL EXPLORATION

5. The southern end of Area 2 looks the least promising
from a mining point of view,despite the great thickness of coal
there, because the deposit 1s very narrow and the cover 1is great
due to the fact that it is not under the valley bottom but under
the steep hillside. We have therefore recommended concentrating
drilling on the northern end of Area 2 so as to bring it up to

the same level of exploration as Area 1., This will enable a
reliable comparison to be made. However, preliminary feeling

is that Area 1 will prove to be the most favourable mainly because
of the thinner cover and wider deposit, and therefore an in-fill

drilling programme for that area is recommended.

LIMITATION IN DEPTH TO 600 FT

9. The reasoning behind fthe recommendation to limit the

pit depth to 600 ft maximum is as follows:-

(i) Geotechnical problems increase non-linearly with
depth and it may not be feasible to go deeper within
the constraints of guaranteed production, safety and

economics.

(ii) In Area 1 reserves to 600 ft depth are estimated to
be more than 300 million tons of in situ coal - suf-
ficient for about 22 years of power station operation,
Total in situ reserves are estimated to be around
500 million tons but to mine this additional tonnage

would involve: -

(a)} Increased depth - 1,200 to 1,500 ft (beyond

current world experience in weak rock).

(b} Increased width - proportional to depth 1f overall

slope angles can be maintainad, This will in turn
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result in the sides of the pit climbing further
up the sides of the valley, thereby increasing
waste excavation and where mud flows are present

probably requiring extensive stabllisation works,

{¢) Increased volume - proportional to (depth}3 if

overall slope angles can bhe maintained, eg

Depth Yolume
{ft) (106 f£t3)
800 1,600

1,500 24,600

{assuming inverted cone)

(iii) There are possibilities other than extending the pit
in depth, eg underground mining, opening another pit,
in situ gasification etc. One of these may prove to
be safer and more economic by the time extension is

needed.

(iv) Concentrating exploration and test work at levels above
600 ft depth will be considerably guicker and cheaper
in achieving the same level of confidence as for a
deeper pit. Alternatively, a higher degree of con-
fidence can be reached with the same expenditure of
time and money. Much of this information will, of course,
be amenable to extrapolation in depth anyway. Further-
more, actual observation of slope behaviour during mining
operations will be possibie and this will considerably
improve the level of confidence in designing a deeper

pit.

QUALITY OF COAL

10. Coal quality data are still coming in and will continue
to do so whilst drilling continues, DCA have processed these data

on a borehole hasis, by boreholse groups and by the whole deposit.
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However, in order to predict rom guality and selective mining
possibilities and to develop production schedules it will be
necessary to re-process these data by mining blocks. For example,
if a 40 ft bench height is selected the deposit would be divided
into horizontal slices 40 ft thick and each slice into blocks.

Then, for any mining sequence, it will be possible to predict:-

(i) Mean and range for each guality parameter of rom coal

production,

{ii) Amount of intercalated waste which can be removed

selectively.

This would be done year by vear. Overburden stripping schedules
would then be developed to enable this coal to be won. Then it
will be possible to predict accurately overall mining costs on
an annual basis. In the meantime approximate methods will have
to be used.
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ITI GEOLOGICAL ASSESSMENT

1, This assessment has been carried out by Mr., G. Walton
who has alsoc commented in Section III on the geotechnical assessment.
Attention is concentrated on the structure and rock types in the

potential mining areas.

2. The bulk of the drilling which has been done to date
ig 5till in the north of the valley (Area 1) hence observations
on the gquality of drilling as well as geoctechnics deal mainly
with that ares.

3. The syndﬁsis of the regional geological setting as

set out in DCA reports is agreed in general, The more detailed
reports by DCA and BCH show certain differences of interpretation
resulting from limited drill data. In drawing up outline plans
at Enfield, the BCH structural interpretation has been favoured
as it appears to give a better fit for dips and partings in

boreholes. Even so, the current plans are still mostly conjectural,

STRUCTURE

Faulting

4. This is by no means fully located at all points and

'in some cases faults shown on sections do not agree with data

from fully cored boreholes. The strata correlation is at best
crude; since the base of coal is not fully ascertained, the faults
can only be related to the somewhat transitional top surface of
coal and known positions in cores. At this stage, therefore,

major fault positions could vary by several hundred feet: similarly
there appears to be little chance of ascertaining faults of small

throw, say less than 50 ft.

5. The major fault trend appears to be sub-parallel with
Hat Creek and to result in the basic geometry of the deposit,
namely a long narrow trough. However, it is likely that the
major controlling faults to the east and west down-throw the
coals on either flank, ie the coal structure is a horst rather
than a trough (although the structure of the valley as a whole
is a graben). It is probable that deep coal, in excess of
1,500 ft,is present on either side of the main deposits. Othe?

.
7

-~ 6 -
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faults are parallel to this main north-scouth trend, both within

and probably outside principal coal areas.

G. Other significant fault trends run ENE to NE and pro-
duce changes in the elevation of the coal along the horst, with-

out greatly displacing the deposit across the valley.

7. The low angle fault referred to by DCA in Area 1 may

well be a slip plane related to surface instability.
8. The operational significance of these faults is:-

{i) Change in diggability at the same bench level, eg

coal into claystone.

{ii) The stability of slopes may vary markedly across
faults, eg on the west side of Area 1, strata dipping
towards the proposed excavation will be encountered
on crossing the fault. Also related changes in
permeability and groundwater levels on different sides

of faulis may be expected.

(iii) Materials in fault zones may be several 10's of feet
thick and being in a disturbed condition may themselves

he unstable.

Folding

9. This is based on upper coal surface contouring allied

to observed dips in cores and their use in sections. Again, in

the absence of reliable marker horizons for correlation, the dips
of coal and overburden materials are only approximate in the north
(Area 1) and open to considerable differences of interpretation

in the south (Area 2).

16. In Area 1 it is probable that the axis of folding is
sub~-parallel to the main faulting (and Hat Creek), with a plunge

of the fold axes to the south over much of the deposit. It is
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not clear to what extent the dip of strata is altered near to

- the main faults, but a western syncline and an eastern anticlinal
horst appear as elements in the main coal area. Whilst the strata
eaxt of the main eastern north-south fault (Mag Fault) apparently
dips to the east, that on the west of the deposit does not dip
away from the horst, but again towards the east. .

11. Area 2 is apparently a single anticlinal horst with

a major element ¢of dip to the west.

12, The operational significance of the inferred dips and
overall structure is:-

(i) The combined effects of faulting and plunge ensure
that in Area 1 with a 600 ft deep mine, a proportion
of both upper and lower sections of the thick coal
would be included in the take. No such balance exists
~in the south (Area 2), where only the upper and slightly

inferior section is present toc 600 ft.

(ii) Dips are frequently in excess of 309. Since cocal and
parting materials will be loaded from the same bench
with the same excavators, it is significant that a
range of geometric configurations 1is likely. Irrespec-
tive of the pit shape, coal and parting may be present
within the same bench height, dipping into, out of, or
obliquely to the bench face. Hence, problems of segrega-
tion during excavation are possible and some bench
collapses are probable if bench slopes are very steep.
It is partly for this reason that more detailed explora-

tion is needed within the coal ares.

{iii) The western slope of Area 1 comprises strata dipping
at 15 to 30° towards the excavation. Quite apart from
the problems of superincumbent mud slides, it seems
likely thal careful benching will be necessary, possibly
to the exient that bench faces lie parallel to the dip
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of the strata. Ekven with this solution the possibility
of slides due to buckling or cross-over joints must

be investicnted.

{(iv) The separaie and thinner coal on the western side of
the deposit will lie partly within the slopes of the
600 ft deep mine, therefore the proposed limits on
the western sidce of Arew 1 musl, in due course, be
carefully examined to investigate the final limit of

working.

(v) The combined effect of dip and faulting will influence
the siting of the main access incline. A truly central
incline would probably lie west of the anticlinal horst
running approximately NS along the position of Hat Creek,
where coal outcrops can he seen. However, on the basis
of structural interpretations, certain advantages may
accrue i1f it were sited aloug this horst to the east
of Area 1, and not in the centre of the deposit,.

(e} Less uoal might be tosporarily or permanentls
sterilised beneath the incline, since the horst
appears to include the lower coals, most of which
would be removed, whereas the central incline
would be located over upper coals and preclude

the mining of the lower coals.

() 1In view of the preliminary findings of GA
regarding the location of mud slides, and the
identification of more stable glacial gravels,
a stable easterly incline may become quite feasible.
Clearly the positioning of the side slopes of
the incline in various places nust be examined
to check the implications for security of the

whole.

13. It is possible to see significant gaps in present
structural knowledge of ground within the slopes. Using the range
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of slope angles from 15 to 25° as reasonably suggested by GA,

it is notable that large areas have not been drilled to date
particularly on the north-west, east and south-east areas of

the proposed mine. Particular attenticn must be given to these
areas to determine the dip of the strata, since outside the
coal areas it is not possible to use the assumption that over-
lying claystones are conformable. Also, 1ittle is known of the
levels of the interfaces between the claystones and the voleanic
rocks on the west, and the claystones and gravelly superficials
on the east. These interface levels must be known, since stable
and economic slope angles will vary in the different soil and

rock types.

14. The gaps in structural information within the main coal
deposit are smaller, but just as significant, and recommendations

regarding the infill drilling are made below.

MATERIALS

Overburden, Partings and
cther Strata

15. The observations of GA are pertinent to both stability
and ease of excavation. Clearly the stored cores of claystone
may be either stronger (dessicated) or more broken (slaked) than
fresh material. From the description given in Section 1II, the
compressive strength of a few of the claystones could be as low
as 200 to 300 kamz, ie 30 to 45 lb/ing. {English coal measure
mudstones range from 700 to 5,000 lb/inz.) A few compressive
and shear strength tests would certainly be a useful guide at
this stage. This material is obviously an engineering soil and
will behave as such, except where bedding separation surfaces
and mylonites are present; ie rotational or curvilinear failure
surfaces will develop. Benches of 50 ft could well be too high,
even for short term slopes and the proposed 40 ft benches now
seem more realistic. Obviously more reliable bench heights and
angles will be obtained following testing: since stability and
drainage are related and time dependent, this testiing should
consider the effects of drained, partially drained and undrained
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material strengths. The strength range indicated (perhaps

30 to 500 1b/in2) would probably be suitable for either excava-
tion with loading shovels or BWE. Of the remaining materials,
little is known at present. We are not even certain whether

the moderately strong materials at the NW end of Area 1 are part
of a burn zone or true volcanics. Either material is likely to

be quite strong and will reguire blasting and excavation with
shovels. Obviously much more data are required in this area and
the meode of origin must be ascertained since this has a bearing

on features which can be anticipated. Slopes between the proposed
range of slopes 15 to 25° would incorporate large areas of over-
burden of completely unknown strength, ie proportion and distribu-
tion of volcanics and claystones. A significant amount of drill-
ing must be allowed to cover the slopes on all sides of the pit

to permit a good assessment of excavation requirements, as well

as stability problems.

16. The superficial materials are likely to vary greatly:
the large mudflows should represent quite easy digging, but
difficult stability problems. The glacial gravels and boulders
would give few stability problems, unless lying above weak clays
or water-logged sands or silts., In both materials loading shovels
should handle material adequately. More needs to be known about
the distribution of boulder sizes and the size of competent blocks
within the mudslides and moraines before commenting on the use

of BWE's in these materials,

Coal

17. Trends in quality are not precise and reflect the
difficulty in establishing lithological correlation, even over
short distances. It is usual for coal quality variations within
an individual horizon to follow systematic trends and for these
variations to be characteristic of a single seam or layer with
other variations in the guality of adjacent seams. It is doubt-
ful, therefore, that quality variations can be produced on a seam
by-seam basis, and therefore data must be accumulated on a bench-
by-bench basis so that the effects of deepening and widening on

systematic benches can be examined. This may reguire DCA to change
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their system of sampling and presentation of data, particularly
that from inclined boreholes, and it is partly for this reason
that it is sugpgested that future infill drilling should be

vertical.

DRILLING COSTS

18. In many parts of the world it is usual toc undertake
detailed coal exploration in relatively simple geological settings
at borehocle spacings down to 1/16 mile. On this basis 5,000 to
10,000 tons of coal is proved per foot of borehole in coal.
Drilling costs may not directly reflect this figure, since the
relationship does not take into account footage drilled in over-
burden, However, it is recommended that a similar approach
should be used in an area such as that at Hat Creek where a con-

siderable degree of structural complexity obtains.

Basis of Drilling

19, Since some major faulfts and fold axes trend N to 8

along the valley, the emphasis on & to W sections, and also N

to S sections, appears sensible. The present distance between
sections of 1,000 ft in Area 1 is too great to remove structural
uncertainties regarding correlation or the location of faults,
Much of the recent drilling has been inclined: some of the earlier
boreholes do not have reliable analytical results and some data
from recent inclined boreholes are difficult to integrate with a

bench-orientated layout. Hence it is suggested:-

(i) That further EW lines of cross-section be established

at 500 ft intervals from N to 3.

(ii) That the spacing interval between boreholes on section
lines should, if possible, be not greater than 400 ft.

(iii) That vertical, rather than inclined boreholes be

employed.

{iv) That drilling should extend to the depth indicated by
preliminary gectechnical and mining considerations,

O R W

Lo.d
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namely 600 ft and should be extended to include
ground within the provisional slopes.

Choice of Future Drilling

20. The present drilling, although of greater density in
the north (Area 1) appears to indicate that this area is prefer-
able to the deposits in the south (Area 2 north and 2 south).
The basis for this assumption is:-

{i) A better balance of upper and lower thick coal in

Area 1.

(ii) A large coal tonnage with limited overburden cover in
Area 1 if mined to a fixed depth of 600 ft. The cover
in Area 2 south is particularly great, since it lies
beneath a drift terrace rather than along the Creck
bottom.

Possible tonnages in each of the three areas:-

In situ tonnage

Ares

of coal
1 316,000,000
2 north 248,000,000
2 south 163,000,000

Note: tonnage based on 2530 ft overburden cut-off
and 600 ft depth at toe of slope.

(iii) A more circular geometry in the north which favours
an access incline in the centre of the pit. In a
setting where even after full geotechnical studies
some instability is likely; a stable side wall incline,
almost essential in the narrower southern deposits,

may be difficult to puarantee.

21, Notwithstanding the above remarks, the estimates have
been made on the assumption that both outline and infill drilling
is completed in at least one part of Area 2. The future drilling

programme is, therefore, divided into the following:-
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(i)

(i)

(iii)

(iv}

(1)

(ii)

(1dii)
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Drilling required to bring Area 2 (north) up to
approximately the level of knowledge of Area 1 at

present.

Further drilling required to infill Area 1 both
within the main coal area and the slopes.

Further drilling regquired to infill Area 2 (north)
both within the main coal area and the slopes.

The likely cost of undertaking full geotechnical
logging of these boreholes, together with additional
detailed geophysical logging for structure (seisviewer}.

The cost of the above is as follows:-

Drilling on E-W seciion lines at 1,000 fi intervals
allowing three boreholes of 1,000 ft on 8 section

lines, the approximate footage with contingency allowance -
is 25,000 ft. Cost: $750,000.

Further infill to 400 ft spacing on existing sectiion
lines, 36 additional 600 ft deep boreholes with con-
tingency allowance is 25,000 ft. Infill of the N-S
interval between E-W sections of 500 £t spacing requires
48 additional 600 ft deep boreholes with contingency
allowance, 36,000 ft drilling. Infill of slope areas
with 4 boreholes from toe to crest within 1,000 ft
length of slope toe, is 4 x 15 boreholes of 300 ft,

ie 18,000 ft. Total footage 78,000 ft at total cost

of $2,040,000.

Further infill drilling on each section line 2 x 10
borehcles of 600 ft with allowances, 15,000 ft of
drilling. Infill drilling at 500 ft N-S intervals

in E-W section lines 10 x 5 boreholes of 600 ft depth
with allowance is 36,000 ft of drilling. Infill of
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slope areas with allowance as in {(ii) above, 4 x
20 horeholes of 300 ft, ie 24,000 ft. Total footage
74,000 It at total cost of $1,8390,000.

(iv) Area 1 geotechnical logging costs $234,000. Area 2

Hence,

{north) geotechnical logging costs $222,000.

summary of costs:-

$
Dutline drilling Area 2 north - 750,000
Infill drilling Areaza 1 - 2,040,000)
Infill drilling Area 2 north -  1,890,000) 2iternative
Geotechnical logging Area 1 - 234,000)

Geotechnical logging Area 2 - 222,000) alternative
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I1II GEOTECHNICAL ASSESSMENT

1. The GA report is appended complete to this Section.
It should be appreciated that thls assessment 1s the result of
a very brief preliminary appraisal and it will require revision

from time to time as further data become avallable.
2. Some comments on the G4 assessment are given below:-

{i} Both breakdown and dessication hardening of the
claystone are superficial phenomena and stability
effects depend on depth and rale of penetration and
the extent to which affected material remains in
pogition. The implications are probably more serious
for the stability of spoil heaps than for working or

ultimate slopes.

{(i1) It is importsni that shear testing relates to appro-
priate groundwater conditicns, ie drained, partially
drained and undrained. ¢ corvespond to different

requirements of slope life.

(iii) The strata dips and scale of faulting i1s far greater
than that usually found in active coal mining areas,
and it is greater than that found in locations such
as the Peace River Dam, where clay mylonites were first
noted. It is possible that mylonites/gouge zones
could be moderately extengsive, covering several benches
rather than a single bench. As mentioned in Section II,
faults could delimit areas of marked difference in
groundwatier and drainage conditions, which may have a
bearing on stability, but it is unlikely that major slides

will occur along the predominantly wvertical fault planes.

(iv) The observations on mudslides are accepted and the need
to identify geomotry and controls, as a major preliminary

to deeper geotechnical investigations, is ecmphasised.



(v)

(vi)

(vii)

(viii)

{ix)

(x)
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Asymptote B reflects mobilized cchesion which reduces
with time, by weathering, creep etc. The relationship

between bentonite content and cohesion appears uncertain.

In general, long term slopes (asymptote A) will be
stable at an angle equal to half the residual frietion
angle of the soil material for non-artesian, but surface-
saturated, conditions. This is indeed dependent on

drainage conditions.

As indicated in (iii) above, mylonites may not be of
limited extent: clearly their presence must be checked
in infill drilling. However, it is doubtful whether
the extent can be ascertained, since, although these
zones are parallel to bedding, lithological correlation

is imprecise.

GA could have discussed the aspects of "severity of
stability problems in relation to depth'.

Sampling and testing of the basal slip surface should
be undertaken and the piezometric elevations beneath

the superficial deposits should also be examined.

Whilst some stratigraphic correlation could be useful,
both to determine the continuity of critical horizomns,
and as a check to DCA's work, the amount of this

checking should be limited.
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1. IR ey R

On the instructicns of PD-NCB Comsultants Lud., aetisg on behall of

B.C. Eydro and Power &uthority, Golder Asscocictes Lid. have carried out a

raview of available information related o tne geotechnical aszpects of open

pit mining of the Hat Creek coai depositcs. in a amOuUnt ol
field workx has been carried out im order to provide a preliminary assessnent
of the nature and extenl of slope stability probicms which may te associated
with mining. Preliminary conclusions resulting from this study are presentea
in this report together with proposals for additional investigations which are

considered necessary for a more reliable definition of slope stability problems

and their solution.

2. BACKGROUND CEOLOGICAL INFCHMATIOHN

The number 1 Hat Creek coal deposit was reported by Dr. G.M. Dawson of
the Geoicgical Survey of Canada in 1877 anc 1894. A limited amount of

exploitation of the outcropping coal took place in 1924 and again between 1933

¥

and 1942 but systematic subsurface explorazioa of the site was not carriad out

entil 1957 when a subsidisry of the B.C. Electric Co, Ltd. carried out some
diamond drilling in the area.

The present exploration programme, involviag a considerable amount ol

¢iamond ¢riiling in both Areas 1 and 2, was commoncaed in mid-:9Y4 by B.C. Hydro

1]
2]

and Power Auchority, present holders of coal licences covering rost of the Uppe

Hat Creck valley.

L4

b4

e
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ig not the purpose of this report to review tno substantisl

r

mount of geological information which is alrcedy aveilable and which s
currently being accumulated in Hat Creck. This data has bDeen adoguallly
sur "o in the following reportis:
1, P.T. McCullough, Memorandum on Hat Creek Exploration Program-—
Progress Report, July 1975, 8.C. Hydro arnd Power Authority.
2. B.C. Research and Dolmage Campbell & Associates Lid., Preliminary
Environmental Impact Study of the Proposed Hat Creek Devalopment.
Submitted to B.C. Hydro and Power Authority, August 1975.
3. Dolmage Campbell & Associates Ltd., Progress Report No. 1, No. 2
coal deposit, Hat Creek project. Submitted to B.C. Hydro and
Power Authority, September 1975.

A very brief review of the geological setting of the Hat Creek coal
depdsits is considered appropriate and is as follows:

The valley of Upper Eat Creek is largely underlain by tertiary sediments
that form an elongated basin-like structure conforming to the valley walis. The
basin lies north-south along the valley of Upper Ha£ Creek for a length of about
fifteen miles with an average width of about three miles. Tﬁe vélley sides
&t higher elevatioas are‘comprised of terraces of vyounger voleaniec rocks
that apparently represent remnants of younger volcanic deposits that once covered
the valley.

The sedimentary rocks are predominantly very weak poorly cemented silts
and clays and semi-consclidated sands. The sedimenis can be easily brolken o
cut with a knife and many sections are so soft that they can be remoylded by
hand. The underlying coal is contained in two major seams; the upper seanm is

about 400-600 feet thick and the lower seam is approximately 1600 feet thick.
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A promincur feature of the tertinry bedrock is the nresonce of major,
ropgional neavly wvoeritical block faults. Tho v faulits cross the
noriih ond ol thoe valloy An an @ood aovon-roo olreonion and o.w sacod oLout
one mile aparﬁ. The second major fault trend is roughly parallel to the
Cpper Hat Creck vallicy. These faults are probably related to the Frascr River
Fault syster lyinr approximately four mile: o the wesc. These Large block

faults have played an important rale in localizine the cosl.

3. GZOTZCHNICAL BACKGROUND

The geotechnical studies which were carried out on the Hat Creek
project before August 1975 are summarised in the following report:

Dolmage Campbell & Associates Ltd., Hat Creek Project, No. 1 Deposit

Rock Mechanics Data. Submitted te H.C. Hydro and Power Authority,

August 1975,

Loes abtained frowm tests carried out et

Most of rhe datz prev

the suggestion of Balph B. Peck whose two letters, dated February 10, 1975 and

~August Z5, 1975, svomarise the considerations which have heen given to pit slope

stability. The conclusions reached by Peck may be summarised zs follows:

1. Most of the materials overlying the cozl show very severe break-
down during slaking tests and are expected to exnibit the
behavicur of heavily overconsclidated clays or clay shales of the
unboncad variety.

o the anticipeted siupns, the nohesive

i~

Beczuse ¢f the grest

slope stability which will be depeadent upen the Ivictional

]

resistance of the material, This frictional resistance will hav

ics lowest velue aleng bedding plan

hod hd

b d

v

—

-

o d
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Ze far smooth voddlng surfaces iz cotinmaoed

Waen the bedding planes arc oricnfed in such a wanncy thao

failure would occur across rather than along the plancs, a rouzi-

ness component i = 15° can be acdec to the averaze friction

angle of the bedding planes § = 25° to give an effective Iriction

angle § 4+ i = 40° along the failure surface.

The friction angles given above are based upon the assuaptions that

a. the water pressures along the sliding surfaces are close to
zerp and

b. the ﬁaterials have not been subjected to previous shear
displacements which would have reduced the frictional
resistance from peak to residual wvalues.

Significant groundwater pressures could result in z reduction of

zbout 50% in stablé slope angles.

The presence of gouge or mylonites in areas subjected to previous

shear displacement could reduce the friction angle parallel to

badding to as low as 3° in local areas. Because the areas

subjected to previous movemsat are not expected to constitute a

large percentage of the total volume of material overlying the

coal, the prescnce of gouge or mylonite is expected to influencé

local bernch failure rather than overall slope stability.

On the assumption that some effective drainage can be implemanried,

it is coﬁcluded that slopes in which beds dip zowards the cut at

angles in excess ol 90% will be stable at the ineclimation of the

bedding, provided that this does not exceed 40°, Elsewhzare, the

. ) o
stable slope angle 1s estimated at 407,
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4, RUVIEW OF PRON'S CONCLUSTOWS

P

R T B ey H 3 ? .- * L —— i1 o ey Yy L
Golder Assoclates Lid., lhaove rveviowed Pecl's conclusions in oo lizhi

of the Infermetion which has begome cavollable ud to thne fime ol writing thisg
pfyeTel aul “ne following comments are offered on the conclusicns summariscd

oa pages 3 aand 4.

s Althouzh Peck notes that severe breakdown o the materials
overlying the coal occurs on exposure, he does not di;cuss this
in relationship to the stability of the slopes. This breakdown
may prove to be particularly significant in relation to oparating
bench slopes which are oanly reguired to remain stable for limited
periods of time.

2. Peck's conclusion that the cohesive strength of the materials
should be ignored in slope design applies specifically te ultimate-
pit slopes which will be of great height. The-stability of many
slopes of limited height will be critical during development and
operation of the pits and the cohesive strength of the materials
will be important in determining the safe angle at which these

slopes can be mined.

3. Comments by a number of people associated with the early geotechnica:

studies suggest that all shear tests carried out by Peck were on

-

conglomerates and sanéstones underlying the cozl. Consequanitly,

g
1
b
n
5.
&

e
|
o
e

the estimated friction angle of batween 20 and 30 deg

bpe applicable to the Coldwater claystones and the coals which will

<

be exposed in many of the pii slopes. Mo shear tests have been
carried out on the clazystones but Golder Associates Ltd. are giving

serious attention to obtaining representative samples of these

it
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limited rnumber oi

waterials in order ro conduct a

on both claystones and coals.

it is the opinicn of Golder Associates Ltd., that the joint
roughness cemponent i = 15° suggested by Peck can only be
applied to the conglomerates and sandstones underlying the coal
and to the small areas of volcanie fock and burnt materials

-

which occcur on site. The Coldwater claystones are very weak

and their failure will probably be plastic rather than

dilatant,.

The friction angles suggested by Peck are based upon the assumptions
that the water pressures in the rock mass are low and that the
materials have not been subjected to previous shear displacement.
Golder Associates Ltd. consider that there will be a nugéer of zareas
in the pit in which neither of these conditions will be satisfied
and, consequently, the slopes will be significantly less stable

than an analysis based upon peak shear strengths under drained
conditions would indicate.

Examination of the site reveals that there iz a2 large amount of
groundwater present and that only a limited movement of this

water occurs. This suggests that drainage of the materials in
which the slopes are to be cut may be very difficult to achisve.
Exploration driliing has revealed that the area is extansively
faulted and that there has been some slumping during deposition
Both these conditions are associated with

of the sediments,

large shear movements and with the formation of gouge or mylonites

Golder Associates
-8 -

gr—————



wilen will seriously reduce bhe stability of slopes in which

L—d

they occur. Golder sAsseociares Lid. agree that such instebilicy

T

will prohably be restricted to local Lenches since the gougc

zones will probably not be of sufficient exteat to influence the

4

ultimate slopes. While the faults appear to be continuvus over
considerable distances, they are generally near verzical zad
should not play a major role in slope stability;

8. In view of the reservations expressed above, Golder Asséciates Lec.
are of the opinion that Peck's estimate of a stable slope azgle of
40° on three sides of the pit is probably too optimistic, Since

-~
Peck's comments do not cover the stability of the glacial drift

b e —d

overlying the coal or the Coldwater claystones which will

-

represent significant proportion of the waste material to be mined,

separate detailed discussions on these materials are given bdelow.

L

b d

2. STABILITY OF SURFACE MATERTALS

The surface materials, which vary in depth from 10 to 300 feet zcross

. .

the site, may be broadly described as glacial drift. The American Geological

- . : s 2. : o a1z ™
Institute's Glossary of Geology (1972) defines drift as all rock material (clay, !
-

sand, gravel, boulders) transported by a glacier and deposited directly by or
) -
from the ice, or by running water emarnzting from a glacier. »
In places, this drift is the result of detritus being removed or -
"yashed out" from the glacier by meltwater streams which has formed sirariiied -
- ¥ ~
iavers of sand, gravels and boulders. Bacausc most oi the clay sized :
. v
M
i
—
-
-
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A nizn proportion of che opern viv walls will be cut in Coldwater clay-

St e

an¢ iv Zs therefiore anecesssyy to consiier the stability of

B e R

The claystones contain varying amounts of bentonite and the conseguences

&) TWnen the benroaite content is low, the claystone hardens on exposure and
core which nas been stored in a dry core-shed for more than a week.
can give a very misieading irmpression of the in situ materizal.

ore which has hardened as a rasult of
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tics Indicates an averasze unisuisl cowmpressive strengin of
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~proximately 2000 1b/in”. It is estimated that this represents

m

an increase of 4 or 5 times on the strength of the in situ materizal,

i b} ¥ren the beatoaite content is hig the core brezks down extremaly

rapidly upcn exposure. This is fliustrated in Plate 2 which shows
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2 core tray in which severe breakdown oI sactions of the core has

e

ogourrad. This breakdown will have a signiiicant influence oo the
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The primcipal materials underlying the coal arc congiomerates and

zulting has resulted in some of these moterials outcropping it
lgcal areass and It appears that most of Peck's work was directed towards ti
eneral, these materials are harder a2nd nore competent {han

tne claystonces, they ere more permezdle and feilures are 1ikely to be controllcd

cintg rather than by the

azneral terms, Golder Associctes Ltd. are in agrceement with Peck's

conciusions on the stability oI these materials.

5. GENERSL CONCLUSTONS 0N SLCPE ETAZILITY

Based unon a review of exwisting
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The presence of significant areas of potential mudslide material
in the Hat Creek valley has serious dmplications in ail aspects
of mining. As a first step, it is considered essentizl o carry

out a study, based on air-phcto interpretation and field work, to

define the extent and nature of these mudsiides. Underzining of

this mudslide wmaterial will probably remobilise the slides and

hence consideration must be given to methods for dealing wich
instability in these materials. In genexral, these slideé will be
slow woving but, under cer:izin conditions, can move very rapidly
and can be extremely hazar&ous to men and equipment in the mina.
The presence of mudslide material also represents a prqﬁlem'in the
disposal of waste and in the location of plant sites. The
material itself is extremaly poor as a foundztion materisl for
almost any structure. Its stzbility in a waste dump will be
severely limited and special provisions such as selective dumping
and the use of retaining dykes around dumps may be required.

The presence of groundwater has an adverse effeci upon stability
and its importance has been emphasised throughout this report. A
gcmpréhensive programme for the study of groundwater probdlems in-
the Hat Creek valley has aiready been Qroposed by B.C. Hydro an

Power Authority - see Appendix II of this report - and it will be

necessary that any geotechnical program should be closely coordinated

with this study.
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PLATE 1 - STABLE GLACIAL OUTWASH MATERIAL




PLATE 2 - EXAMPLE OF CORE BREAEDOWN ON DRYING
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APPENDIX I

AIRPHOTO OVERLAYS INDICATING
POSSIBLE MUDSLIDE AREAS IN

THE HAT CREEK VALLEY
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NOTE: Air photos are supplied by:

McELHANNEY SURVEYING & ENGINEERING LTD.,
Photogrammetric Division,
1200 West Pender Street,
Vancouver 1, B.C.

The individual numbers are on the drawings.
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L0 T0L oYL Lng. GoLCoy Associacwe DTTROCL&L I0T jrolllanican S:LA\.-\_U’ ]
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coiached 0 fne PO-NC3 Comsultunts Limited wronosal dated Soptonber 16, 1073, :]
T a n G I T em * ST B | VTN - .- - P G -~
TS2 SCO0PE 0D Lh@ WoUk To oé carried out in Stage I was outlincd. Tnc
e - - LSy el
C materiais &and :]
- - o e A e N o L - < 3 o 3 - = - -
& presence oI potential mudslides necessitated a slight change of emphasis in
12 WOrK and some work remail to be d { mpl Staze I This additcional
Co2 WOk an e Work remains e} e one To comp ete cage L. Nls a2a.Clonia
e eat, LY 5 o Y ¥ - ~— - 1 = > b e S -~ - b S e
SOUK WiLll result 1n some over-run on the original budget of $15,000 allowed for
slafc L. ]

The proposals which follow are for both Stage II and Stage III which ~
- - o ~a 3 o CI 3 ey . LI R ) 3 2 at it
relzte to the detailed feasibility assessment of the mining area chosen for the
: —
commencement of mining at Hat Creek. These proposals are divided into three
v
sactions:
S~y
(1) 4Assesszent of stability of the superficial deposits, including —
the inferred mudsiides observed at the site.

{2) issessment of stebility of open pit slopes principally in the

Coldwater sediments and cozl deposits. :]

meterial, the following questions have to be considered:

—
{g) What is the lateral extent and thickness of such materials? B
{b; Wnat class and kind of material are they composed 0I? —
{¢) Wnat cre their shear strength characteristics? -
U -

{¢) Vhat are the piezometric elevatidns in the deposits?
sl
—
l
—
SLSCSIELET 5
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on the
caosen

YO PTOVILC answers O These uUistions the [0LLowing nrosram of wosk
SOSCC.
(&) Scoil drilling, apvroximately 15,000 ey, and surfacce dozer
Creaching.
{(b) Ticld dimstrumentation consisting of piczometer and slope
installations.
{¢) Lcboratory classification and shear strength testing.
{(é¢) Stability analyses to define pit slope angles in overbdurden.
(e) Preparation of a report presenting the Stage II data, our

cure core IZor geotechnical information, to determine structural orientacions,

- A.33 -

gnalyses, and an assessment of the results relative to stabi

of pit slopes in surficial overburden.

ne estimated cost for the above work would be $400,000. !

-3

Stapilicy of Pit Slicpes

In order to arrive at specific design conclusions on pit slopes, side siopes
access ramp and operating benches, it is necessary to.log all existing

ut cetailed air photo imterpreceation and rock strength tests.

led stability anelyses

[N
cr
=

be use 0 carry out deta

pit site is $1,000,000.
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SOLDER ASSOCIATES  PROPOSAL ON HYDROLCGY STUDY

ST L DY
e A aa

INTRODUCTION

SITE CONDITIONS AND INVESTIGATiON PHILOSOPHY

LEVEL I - PRELIMINARY HYDROLOGY STUDY

A,
B.

c.

SCOPE
PROPOSED PROGRAM

TIMING )

LEVEL II - MINE FEASIBILITY HYDROLOGY STUDY

A,

B.

C.

D.
E.
F.

G.

OBJECTIVE AND SCOPE
METHOD OF APPROACH
DETAILS OF FIELD PROGRAM

DETAILS OF DATA REDUCTION AND LABORATORY
PROGRAM

DETAILS OF ANALYTICAL PROGRAM
TIMING

OUTPUTS AND PROJECT CONTIROL

LEVEL III - ENVIRONMENTAL BASELINE AND PIT DESIGN STUDY

COSTING
PERSONNEL

EXPERIENCE

APPENDIX I
2 PPENDIX II
APPENDIX III

APPENDIX IV

Terms of Reference
Details of Costing
Schedule_éf Rates

Cirricula Vitae

Colcer Associates
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Tho Level I progrem is a proliminary cvaluation, with litilc field
mpiecion is scheduled for the end of January, 1976, at & cos:z of
Th;s program will summarize and coalesce available nydroiczy inform-

will identily more closely future investigatory reguirements.
iminary nining feasibility studv will also be presented,

en

The nevel IT program is a more complete mine feasibility study,

and Will provide the hydrologic intormation necessary for preliminary mine

cesizn and for the nydrologlcal envirommental impact assessment. The program
uic 5o complete by the end of December 1976, at 2 cost of about $1 miilion.
rogran will have a major emphasis on field testing for parameters, and

the results into the hydrologic simulation models required for

cesign, stabilization strategy evealuation, and environmental impact assess—

v ITI progrem is a2 follow-up program required for longer
term tal monitoring, and for detailed mine design. No time ox
cost : for this level can be made at present, although such a program
wouid De consideredbly smaller than the Level II program.

Golder Brawner & Associates Ltd. are well suited to conduct this
prozrem, oeing a British Columbien firm, with uniquely appropriate experien
in large energy mineral hydrology and geotechnical studies.
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This short report identifies the aims, methodologies, outputs,
enc costs of the first two study levels, and an outline of the
Tnlzcd. 1t is a preliminery assessment, &and the costs are cevelozad on the
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Cciner Drograms. Obviously some economy over the reported costs will be
obteinable 1f conjunctive use of drill holes end personnel can be achieved.
The overall scope of the study required was made availablie to us In

the forn of a B. C. Hydro document entitled "Drait Terms ol Reference -

Ingincerinz Assignment to Hydroelectric Design Division - Grouad Weter Suxvey''.
A copy of this document is attached as Appendix 1.
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The Level I study has already been presented as a separa

proposal for a preliminary geotechnical study ol Zei lreek

cozl mining. It is re-presented in this propozel in greater detall for the
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A1l relevant information obtained in this and prececdent

wiil be coliected and assessed. Data to be evaluated will

de geclog topogranhy, meteorolog litholozy, surface
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hylrology, subsurface hydrology,.drilling logs, geophysice-

sheto information, water conductivity, meterials,

tests, and historical information. A considerable amount of

information has been alrsewdy asscmbled by folmage, Canxpbell

A field reconnaisance to the site will be required to

personnel with field conditions and to perform a limited

liation program.
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systen (L.e. evaluate the orosity and specific storage of thc
~oom et - L
varicus media),
e = LR = ) 1 . i v -
=& tlelc program will comprise packer testing, pumping tosts,
IS A mee P AT A o - PO ER SO -3 £ 3 R I TPk B
sLezomecel Lnstai.ccions, Zastrumentation of the trial DT, and & fgetegilcu IZe
[
TECOoLnaIsSEIlCe.

or the first three of these activities a network of test welis wili

be required., We recommend the drilling of ten holcs on or near each of two

. —

major sectlons, 7000'N and 15000'S, and additionally the use of six of the holcs
—
proposed iIn other programs along the valley outline. Hole depth will typically _

A\ ] .

52 1,000 Zeet on the two sections, with the outer holes penetrating only 500 -
- - .. . .- . 5 . m o PR PR -~ M)

feet., Xew drilling will totel about 15,000 feet. The arrangemen: of test holes
' —d

is shown on

a network of shallow holes will be drilled near the trial pit,:]
priate piezometric observation points installed. :]

in total, twenty-six deep holes at various locations will have

2

—

nydrologic information available from them, with packer data in ten of the
et

noles, anc pump test responses at many of then.

. —
The field testing will comprise the following: —
i Packer Tests ' -
—

These tests have the capability to identify the permeability of

the media which make up short sections of the hole, Taay a-

(V]

1 e | =

relatively inexpensive eand, when properly perficrmed, give

reproducible values of material permesdilicy.

We propose the exhaustive testing of .ten coreldoles, with up to =
2 = b g - ol o - Y. = - -
total of 100 tests being performed. Tae packer teszing will

-7 -
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during a long term pumping test can identify ‘time dependent
behaviour parameters and further verify effective permeability
values, The installation of observation points along the two
sections utilized for packer testing is recommended.

4, Trial Pit
We understand that a trial open pit in coal is to be excavated
in order to obtain fuel samples. Details of this pit have not
been made available, however, we would propose to observe the
hydrological impact of this feature as it develops, and after
it has finished. 1Installation of observation piezometers in
shallow holes will form part of our study, and the results of
the investigation will be analysed using our finite element
method flow analogue capability. We would require involvement
in the planning stage of this trial pit if optimal hydrologic
information is to be obtained.

5. Detailed Field Reconnaisance

In addition to the above testing, a detailed field reconnaisance
will be undertaken to add to information currently available.
This will concentrate on locating springs, quicksand areas,

seeps, and other evidence relating to subsurface hydrology.

D. DETAILS OF DATA REDUCTION AND LABORATORY PROGRAM

Analysis of information will be concurrent with collection of field
information. The analytical activities will have as their aim the assembly of

a hydrologic model of the pit areas, and of the Hat Creek Basin.

1. Packer tests - deviation of permeabilities.
2. Pump Tests - analysis and simulation,

3. Piezometric information - refinement of simulator using

Golder Associates
-9 -
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observed values,
4, Geology/Geophysical and other information - assembiy and input
to hydrology model. |
5. Core permeability program - testing and estimation of actual

bulk permeability values,

E. DETAILS OF ANALYTICAL PROGRAM

The predictive hydrology model will be used to analyse situations of
mining hydrology significance. This phase will include analysis of hydrology
of various pit slopes under undrained and draingd conditions, and evaluation
of the effectiveness of various water pressure réduction strategies,

Analyses will be performed with the aid of our in-house 2 and 3

dimensional finite element method hydrology simulation capability, which has

been used with considerable effect on several recent hydrology studies of this

type.

F. TIMING

The program set out above as the Level II gtudy will require an
elapsed time of one year. Of this, six months will be required f;r field
work, and a further mnon-concurrent four month period will be needed for the
completion of the analysis. We anticipate that mobilization will requireAan
elapsed time of between one and two months. Thus, it is reasonable to expect
that, if the study were initiated in January, 1976 it could be finishéd by
December, 1976.

It should be noted that a preliminary report could be prepared in
May, 1976, which would be useful in making minability decisions. This would

include results of testing to that date and a preliminary version of the

Golder Associates
- 10 -
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hydrology model for the basin. This report would probably fulfil some of the

eérly needs with respect to pit design and stability control strategy.

G. OUTPUTS AND PROJECT CONTROL

In a project of this size and timespan a fixed series of check points

and coordination meetings are essential. We would propose that such a control

initiation., We have found in similar projects that monthly meetings and

quartefly reports are usually fairly near optimal for good communication,

Golder Associates.
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LEVEL III - ENVIRONMENTAL BASELINE AND PIT DESIGN STUDY

At the conclusion of the Level II study there will remain two out-

standing study areas.

1.

Environmental Baseline

The network of piezometric observation points developed in
Level II will be adequate for this purpose. Accordingly, all

that will be required for this program will be continued reading

~

of the piezometers and development of a body of baseline infor-
mation., This could readily be performed by personnel supplied
by the client, with occasional engineering input from Golder
Associates.

Pit Design Study

When specific pit locations are chosen it may be necessary to make

a more detailed study of the hydrology of the proposed pit walls.

We regard detailed planning and costing of this phase as inappropriate

at this time.

for Level TII.

However, part of the Level II study will be to provide a program

Golder Associates
- 12 -




COSTING

PERSONNEL
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Costing for the first two levels of this study has been estimated as

follows:

Manpower Exgenses" Total
Level I $ 10,550 § 6,450 $ 17,000
Level II $368,000 $628,000 $996,000

Details of the way in which these figures were arrived at are included

in Appendix TII.

The key personnel involved in this project will be:

Principal and Project Director Dr. E. Hoek
Project Engineer and Senior Hydrologist A. Brown
Geologist K. Rippere
Computer Analyst I, Miller
Project Coordinator B. Brooking

Support personnel will bé drawn from the resources of the Golder group
as necessary. Cirricula Vitae of the above persomnel are attached.
EXPERIENCE

Golder Brawner & Associates has extensive experience of large hydrology

projeqts for the coal and fossil fuel industries:

- Morwell Open Cut, Victoria, Australia. Study involved assessment of
dewatering strategies for aquifers bgneath a major lignite (brown
coal) mine, aqd slope stabilization in lignite and clayey overburder.
Golder Brawner & Associates were also retained for hydrology

evaluation of the adjacent proposed Loy Yang Open Pit, which

Golder Associates
- 13 -
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involved a major regional analysis of basin hydrology as well as
stabilization studies.

- Black Thunder Project, Wyoming (Eastern Powder River Basin).

.

Evaluation of regional subsurface hydrology for input into stability
and environmental assessments for an open pit coal operation.

~ Colorado Tract C~b Oil Shale Hydrology. Evaluation of mine inflow,
underground mine stability, regional mine impact and envirommental
baseline for subsurface hydrology.

~ Carbon Creek Coal Project, B. C. Evaluation of undisturbed
regional subsurface and surface hydrology, and likely impact of strip

and underground mining on hydrology.

This specific experience is in addition to a broad associlation with

mining and‘civil éngineering geotechnical projects throughout the worid.

We trust that this proposal meets your present needs. Should you have

any questions, pleasé do not hesitate to call us.

Yours very truly,

GOLDER BRAWN;R & ASSOCIATES LITD.

P 2
[///Z/CE/:C\/
Per: Dr. E. Hoek, Principal o

A
A

. ,
H . ]
O SN WA s ad ara o

A, Brown, P, Eng.

Golder Associates
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DRAFT
TERMS OF REFERENCE

ENGINEERING ASSIGIDTENT 10 HYDROZLECTRIC
DESIGH DIVISION
GROULDWATER SURVEY

_1.0 Provide engineering services to identily the groundwater conditions that

could affect the design and developzent of an openpit coal mine in the

Hat Creek Valley. The survey inclucing field investigations, evaluation

of laboratory analysis and mathematical modelling is to be completed in

conjucction with the Stage 3 detailed drilling progran, the nining of a

coal saxple, and the conceptuel design of the mine.

The assignment is to include but not necessarily be limited to the following

consicderations:

2.1
2.2

2.3

2.k

2.5

2.6

An estirate of the magnitude of groundwater flow rates.

An evaluation of cleft water and seepage pressure conditioas.

An eveluation of the groundwater table elevation ard its variations
due to climatic changes such as spring thaw and winter conditions.
An assessment of the groundwater flow response to surface
hydrogeological changes and the influence of surficial deposits,
vegetative covering and topography.

An investigation of the spatial and directional §ariations in
permeability of materials in eand around the operpit.

The influence on groundwater conditions of major geological features

such as fault zones and impermeable seans.
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3.0 Methods to be considered for obteining and assessing data are to incluce:

-~ Y A A X4 —— . -
3.1 rield Measurementi Surveys

- installation of plezcmeters in diamond drill holes in and
around the designated openpit area for obtaining water pressure
cata. th short term and rermanent monitoring installations
are 10 be coasidered with frequency of readings depending on
chenging hydrogeologic conditions.

- puzping, falling head and/or borenhole water packer permeabiiity
tests in diaszond drill holes.

- field measurexzents as required to maximize the input of usefll

ta generated prior to, during and after the excavation of a
test trench for removal of a coal test burn sample. Measure-
ments sucﬁ as groundwater flows toward the excavation, required
pit dewatlering and water level changes in surrounding boreholes

are to be included.

3.2 Eveluation of Laboratory Analysis

- assessment of the permeability of materials im and around the
openpit by evaluation of laboratory permeability tests on diamond

drill core and bulk samples.

3.3 Mathematical Modelling

- mathematical simulation of'groundwater flow.
- establishment of a control grid of piezometers to assess the
boundary conditions of the mathematical model and check

predictions of pressure distribution within and around the opempit.

J L d g
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The assignment is to be completed in cooperation with the following plans

and schedules:

L.y

b2

4.3

L.b

Stage 3 Drilling - Dolmage Campbell and Associates Ltd. would be

ranaging contractor and geological consultants for espproximately
50,000 feet of diamond drilling. The detail drilling of the
selected openpit is scheduled to commence in November 1975 after
a decision is made whether to develop openpit No. 1 or 2. A
paximum of ithree drilling rigs will be involved in the program

including 5eophysical logging and related studies.

Mining Conceptual Design - work will commence in September 1975

and will require input from the groundwater survey to determine
the influence of groundwater conditions on slope and pit base

stability and dewatering requirecents.

ining Coal Sorzle - a S0,000 ton coal semple is to be mined

between March and May 1976.

Laboratory Analysis - both Dolmage Cempbell ard Associates and the

Systen Design Division are arranging for extensive coal and over-
lying material analysis. Specific testing for permeability,
pofosity and other uﬁe:al data for groundwater assessment can be

arrcnged in conjuactioan with drill core and bulk sample analysis.

5.0 A cost estimate of the assigrmmeal is o be submitited by 30 Septexber 1975.




m

M

- A 53

LITC LnG

X

ard

TC

6.0 =

.

to convey data

anning Deperiment.

ten

Assis

»

-

m rmm rMm

r

r M

M MM

2 September 1975

JC=

I-4




APPENDIX II
DETAILS OF COSTING
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APPEXNDIX I

Details of costing are presented for Level I and Levecl II of the progran

in ordexr to indicate how totals were obtained. It should be noted that actual
expenditures may not follow this breakdown, due to changes in approach or
timing dictated by field conditions. The information here should therefore be
regarded as informatory, rather than contractual.

Aétual billing will be on the basis of the schedule of rates of the
Association of Engineers of Britisﬁ Coluzmbia, with expenses re~billed to the
client at cost plus 5 per cent handling charge, as set out in the attached

sheet (Appendix III).

A, LEVEL I
Costs are presented on a weekly basis, and include all anticipated

charges for the Level 1 study.

1. Review of Available Information
Senior Hydrologist - 1 week @ $1,200/wk. $ 1,200.
Junior Engineer - 2 weeks @ $ 800/wk. 1,600.
Communications : 500.
$ 3,300,
2. Site Visit
Senior Hydrologist - 1 week @ $1,200/wk. | $ 1,200.
Junior Engineer -1 week @ $§ 800/wk. 800.
Equipment (piezometers) ' 2,000.
Travel 200.
Accommodation ' 400,
Light Aircraft (Reconnaisance) 500.
$5,100.

Golder Associates
- II-1 -
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3. Testing and Analysis
Senior Hydrologist —= 1 weck @ $1,200/wik.
Junior Iagincev -1 week @ & 800/wik.
Technician - 1 week @ $ 600/wk.
Computer‘Analysis

4, Renort
Senior Hydrologist -~ 1 week @ $1,200/wk.
Junior Engineer - 1 week ¢ § 800/wk.
Draftsperson -~ 1 week @ § 500/wk.
Typist ~ 1/2 week @ $400/wk.
Reprographic (20 copies)

5. Managenment
Principal - 1/4 week @ $1,800/wk.
Communications

TOTAL (LEVEL 1)
B. LEVEL II

We have provided below a rough estimate of the order of cost of the

proposed Level ITI program.

a.

The program outlined is likely to be substantially modified in

It must be remembered that:

$ 1,200.
800.
600.

2,000.

$4,600.

$ 1,200,

800.

500.

200.
500,

$ 3,200.

$ 800.

$17,000.

the light of the finings of the Level I study.

Field conditions may make sections of the program impossible

to perform and may require major modification to the proposed

program,

Golder Associates

- II-
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The cost estimate is broken up into the same general sections as the

work, in order to show their relative contributions.
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1. Field Program - Direct Costs
Drilling: 15,000 ft. @ $30/ft. $450,000.
Packer Equipment Hire 100 @ $50./test $ 5,000.
Piezometers: 5 x 26 @ $100 (total) $ 13,000.
Caéing: . 2 x 1000 ft. @ $20/ft. $ 40,000.
Well preparations: 2 x $§15,000 : ) $'302000.
$538,000.
2, Field Program — Personnel
Senior Engineer 1 x 25 weeks @ $1,200/wk. $ 30,000..
Junior Engineer 1 x 50 weeks @ $§ 800/wk. $ 40,000,
1 x 25 weeks @ § 800/wk, $ 20,000,
Technician 1 x 50 weeks @ $§ 600/wk. $ 30,000.
Per Dieﬁ,.traﬂsport, communication etc.,
($40/manday allowed) $ 42,000,
$162,000.
Data Reduction and Laboratory Program
Senior Engineer 1 x 25 weeks @ $1,200/wk. 5 30,000.
Junior Engineer 1 x 25 weeks @ $ 800/wk. $ 20,000.
Technician 1 x 25 weeks @v$ 600/wk. $ 15,000,
Computer Costs (lunmp sum estimate) S,;ggyyg.
$ 80,000,
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4, Analvtical Program and Report
Senior Engineer 2 x 25 weeks € $1,200/wk. | $ 60,000.
Junior Engineer 2 x 25 weeks @ $ 800/wk., $ 40,000.
Draftsperson 1 x 25 weeks @ $ 500/wk., $ 20,000.
Typing/Clerical 1 x 10 weeks @ $ 400/wk. $ 4,000,
Direct Report Cost 300 pp. @ $10/page $ 3,000.
Computer Costs (lump sum estimate) $ 20,000.
$147,000.
5. Management of Project
Principal 5 weeks @ $1,80C/wk. $ 9,000.
Intermediate Engineer 50 weeks @ $1,000/wk.  $50,000.
Communications, Travel, etec. ( R $10,000.
$69,000.
Total | $996,000.

The total is comprised of $538,000 in direct drilling and well instal-
lation cost, and $458,000 in personnel and associated expense. We have added
the management category as an explicit expense, and‘we regard the proportion of
managerical to engineering expense (7 per cent of total, 15 per cent of

personnel and associated expense) as about optimal for a project of this size.

Golider Associates
- 11-4 -
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APPENDIX A

TERMS OF RETERENCE FOR
HAT CRELEK MINING STUDY

Provide engineering services to determine the feasibility

and cost of a mine to produce 12 million short tons per year
of coal for the 35 year life of a 2,000 MW thermal generating
station. The normal maximum daily output of the mine would
be 40,000 short tons.

The feasibility study shall include a preliminary assessment
of reclamation procedures. The cost of reclamation is con-
sidered part of the mining cost.

The consultant would assess the field work and exploration
to date. This data would be used for the following:-

(a) Recommendation of further geological and
geotechnical work.

(b) Recommendation of the area(s) and plan for detail
pit drilling to establish proven reserves and
mineability.

(¢) The preparation of preliminary mine plans and
sections.

(d) Preliminary selection of waste and ash dump areas.

A preliminary assessment of the mining costs shall be made
where information is adequate on the area(s) selected for
detail drilling. '

The mine shall be equipped as necessary to deliver coal to
the thermal plant storage pile. Two alternatives shall be

considered: -~

(a2) Run of Mine with waste removed by selective mining.

- A.l\"‘
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11.

(b) Coal mined and beneficiated. : ]

Various open pit mining methods shall be studied and compared ]
on the basis of cost, reliability and flexibility. 1

Coal cost estimates expressed in $/ton and ¢/ton and ¢/106 Btu
are to be calculated for the methods studied. Capital cost

L_J

estimates shall be broken down to clearly itemise the component
costs.

-

(..

J

Cost estimates shall be in 1975 dollars and shall be_brokén
down by years. The interest on capital and interest during -
construction shall be taken as 10%.

LJ

A project schedule shall be prepared on the basis of an
earliest in-service date of the first generating unit of
January 1983 with capacity reaching 2,000 MW by April 1985.

L]

M

The report should contain a study outline and recommendations
for further development of the mine including final mine site -7
selection, preliminary design, and final design. -
Prepare and submit an interim report on Items 3(a) and 3(b) i -
by the end of November 1975. This report shall be based on -
geological and geotechnical assessments completed by that -
time. ' ) -
)
Prepare and submit reports as follows:- ~
: |
.

(a) Openpit No 1 - in draft form by the end of _
February 1976 and in final form by the end of
March 1976.

C—J

{

(b) Openpit No 2 - in draft form by the end of
April 1976 and in final form by the end of

T‘
May 1976. -

In addition, brief monthly reports shall be submitted of ]

activities and cost to date. -

- A2 -
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13.

14.
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The successful execution of the work would require considerable
local knowledge with respect to labour, transportation and
legislation. The consultant would be required to carry out

the major part of the work in western Canada or establish an
affiliation with a suitable local company to ensure adequate
site dependent input.

The study is to be controlled and co-ordinated by the Assistant
General Manager, Engineering Group, of BC Hydro or his

appointee.

Provide budget capital estimates as requested by BC Hydro
during the course of the study.

- A3 -
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13.

14.

15.

16.

17.

- a,vi —

APPENDIX B

LIST CF DCCUMENTS AND DR ‘.”I\'GS IHELD BY
PD-NCB AS AT lSYH NOVEMBER 1975

Thermal Coal Resources - lat Creek. Summary
Repoxt No 1 Openpit Deposit, DCA, 1 Jan 1975.

No 1 Deposit Rock Mechanics Data, Klohn Leounoff
Counsultaants Ltd., Aug 1975.

No 1 Deposit Coal Quality Data, DCA, 27 June 1973,

No 1 Deposit Statistical Tables of Proximate
Analysis Data, DCA, 13 July 1975.

Ultimate and Washability Data, DCA, 15 Sept 1975.

Memorandum re Mining Costs, 25° Openpit, from
Douglas D. Campbell to Dr. Ellis, 7 April 1975.

Hat Creek Coalfield, BC linister of Mines
Report, 1924,

'P*ocress rReport No 1, XNo 2 Coal Den051t DCA,

19 Sept 1975.

Engineering Tests oun Hat Creek Samples, Klohn
Leonoff Consultants Ltd., 12 Dec 1974.

Engineering Tests on Hat Creek Samples, Klohn
Leonoff Consultants Ltd., 20 Jan 197S.

" “Groundwater and Related Conditions in the Upper

Hat Creek Valley, Memorandum from P.J. Street
to Dr. D.D. Campbell, 25 Feb 1975.

Hat Creek Project Progress Report, System
Engineering Division BCH, Aug 1975.

Preliminary Eunvironmental Impact Study of the
Proposed Hat Creek Development,- BC Research
and DCa, 1975.

Memorandum on Hal Creek ILxploration Programme
Progress Report, BCH, July 1975.

Hat Creek - Coal Fired Thermal Power Plant,
Feasibility Report and Cost Estimate (Report
No 104), BCH, July 1975.

Report on Pollution Control Objectives for the
Mining, Mine-Milling and Smelting Industries of
BC, Dept. of Launds, Forests and Water Resources,
Dec. 1973.

Hat Creek No 1 Deposit Field Rock Slaking Tests,
Winter 1975, origin not stated.

- B.1 -
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SORZHOLE AND GXOLOGICAT, DATA

4

L. - Loring Laboratories Ltd., Analysis Report No 10151,
DDl No 75-74, Sample Nc ' 74-37 and 74-41, Oct 19753.

[\V]

Provisional Geological Legend, 6 March 1975.

Record of Completed Drill loles 1974, DDH 74-23
to DD 74-48, and R 74-1 and RH 74-2.
Record of Completed Drill lloles 1975, DDH 75-49
to DD 75-61, and RH 75~-3 and RH 75-4.

(O]

Y
.

Drill Record Sheets for DDII 74-25, 74-48, 75-49,
75-63, 75-68, 75-72, 75-75, 75-76, 75-77, 75-79,
75~ Sl, 75~ 80, 7a~88 75~ 89 75-90, 75~ 91 70 92
70 9\)0

S. Telex from Wrightenga 3 Nov 1975, giving drilling
information of DDH 75-93, 75-94, 75-95, 75-96,
75-97, 75-98, 75-99, 75-100, 75-101, 75-102,
75-103.

6. Sepia copies of «raphlcal logs for drill holes

- DDH 74~01, 74-02, 74-23, 74~ 24 74=25, .
74-26, 74-27, 74 28, 74 29, 74-00 74-31 7A-32
74-33, 74—34, 74—35, T4~ 36 T4~ 37A 74-u8

- 74-39, 74-40, 74-41, 74—42, 74-43, 74-44, 74-45,
74-46, 74-47, 74-48, 75-03, 75-R4, 75-49, 75-50,
75-51, 75-52, -75-53, 75-54, 75-55, 75-56, 75-57,
75-58, 75-59, 75-60, 75-61, 75-62, 75-63, 75-64,
75-64A, 75-65, 75-66, 75-67, 75-68, 75-69, 75-70,
75-71, 75-73, 75-74, 75-77, 75-78, 75-79A, 75-80,
75-82, 75-83, 75-83A, 75-84, 75-86, 75-87.

7. Prints of the above logs with the exception of
DDH 75-68. ;

8. Roke Engineering Geophysical logs - sepia.
DDH RH 74-01, 74-02, 74-25, 74-26, 74-374A, 74-38,
74-39, T4-40, 74-41, 74-42, 74-43, 74-44, T74-45,
74-46, 74-47, 74-48, RH 75-03, RH 75-04, 75-49,
75-50, 75-351, 75-53, 75-56, 75-57, 75-58, 75-59,
75-60, 75-61, 75-62, 75-63, 75-67, 75-68, 75-69,
75-70, 75-71, 75-72, 75-73, 75-74, 75-76, 75-717,
75-78, 75-79, 75-79A, 75-80, 75-81, 75-82, 75-83,
75-84, 75-85, 75-87, 75~-88, 75-89, 75-90, 75-91.

9. Paper prints of each of the above.

10. Loring Laboratoriés Ltd., Analysis Report No 10636,
' DDH 75-68, 20 Oct 1975.

11. Commercial Testing and Engineering Company,

Analysis Report No 64-11201-11206, DDH 75-73,
3 Nov 1975.

- B.2 -
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- 12, Loring Laboratorics Ltd., Analysis Report
No 10633, DD 75-74, 20 Oct 1975.

13. Loring Laboratories Ltd., Analysis Report
No IOOou, DDl 75-82, 20 Oct 1975.

14. Loring Laboratories Ltd., Analysis Report
No 10078, DDH 75-53-401, undated.

15. Ultimate samples co“tgl\lng internal unanalysed
- wvaste sections, DDI 75-37, DCA and Commercial
Testing and Engineering Company, Analysis
Report No 64~10430, 235 Aug 1975.

16. Ultimate samples containing internal unanalysed
- wasie sections, DDd 75-60, DCA and Commercial
Testing and Bn" neering Company, Analysis Report
No G67- 10433 23 Aug 1975.

17. Commercial Testing and Engineering Company,
- Analysis Report No 67- 10406 DDH 75-61,
25 Aug 1975.

_ 18. - Loring Laboratories Ltd., Analysis Report
"No 10087, DDH 75~62, undated.

18. Ultimate samples containing internal unanalysed
‘ waste sections, DDH 75-68, DCA and Loring

—_ Laboratories Ltd., Analysis Report No 10090,
undated.

20. -+ Ultimate samples containing internal unanalysed
. waste sectious, DDH 75-73, DCA and Commercial
— Testing and Engincering Company, Analysis Report
No 64-10732, 1 Oct 1973.

21. ' Loring Laboratories Ltd., Analysis Report
No 10464, DDH 75-74, 1 Oct 1975.

22, Commercial Testing and Engineering Comnpany,
Analysis Report No 64-10741, DDH 75-77,
- - : 1 Oct 1975.
- 23. Loring Laboratories Ltd., Analysis Report

No 10465, DDH 75-80, 1 Oct 1975.

24, Ultimate samples containing 1nterna1 unanalysed
. waste sections, DDH 75-82 DCA and Loring

— : - Laboratories Ltd., Analysis Report No 10466,

DDH 75-82, 1 Oct 1975.

- B.3 -
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2LANS AND SECTIONS

1.

)

10.

11.

12.

Transparencies and prints of topographical plaas,
scale 1 in = 400 ft, sheets 1 to 8.

Transparent plan of No 1 and 2 areas showing
topography, scale 1 in = 2000 ft.

Print of plan showing drilling progress, period
Aug 16 ~ 31, 1975, scale 1 in = 4000 ft.

Print of plan showing exploration areas, Stage 2¢
and 3a Drilling, Aug 1975, scale 1 in = 4000 ft.

Print of plan showing No 1 Openpit Deposit Drill
Holes, 1 March 1975, scale 1 in = 800 ft.

Prints and transparency of plan Hat Creek
Exploratory Drilling 1975, July 1975, scale
1 in = 2000 {ft. i

Prints and transpérency of No 2 Deposit Drill

_Exploration, Sept 1975, scale 1 in = 800 ft.

Priants and transparency of No 2 Deposit

Geophysical Anomalies, Sept 1975, scale 1 in = SO0 ft.

rints and transparency of BC Hydro Preliminary
Stratum Contour Map, 24 June 1975, scale

1 in = 400 ft.
Geological Longitudinal Section Upper Hat Creek
Valley, July 1975, scales 1 in = 2000 ft
horizontal, 1 in = 500 ft vertical.

Sepia prints of cross sections on 2 scale of

1l in = 400 £t at 7000S, 100008, 15000S, 165008,
150008, 220005, 25C00S, 30000S, 7000N, and
proposed drilling sections at 7000S, 10000S,

- 150008, 16500S, 19000S, 22000S, 25000S.

Paper prints of sections on a scale of 1 in = 400 ft -
at 7000S, 10000S, 150005, 16300S, 18000S, 22000S,
2350008, 30000S, 13500X, 1l0500N, 63500N, 3000XN.

- B.4 -
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HAT CREEK Appendix C
BUDGETS
(000 C$)
1975-6 1976-7 1977—801978-9 1979-80 1980-1'1981-2 1982-3 1983-4 1984-5
Geological Exploration of ' (200)§ (600)
Preferred Pit Locations 200 < 550
g . " NOTE: 1. 20th October budget shown
: e in brackets for compari .
Geotechnical Exploration (25)5 (25) parisen
of Preferred Pit Locations 255 25 2. All figures in 1975 prices.
Hydrological Study 50 6 556 400
Geological Exploration to & (1000) (1000)
complete the Selected Mine Design " 1040 1000
) v
| g
.Geotechnical Exploration to o (400) (500)
‘complete the Selected Mine Design @ 834 800
Mining Engineering to complete. (600) (600)
the Selected Mine Design 600 600
Mining Equipment and Services (300) (6500) (8300) (7800) (7400)
' 300 6500 8300 7800 7400
- Continuing Exploration and (300) (300) (200) (100) (100)
Geotechnical _ 300 ." 300 300 300 300
Creek Diversion . ' - (1000) (1000)
"1000 1000
Incline Box-cut and Pre-production | (6300) (8200) (7000) (7000)

.Ovp~hurd~r; Repnval fCash nnly) ‘ 6300 8200 7000 7000
,qu;FiLJ*’x'}’L__JL___J,LwJL_JL__JL_,_JL__JL__JL__AL___JL_JL__JL__JL__J
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ENDIX D

DRILLING DENSITY

l Item

2y 1y -

Area 2 Area 2
Area 1 North South

I Area, ££2 13,900,000 12,400,000 9,600,000
l Average depth to coal, ft 100 150 225
In situ thickness of

coal including partings ft 500 450 375
(to depth of 600 ft),

In situ tonnage

including partings, tons 316,000,000 }248,000,000 163,000,000
Boreholes to slope toe, No 26 6 6
Boreholes 1974/1975, No 9 6 6
Surface drilling 2 |

density, ft</bh 500,000 2,070,000 1,600,000
Borehole spacing, ft 700 1,400 1,300
Coal yield (approx), tons/ft 22,000 90,000 120,000
Proposed addition

boreholes in coal No 84 70 -
(each 600 ft),

Proposed drilling

density. All drilling ft 350 - -
(borehole spacing),

Drilling recent £t 400 400 -

(borehole spacing),

0% s TS G Y Y

Note:

Tonnages exclude coal in slopes
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Reports
(i)

Geological

APPENDIX "B"

LIST OF DOCUMENTS AND DRAWINGS RECEIVED
BY PD-NCEB FROM 19TH NOVEMBER, 1975 TO
23RD FEBRUARY, 1976

"Hat Creek Basin Gravity Survey', C.A. Ager and
Associates Limited {(data).

Data

(11}

(iii)

(iv)

(v)

(vi)

(vii)

(viii)

(ix)

(x)

(xi)

Approximate locations and intersections of
DDH 111, 112, 112A, 113, 114 and 115,

E-W and N-S5 sections of No 1 coal deposit,
1 in to 200 ft.

Down-hole geophysical logs for drill holes
76-111, 112, 113, 115 to 119 inclusive.

Hat Creek drill progress lecation plan, complete
for Stage 3A.

Geological logs for drill holes 75-105 to 75-110
(excluding 105A), and 76-111,112, 1124, 113 to
116 inclusive.

Geological logs (draft) for drill holes 76-117,
118 and 119.

Field slaking tests on cores from drill holes
75-60, 64A, 80, B4 and 87.

Record of completed drill holes, Table 1974 and
Table 1975.

Geological logs for drill holes 75-79, 92, 96,
97, 101 to 110 inclusive.

Down—hole geophysical logs for drill holes 75-105,

107 to 110 inclusive.
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APPENDIX C"

UNDERGROUND MINING

INTRODUCTION

1. It could become desirable to extract the lower

portion of the No 1 coal deposit by underground means. Possible

reasons for this could include:-

(i) Economically more favourable than continuing to
opencast.

(ii) Too dangerous to continue deepening the openpit
because of increasing slope instability.

RESERVES AND PRODUCTION

2, It is expected that the need to extract the coal
by underground means would not occur until after the initial
pit to the 2,400-ft elevation has been completed. The
quantity of coal remaining below the 2,400-ft level is
estimated to be about 560 million tons.

3. The quantity required at the thermal power station
for one year at that time would be 12 million tons. The
estimated waste content for underground mining, which would
necessarily be unselective mining, is 22% and therefore the
annual tonnage of in-situ coal to be won would be about

15 million tons.

UNDERGROUND MINING METHODS

4, Mining the Hat Creek deposit by underground methods
could only be done after an assessment of the following
hazards: -

(i) Gas emission; ventilation of the areas being
mined would vary depending on the mining method.
Methane drainage might be necessary and might
even be profitable if the methane were supplied
to the power station.

(ii) Spontaneous combustion; liability of the coal
to spontaneous combustion would restrict the
mining methods that could be used.

{(iii) Strata control in conditions of weak rock,
particularly slaking mudstones and groundwater.

3. Various broad methods of mining are examined
further in the light of the above and other factors.
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Traditional Ceoal Mining Methods

6. These comprise longwall and room and plllar systems.

Either system could be considered if the coal were mined in
lifts and the area below filled solid.

7. Gas emission and spontaneous combustion could be
controlled without undue difficulty. Lack of homogeneity

in the coal and rock mixture of the deposit would cause
difficulties. These methods would be very expensive in both
capital and operating costs. It is unlikely that adeguate
production could be maintained.

Other Methods

_—— A v ey oy e ] S s o

8. Neither of these methods would be practicable due
to weak roof and walls.

Cut_and Fill

9. This method could be used with expensive support
systems and close~up filling of extracted areas. This wmethod
would be expensive and could not produce the high annual
cutput needed.

e e e e e

10. This method is more suitable for tabular deposits
ineclined between 259 and 450,

[ =g g — e g g

11, This method is suitable for moderately inclined
seams with strong floor and well-defined roof. The absence
cf these features, together with the slaking effect of mud-
stone, render this method unlikely.

Caving Methods

12, In order to produce the high output required, these
would seem to be the most practicable and economic underground
mining methods. If they were to be used successfully, the
following conditions would require to be met:-

(1) the coal must not be liable to spontaneous
combustion

{(ii) high methane emission must be controlled by
drainage methods

(iii) the coal must break-up in a manner suitable for
caving after blasting. The clay material mixed
with the coal may make caving impracticable,

Ld ookl
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13. Both block caving and sub-level caving have high
initial development costs but high production and productivity
are subsequently possible, given suitable mining conditions.
Control of the roof and sides would be crucial throughout

mining and new methods, involving cable support of large exposed
areas or other similar techniques, would need to be investigated,
Closer control of blasting, mining and caving should be possible
with sub-level caving rather than with block caving, therefore
sub-level caving is considered further.

CONCEPTUAL METHOD

14, The area would be worked with four main shafts and
four ventilation shafts. Levels would be at 300-ft intervals
and coal would be blocked out on levels working downwards.

A suitable block size would be 300-ft high by 300-ft long by
150~-ft wide (625,000 tons). Each block would be split by
sub-levels and coal loaded by front—end loader and shuttle
car or load-haul-dump equipment intco winzes leading to the
level. This would be a typical sub-level caving layout.
Detailed planning of the extraction procedure would enable

24 such blocks to be caved per year. To produce 43,000 tons
per day would require 10 loading areas, requiring 350 men

on a three-shift basis, but if, as expected, difficulty is
experienced in supporting the shafts and roadways, considerably
more labour would be required.

15. The problems of shaft-sinking alone would be
formidable and weak rock material, structural weakness and
water may well require freezing methods. Similarly, the
problems of support of ore packs, main haulage roads, develop-
ment roads, drain pockets, etc could well be insurmountable.
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APPENDIX "D"

BASIC FINANCIAL DATA

Inflation Rate (expressed as percentage) -

Year jatorials

1975 base

1976 10

1977 10

1978 10

1979 10

1980 5 thereafter

Basic estimates are in 1975 dollars, without discounting,
as stated in the Terms of Reference. The above inflation
figures nave been used for inflated cash-flow curves and
any other general statements or comparisons which have
been necessary.

Discount Rate -

evaluations carried out at 15%.

Power Costs -

an incremental energy cost of 10 mills/kWh has been used.
Interest During Construction Calculation -

IDC in year N is half the interest rate x the Nth year
capital cost, plus the interest rate x the accumulated

expenditures, including previous IDC in the preceding
N-1 years. I = 10%.

Corporate Overhead Rate -

A corporate overhead of 5% has been added to the uninflated

direct costs of the project (see Plate 42).
Tax and Debt Equity Ratio -

Assumed that no tax paid by BC Hydro and that financial
structure is 100% debt.

Sales Taxes -

Federal sales tax of 12% not applied on generator or mining

equipment used for power generation. Provincial sales tax
omitted.

The Provincial Royalty -

Assumed to be 75¢ per long ton (equivalent to 67¢ per
short ton).






APPENDIX "E"

LABOUR REQUIREMENTS

MINE LABOUR FORCE

1. The mining labour requirements and associated wage
costs related to the development and coperation of the mine,
but excluding building and construction work, are shown in
Table XVIII. There is gradual build-up in the mine labour
force to some 660 employees by the end of stage 6, each major
section of the mine operation being as follows:-

Mobile mining equipment 500
Fixed installations 130
Infrastructure 32
Total 662
2. - This total requirement increases to 987 during

stage 7 and subsequently to 1,148 at the beginning of stage 8,
all of the projected increase occurring in the mobile mining
equipment section.

3. Although there are upwards of ten labour grades
in most current union contracts, in Table XVIII these have
been simplified into the three main categories given below,
the percentage figures relating to the relative proportions
of each at stage 6.

-

Equipment operators - 53%
. Maintenance personnel - 37%
General mining labour - 10%
4. The wage rates are in line with those pertaining

to current mining contracts in the general area. These would
seem to be slightly lower than those paid in some of the coal
mining operations in the Eastern Kootenays so it is possible
that some upward revision might be necessary, depending on

the particular union contract. In this respect, it must be
emphasised that the type of mining envisaged is closer to

that practised in metal mining so that local mining traditions
could have a greater influence on rates and’ conditions than
coal mining traditionms in other areas.

MANAGERTAL, TECHNICAL AND
ADMINISTRATIVE STAFF

5. The numbers of managerial, technical and administra-
tive staff relating to each stage of the project are shown in
Table XIX.



6. In developing the schedule it has been assumed
that the mine will be operated as a captive mine and that
BCH will provide the corporate planning, marketing, financial
and data processing functions from head office. Again the
salary costs would seem to be in line with those currently
paid at other mines in the general area. It should not be
overlooked, however, that the projected rapid growth in coal
mining in Western Canada will cause demand for senior coal
mining personnel to exceed supply and that severe upward
pressures on coal mining salaries could result.
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Explanatory Note

There are a number of minor diserepancies in the following
tables which are, however, without significance in the con-
text of the conceptual design and the level of confidence
of the estimates.



TABLE I

BASIC PLANNING DATA

Density of in-situ coal -
Swell -
Density of in-situ waste in coal -
Swell =
Density of ROM coal -
Density of superficial deposits -
Swell -

Density of claystone
(assumed wet) -

Swell -
Density of conditioned ash -
Estimated in—-situ waste content -

Estimated waste extraction by
selective mining -

Waste remaining in ROM cozl -
Working days per year -
Hours per shift -
Teams of men -
No of producing shifts per week -

No of maintenance shifts per week -

1.39 short tons/bank yd
25%
1.87 short tons/bank yd
50%
1.29 short tons/bank yd3
1.56 short tons/bank y

15%

1.87 short tons/bank yd3
40%
1.2 short tons/yd® (loose)

22%

15%

7%

350

20
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TABLE Il

OPEN PIT NO. 1 VOLUMES, TONNAGES AND RATIOS

A. Heferred to In situ Coal
pit Pit Floor Superficials Gverlying Waste Total Waste In situ Coal Cumulative Instantaneous
Stage EIB;itIOD Stage Cugglatlve éa EE Cumglatlve Oéage Cumglati a| Stage [Cumulative Strlgg;g%aﬁatlo Str;gg;ggssatlu
108 nyd3 pyad byd3] 10% nya® |10° vyad byd? 109 st| 108 st i
1 2,680 149 19 - - 10 19 2 2 9.5 7.6
2 2,600 25 44 9 9 34 53 23 25 2.1 2.5
3 2,400 13 a7 20 29 33 BB 46 7l 1.2 1.4
4 2,400 46 103 32 61 748 164 B3 154 1.1 1.1
5 2,400 61 164 51 112 112 276 100 254 1.1 1.4
& 2,400 73 237 90 202 163 439 96 350 1.2 2,3
7 2,400 a7 324 156 358 243 682 78 422 1.6 6.4
8 2,400 50 374 117 473 167 B49 30 452 1.9 7.1
9 1,300 - - - - 779 1,628 460 912 1.8 12.7
B. Referred to ROM Coal
Supertficials Overlying and Total Waste ROM Coal
Pit Flaor P Segregated Waste Cumulative Instantanecus
Pit |Elevetion Strippigg Ratio|Stripping Ratle
Stage ft Stage Cumglatige Stage 3 Cumglati e age Cugglntige Siage Cunogat1ve byd? st bydagst
108 byd byd® (108 bya byd 1 byd” pyd” |10° st
1 2,880 149 19 - - 19 19 2 2 9.5 8.2
2 2,600 25 44 11 11 36 55 20 22 2.5 2.7
3 2,400 13 57 24 35 37 o2 s 61 1.5 1.5
4 2,400 46 103 ag 73 B4 176 71 132 1.3 1.2
5 2,400 61 164 59 132 120 256 &5 217 1.4 1.5
6 2,400 73 237 a7 229 170 466 82 299 1.6 2.4
7 2,400 BT 324 162 3ol 249 715 61 360 2,0 6.9
8 2,400 50 374 120 511 170 835 25 a&5 2.3 7.7
9 1, 500 - - - - B16 1,701 380 T75 2.2 13.7
Note: 1. Specific gravities used:
Waste 1.87 st/byd>
In situ coal 1.38 st/byd
ROM coal 1,29 si/bydd

. Strippiog ratic defined as wAste production (bydg} : conl production (short tons)
Cumulative stripping ratio based on teotal plt volumes to end of stage

Instantaneous stripping ratio based on the volumes mined in the last increment, at the end of the stage

[T 7 ]

Segregated waste assumed to be 15% out of the 22% wasie in the in situo ceal.



TABLE IITI

PRODUCTION SCHEDULE - YEARLY AND CUMULATIVE

Stage 1 Stage 2 Stage 3 Stage 4 Stage 3
Item Unit
1979-80 | 1980-81 | 1981-82 | 1982-83 | 1983-84 | 1984-85 | 1985-86 | 1986~87 | 1987-88 1988-89 | 1989-90 | 1990~91 | 1991-62 | 1992-93 | 1993~-94 | 1984-65 | 1985-66 | 1996-97 | 1997-08 | 19968-99 | 1999-2000

Power station requirements
{6,000 Btu/1b coal) 108 tons - - - 1 4 7 12 12 12 12 12 12 12 12 12 12 12 12 12 12 12
In situ coal production 108 tons

Yearly 0.1 Q.2 Q.5 0.5 5.1 8.6 16 15 18 15 15 16 15 16 15 15 18 15 16 15 15

Cumulative 0.1 0.3 0.8 1.3 6.4 15 31 46 62 77 a2 108 123 139 154 169 185 200 218 231 246
ROM coal production 108 tons

Yearly 0.1 0.2 0.4 0.4 4.3 7.6 13 13 13 13 13 14 13 13 13 13 13 13 13 13 13

Cumulative 0.1 0.3 0.7 1.1 5.4 13 26 39 53 65 78 92 105 118 131 144 157 170 183 196 209
Segregated waste 108 tons

Yearly - - 0.1 0.1 0.8 1 3 2 3 2 2 2 2 3 2 2 3 b 3 2 2

Cumulative - - - 0.2 1 2 5 ki 10 12 14 16 18 21 23 235 28 30 33 35 37
Superficials 106 yq3

Yearly 6 6 6 8 6 6 7 8 4 3 B 7 7 10 11 ] 8 1o 10 10 10

Cumulative 6 12 18 24 30 36 43 51 55 60 68 75 B2 92 103 112 120 130 140 150 160
Pit waste 108 ya3

Yearly - - - - 3 3 5 7 7 7 7 i 7 (-] 6 8 7 7 8 9 9

Cumulative - - - - 3 6 11 18 25 32 39 46 53 59 65 71 78 858 93 102 111
Total waste
(exeluding segregated) 106 yd3

Yearly 6 6 6 [:] 9 9 12 15 11 12 15 14 14 16 17 15 15 17 18 19 19

Cumulative -] 12 18 24 33 42 94 69 BO 82 107 121 136 151 168 183 198 215 233 2582 271
Yearly stripping ratio ;
(in situ coal basis) 60 3¢ 12 12 1.8 1 0.8 1 0.7 0.8 1 0.9 0.9 1 1.1 1 0.9 1.1 1.1 1.3 1.3
Instantaneous stripping ratio
(in situ coal basis) - - - 7.6 6.5 5 2.4 2 1.7 1.3 1.2 1.1 1.1 1.1 1.1 1.1 1.2 1.2 1.3 1.2 1.4
Pit waste plus segregated waste 106 tons

Yearly - - 0.1 0.1 6.4 7 12.4 15 16 15 15 15 15 13 13 13 16 15 18 19 18

Cumulative - - 0.1 0.2 6.6 13.6 26 41 57 72 87 102 117 130 143 138 172 187 205 224 243
Yearly stripping ratio
(ROM coal basis) 60 30 15 15 2.1 1.2 1.1 1.2 1 1 1.2 1.1 1.1 1.4 1.4 1.2 1.3 1.4 1.8 1.5 1.5
Instantaneous stripping ratio
(ROM coal basgis) - - - 9.5 7.7 5.7 3 2.3 2.1 1.5 1.4 1.3 1.3 1.3 1.3 1.3 1.5 1.5 1.8 1.5 1.5

/cont inued




TABLE 111

{continued)
Stage 6 Stage 7 Stage 8 Stage 9
Item Unit
2000~-01 | 2001-02 | 2002-03 | 2003-04 | 2004-05 |2005-08 | 2006-07 | 2007-08 |2008-09 |2009~10 |2010-11 | 2011-12 2012-13 | 2013~14 |2014-15 | 201516 | 2018~17 | 2017-18 | 2018-19 | 2019-20

Power station requirements 108 tons
(6,000 Btu/lb coal) 12 12 12 12 12 12 12 12 12 12 12 12 12 12 12 12 12 12 8 S=l=d%
In situ ceal production 108 tons

Yearly 16 15 16 15 15 16 15 16 15 16 15 15 16 15 15 16 15 18 11 5

Cumulative 262 277 293 308 323 339 354 370 385 401 416 431 447 462 477 493 508 524 535 540
ROM coal production 106 tons

Yearly 14 13 13 13 13 13 13 13 13 14 13 13 13 13 13 13 13 14 9 4

Cumulative 223 236 - 249 262 275 288 301 314 327 341 354 367 380 393 406 419 432 446 455 459
Segregated waste 108 tons

Yearly 2 2 3 2 2 3 2 3 2 2 2 2 3 2 2 3 2 2 2 1

Cunulative 39 41 44 46 48 51 53 58 58 60 62 64 67 69 71 74 -] 78 80 81
Superficials 108 ya3

Yearly 10 13 11 12 12 12 12 18 18 18 19 23 27

Cumulative 170 183 194 206 218 230 242 261 279 297 316 339 366
Pit waste 106 ya3

Yearly 11 11 15 15 15 15 22 32 33 33 39 42 60

Cumulative 122 133 148 183 178 193 215 247 280 313 352 394 454
Total waste 108 yd3
(excluding segregated)

Yearly 21 24 26 27 27 27 34 51 51 53 56 65 87

Cumulative 292 al6 342 369 386 423 457 508 559 612 668 733 820
Yearly stripping ratic
(in situ coal basis) 1.3 1.6 1.6 1.8 1.8 1.7 2.3 3.2 3.7 3.8 4.5 4.9 5.1
Instantaneous stripping ratie
(in situ coal basis) 1.4 1.5 1.8 1.8 1.9 2.0 2.3 3.7 4.4 5.3 6.1 6.7 7.0
Pit waste plus segregated waste 108 tons

Yearly 23 23 30 30 30 31 43 63 64 64 75 81 115

Cumulative 266 289 319 349 are 410 453 516 580 644 719 800 915
Yearly stripping ratilo
(ROM coal basis) 1.6 1.9 2.1 2.2 2.2 2.2 2.7 4.1 4 3.9 4.4 5.2 6.8
Instantaneous stripping ratio
{ROM coal basis) - 1.8 1.8 2.0 2.1 2.1 2.5 2.7 4.6 5.1 8.1 7 7.5 7.7

* 1 million tons stock consumed
Notes:

1. No 1 generator starts July 1983, closes March 2018

2, No 2 generator starts July 1984, closes July 2019

3. No 3 generator starta April 1985, closes March 2020

4. Reserveas of 2,400 £t pit depleted during year 2013-14
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MOBILE NINING EQUIPMENT REQUIREMENTS
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SCHEDVYLE OF MOBILE MINING EQUIPMENT -

TARBLE V

INITIAL AND REPLACEMENT COSTS

($10%)
f
Stage 1 Stage 2 Stage 3 Stage 4 Stage 4 Stage & Stage 7 Stage 8
Total
Item 1977-1983(1683-1945 | 19551985 | 1968-1954 | 1954-2000 | 20002006 | 2006- 2011|2011 2013 | gmver of | Toral
No| Cosl |¥o| Cost |No| Cast |Ho| Cost |No! Unst Nol Cost [No| Cost |No Cost
Coal
DIrills and conpressors 2 200 3 Q0| 8 BQO 15[ 1,500 (15| 1,500115| 1,500 |12 1,2005 13 S0 e 7,500
Shovela 1] 1,390 - - 1] 1,390 1] 1,380 2| 2,7R0| 1| 1,300 2; 2,780 - - a 11,120
Trucks 2y 1,044Q| 4| 2,084 (10| 5,200 (20|10,400 |24 [12,480 24|12,4R0|26]13,3520]|11 A, 720 121 §2,B20
Bulldozers 2 460 | 1 230 : 2 360 | 3 620 | 3 6eg| 3 G| 4 207 2 480 20 4, 600
Wheeldozers 2 3201 1 160 1 2 320} 3 480 "' 3 430 3 480 2 320! L 160 17 2,720
Water tankers 1 210 1 210 ‘ 1 2101 1 210; 2 4207 1 210 1 210 1 210 a 1, Ba
Oiesel tankers 1 o 1 301 30 | 1 30| 2 :10] lé Jop L 3ol 1 30 a 270
Maintenance wvehicles 1 ao| 1 3ol 1 0] 1 ol 2 a0 1 e 1 o 1 30 a 270
Graders 2 340| 1 170 2 340 3 51| 3 510 3 510 ‘ 2 340 1 170 17 2,890
Pick-up trucks - 1 ton 2 2G| 2 20| 2 20| 2 20| 4 401 1 14 3 ac| 1 10 17 170
Explosives trucks 1 44 1 401 1 40 1 4a( 1 401 1 4a| 3 120 1 40 10 400
Sunp pumps 2 gal - - 2 g0 2 60| 3 240 & 1EQ| 2 6al - - 22 €60
Sub-total 4,140 3,270; 4,900 15.360 19,300 17,450 19, 360 ?,33(}. $3,410
greg ' f I !

Segregated Waste |
Shovels - - 1} 1,390 - - 1l 1,390) - - 1. 1,390( - - . 3 4,170
Trucks - - 1 520 2| 1L,040f 2§ 1,560 3| 1,560 | 4 2, 080( 4 2 080 2 1,040 19 9, 860
Sub-total - 1,910 1,040 2, 450 1, 560 3,470 2,060 1,040 14,050
Pit ¥Wapste
Drills and compressors - - 1 1| 4 40| B 600 | 9 900 116| 1,800|34| 3,400 |22 2,200 92 9, 200
Shovels - - 111,390 11 1,380 | 1| £.390| 1| 1,390] 3| 4,170| 4| 4,340 & 8,340 19 26 410
Trucks - - 2| 1,040 [10] 5,200 |18 9.360 {23 |11, 560 |38[18, 760 (41|47,380 |67 | 34,840 249 129, 480
Bulldozers - - 1 2307 2 460, 3 690 3 690 | 5; 1,150(10| 2,300| 6 1,380 30 6, 900
¥heeldozers - - 1 16017 2 20 3 480 | 3 4RO | 3 480 2, 320 1 150‘ 15 2, 400
Water tankers - - 1 210 1 210( 1 210 2 420 2 420 3 840| 2 420 13 2,739
Diesel tankers - - 1 301 el 1 301 2 60| 3 90 8 2401 3 aD 15 A70
Maintenance vehlicles - - 1 3011 3a] 1 3a 2l BO| t 30° 4 120 8 240 18 540
Graders - - 2 140 | 4 580 | 6| r,0z0| & 1,020) 8| 1,53013| 2.210( 6| 1,020 16 7,820
Pick-up trucka - 1 ton - - 2 201 2 20} 2 20| 2 201 4 0] 7 7ol T 7 26 260
Explosives trucks - - 1 40| 1 40 1’ a0 | 2 RG | 2 s | 3 lze | 2 a0 12 4B0
Sub-total - 3, 590 B, 780 13,870 17,080 25,350 65, 280 48, B40 186,780

T
Superficials i
Scrapers 12 4,440 6| 2,320 |10 3,700 (24| 8,880 |30|11,100 (34 [13,720 |a8| 17,760 (31 | 11,470 107 72,840
Pushers/ bulldezers 6 1,3380( 3 630 | 4| 1.380| 8| 2,070 | 8! 2,070 (12 2,760 (10| 2,300( & 1,380 61 14,030
¥ater tankers 1 2le| 1 2101 210 1 210 2I 420 | 1 210! 3 630 1 21a 11 2,310
Diesel tankers 1 ac| 1 o1 0|1l ac| 2 60 1 3o 3 90| 2 [<1e] 12 360
Maintepance vehicles i 30| 1 ang 1 Jop 1 30t = 5311 30 2 80| 3 a0 13 390
Graders -4 340} 1 TG 2 240 | 3 510 | 5 B50 ‘ 61,020 ¥ 1,190 | 4 GEBD ks 5,100
Compactors 2 320 1 160 2 320 3 480 i 3 480 | 3 480 3 q400 [ 2 4RO 22 3,520
Sub-total 6,750 3,510 5,010 12,210 15,070 17,850 22,830 14,370 98, 600
Total 10, B90 12,280 24,730 44,3490 53,010 68, 220 109,750 T1,580 394, B5D
10% Initial spares 644 726 6562 166 2564 828 2,875 2,856
Depreciation-stage, ¥ ¢, 840 9,470 20, 400 44,690 32,750 BE, 940 100, 950 640, 280 367,320
Average Depreciation, $/short ton - 0,79 0.52 0.57 C.GE 0.87 1.53 2.3z Q.97
Average Depreciation, £/106 Btu - 7 2 | 3 6 & 14 21 9
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TABLE VI

SCHEDULE OF TYPICAL EQUIPMENT

T
[

Category Type Marufacturer |Model; Capacity

Shovel Electiric Bucyrus Eyrie 195 15 yd3

Drills Compressed AirjGardrer Denver|3100A{4-in holes
Compressors Diesel Gardner Denver|SP600| 600 fts/min
Off-highway trucks|Diesel Wabco 150 Ci117 tons coal
Bulldozers Diesel Caterpillar Dg9H -
Wheeldozers Diesel Caterpillar 824 -
Graders Diesel Caterpillar 16G -
Scrapers Diesel Caterpillar 666 |41 bank yd3
Compactors Diesel Caterpillar 825 -
- Water tanker Diesel Caterpillar 631 | 10.000 US gals

Note:

The manufacturer's name and the model numbers have been given

to enable production details and costs to be specified
They are not intended to indicate any preference.

concisely.
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TABLE VII

MOBILE MINING EQUIPMENT - COST ALLOCATION

. % Total . % Total
Activity Cost Machine Type Cost
Superficials 25 Shovels 11
Pit waste 47 Trucks 51
Coal extraction 24 Scrapers 19
Segregated waste 4 Drills and compressors 4
Bulldozers 6
Graders 4
Others >
100 100
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ELECTRIC POWER - CONSUMPTION AND COSTS

TABLE VIXI

1979-80 1980-81 1981-82 1882-83 1983=-84 1984-85 1985-86 1986-87
Ultimate
Iten Pit “
e e B W e B T S B O - I O 8 B 0 < L - B L -
Demand Demand Demand Demand Demand Demand Demand Demand

Mobil inge Equipment
Shavels 11,300 3,500 0.78 5.0 3,500 0.78 35.0 1,500 0.78 3s.0 3,500 0.78 35.00| 3,500 0.78 3s5.00| 3,500 0.78 35.00 7,000 1.56 70.00 7,000 1.56 70.00
Pumps 1,792 2,240 0.258 22.4 2,240 0.25 22.4 2,240 0.25 22.4 2,240 0.25 22.40 2,240 0.25 22.40 2,240 0.25 22.40 4,480 0. 50 44 . 80 4,480 0. 50 44.80
Pit and megregated waste:

Shovels 700 - - - - - - - - - - - - 7,000 1.56 70.00 | 7,000 1.56 70.00 7,000 1.56 70.00| 10,500 2.00 105.00
Sub-totals 13,782 5,740 1.03 57.4 5,740 l.08 57.4 5,740 1.03 57.4 5,740 1.03 57.40( 12,740 2.59 127.40 | 12,740 2.59 127.40 18,480 3.62 184.80| 21,980 4.08 219.80
Fixed Ingtallatisna
In pit convevors 4,830 - - - - - - - - - - - - 2,180 2.15 21.80| 4,025 3.90 40.25 19, 500 5.38 193.00{ 18,500 5.38 195.00
Crusher fasder atations 1,347 - - - - ~ - - - - - - - 5,450 0.36 54,50 | 10,900 1.12 108.00| 186,550 1.68 165.50| 186,550 1.68 185. 50
8tockpile conveyora, crushers, atc. 4,379 - - - - - - 4,530 1.28 45.8 4,550 1.26 45.50| 11,780 3.28 117.90 | 11,790 3.26 117.80 17,700 5.00 177.00 17,700 8.00 177.0Q
Boom stacker 696 - - - - - - 938 0.28 8.35 935 0.28 $.35| 1,870 0.52 i8.70| 1,870 0,52 18.70 2,800 0.72 28,00 2,800 0.72 28.00
Bucket wheel reecleimer 1,100 - - - - - - - - - - - - 2,220 0.61 22.20 | 2,220 0.61 22.20 4,440 1.22 44.40 4,440 1.22 44 .40
Waste and ash digposal:

Waste o dump conveyors 3,409 - - - - - - - - - 5, 700 1.82 57.00| 5,700 1.62 537.00 | 13,750 3.82 | 137.50| 13,750 3.82 137.50| 13,750 3.82 137.5%0

Ash conveyor 290 - - - - - - - - - - - - 362 0.40 3.82 362 0.40 3.62 362 0.40 3.62 31862 0.40 3.62

Boom stackers 1,400 - - - - - - - - - 2,820 0.78 28.20| 2,820 0.78 28.20 | 5,640 1.56 56, 40 5,640 1.56 58.40 5,640 1.56 56.40
Miscellaneous:

Lighting 100 402 0.10 4.02 402 0.10 4,02 02 0.10 4.02 102 0.10 4.02 402 0.10 4.02 402 .10 4.02 402 0.10 4.02 402 0.10 4.02

Communications 5 20 0.01 0.20 20 0.0l 0.20 20 0.01 0.20 20 0.01 0.20 20 0.01 0.20 20 0.01 0.20 20 0,01 0.20 20 0.0l 0.20
Sub-totals 17,356 422 0.11 4.22 422 0.11 4.22 8,007 1.83 58.07 | 14,427 4.03 144.27| 32,814 10.01 328.14 | 50,979 15.30 508.79 81,184 19.89 811.64 81,164 19.89 Bl1.84
Infrastructure
Hat Creek diversion pumps 1,335 4,940 1.48 49.40 | 4,940. 1.48 49.40 | 4,940 1.48 40,40 4,940 1.48 49.40| 4,940 1.48 49.40 4,940 1.48 48.40 4,940 1.48 49.40 4,940 1.48 48.40
Buildings and roads:

Adminigtration 150

Stores and workshops 475 2,720 0.75 27.20 2,720 0.73 27.20 2,720 Q.75 27.20 2,720 0.75 27.20 2,720 0.75 27.20| 2,720 0,75 27.20 2,720 0.75 27.20 2,720 0.75% 27.20

Changing house 50
Services, eto:

Water/mewage 450 1,840 0.50 18.40 1,840 0. 50 18.40 1,840 0. 50 18.40 1,840 0. 50 18.40 1,840 0.50 18.40 1,840 0. 50 18.40 1,840 0. 50 18.40 1,840 0.50 18.40
Sub-totals 2,480 9,500 2.73 95,00 | 9,500 2.73 85.00 | 9,500 2.73 85.00 | 9,500 2,73 85.00] 9,%00 2.73 85.00| 9,500 2.73 95.00 9, 500 2.73 85.00 8, 500 2.73 95.00
Totals 33,608 15,662 3.87 156.62 | 15,662 3.87 156.62 | 21,147 5.39 211.47 | 29,687 7.79 298.87| 55,054 15.33 550.54 | 73,219 20.62 732.19 | 109,144 26.24 1,081.44 | 112,644 26.68 1,126.44
System maximum demand
(Diversity 0.75) 2.80 2.90 4.05 5.85 11, 50 15.50 19.70 20.00
Energy consumption, kWh/short tou 156.00 78.50 52.70 74.50 12.80 9.680 8.30 8.70
Energy cost, $/short ton 1.56 0.78 0.83 0.7 .13 0.09 0.08 0.08
Energy cost, £/108 Btu 14 7 5 7 1 1 1 1
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TABLE VIII

{continned)
1987-88 1988-89 1988-90 1980-91 1991-92 1992-93 1863-94 1994-95
Item uVA uVA MVA MVA HVA uvA VA uVA
¥Wh wax | To8% Wh uax | SoF% ot uax | Tosts wwn Max Costs ¥ uax | Gost. uwh Max Gorty wwh uax o5ty 'L Max Gogt,
Demand Demand Demand Demand Demand Demand Demand Demand

Mobile Mipe Equipment

Shovelr 7,000 1.56 70.00 7,000 1. 56 70,00 7,000 1.56 70.00 7,000 1.58 70.00 7,000 1.58 70.00 7,000 1.56 70.00 7,000 1.58 70.00 7,000 1.56 70.00
Pumps 4,480 0.50 44.80 4,480 Q.50 44,80 4,480 0.50 44.80 4,480 0.50 44 .80 4,480 0. 50 44 .80 4,480 Q.50 $4.80 4,480 0. 50 44,80 8,980 1.00 89,60
Pit and segregated waste:

Shovels 10, 500 2.00 105.00 10, 500 2.00 105.00 10, 500 2.00 105.00 10, 500 2.00 105.00 10, 200 2.00 105.00 160,500 2.00 105.00 10, 500 2,00 105.00 10, 500 2.00 105,00
Sub-totals 21,980 4.06 218.80( 21,880 1.08 219.80| 21,980 4.08 219.80| 21,980 4,08 219.80| 21.980 4.08 218.80 | 21,980 1.08 219.80| 21,980 4.08 219,80 | 28,460 4.56 264,60
Fixed Installations
in pit conveyors 18, 500 5.38 195.00 19, 500 5.3 185.00 18, 500 5.38 195.00 19, 500 5.38 195,00 18, 300 5.38 195,00 18, 500 5.38 195,00 19, 500 5.38 195.00 18, 500 5.38 195.00
Crusher feeder statione 18, 550 1.68 185,50 16,550 1.68 165.50 18,550 1.68 165,50 16, 550 1.68 185, 50 18, 550 1.68 165. 350 16,550 1.88 185. 50 16,530 1.68 165,50 18,550 1.68 185. 50
8tockpile conveyors, crushers, etc. 17,700 5.00 177,00 17,700 5.00 177.00 17, 700 5.00 177.00 17, 700 5.00 177.00 17,700 S5, 00 177,00 17,700 5,00 177.00 17,700 5.00 177.00 17,700 5,00 177.0Q
Boom stacker 2,800 0.72 28.00 2,800 0. 72 28.00 2,800 0.72 28.00 2,800 0.72 28.00 2,800 0. 72 28.00 2,800 0.72 28§.00 2,800 0.72 28,00 2,800 Q.72 28.00
Bucket wheel reclaimer 4,440 1.32 44.40 4,440 1.22 44.40 4,440 1.22 44.40 4,440 1.22 44.40 4,440 1.22 44.40 4,440 1.22 14.40 4,440 1.22 44.40 4,440 1.22 14,40
Wapte and ash disposal:

¥aste to dump conveyors 13,750 3.82 137. 50 13,750 3.82 137,50 13,750 3.82 137. 50 13,750 3.82 137.50 13,750 3.82 137.50 13, 750 3.82 187.50 13,7%0 3.82 137.5%0 13,750 3.82 137. 5C

Ash conveyor 362 C.40 3.62 362 0.40 3.62 J82 0.40 3.62 362 C.40 ) 3.62 362 0.40 3,62 362 0.40 3.62 362 0.40 3.62 382 0.40 3.62

Boom stackers 5,840 1.56 56.40 5,840 1.58 56.40 5,640 1.56 56.40 5,640 1,58 56.40 35,640 1.58 58.40 5,840 1.58 58.40 3,840 1.58 56.40 5,840 1.56 36.40
Miscellaneous:

Lighting 402 0.10 4.02 402 0.10 4.02 402 0.10 4,02 402 0.10 4.02 402 0.10 4.08 402 0.10 4.02 402 0.10 4.02 402 0.10 4.02

Communications 20 0.0l 0.02 20 c.0l 0.20 20 0.01 0.20 20 0.01 0.20 20 0.01 Q.20 20 0.01 0.20 20 0.0l 0.20 20 0.01 0.20
Bub~totals 81,164 18.89 811.64 81,164 19.89 811.84 Bl,184 19.89 811.64 81,184 19.89 811.64 81,164 19.89 811.64 81,164 19.898 811,64 B1,164 19,89 811.864 81,164 19.89 £11.64
Infrastrugture
Hat Creek diversion pumpa 4,940 1.48 48.40 4,940 1.48 48.40 4,940 1.48 48,40 4,840 1.48 49.40 4,940 1.48 49.40 4,940 1.48 46.40 4,040 1.48 49.40 4,840 1.48 49.40
Buildings and roadas:

Adminiatration

Stores and workshops 2,720 Q.75 27.20 2,720 0.75% 27,20 2,720 0.75 27.20 2,720 0,73 27.20 2,720 0.75 27.20 2,720 0.75 27.20 2,720 0.75 2T.20 2,720 0.75 27.20

Changing house
Bervices, ete:

Water/sewage 1,840 0.5¢ 18.40 1,840 0.50 18,40 1,840 0. 50 18,40 1,840 0. 50 18.40 1,840 0.50 18.40 1,840 0. 30 18.40 1,840 0. 50 18.40 1,840 0. 50 18,40
Bub-totals 2, 300 2.73 85.00 9,500 2.73 85.00 9, 500 2.73 95.00 9,500 2,73 95.00 9, 300 2.73 $5.00 8, 500 2.73 $5.00 9,500 2.73 925.00 9, 500 2.73 95.00
Totals 112,844 26.88 1,126.44 ( 112,644 26.68 1,126.44 | 112,644 26.88 1,126.44 112,644 26.68 1,126.44{ 112,644 26.68 1,126.44 | 112, 844 -|28.88 1,138.44 | 112 844 268.88 1,126.44 117,124 27.1B 1,171.24
System maximum demand
(diversity 0.75) 290.00 20. 00 20. 00 20.00 20.00 20.00 20,00 20. 40
Energy consumption, kWh/short ton B.70 8.70 8,70 8 8.70 8.70 B.70 9
Energy cost, $/short ton 0.09 0.08 0.08 0.08 .09 0.08 0.00 0.09
Bnergy cost, £/108 Bty 1 1 1 1 1 1 1 1
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TABLE VIII

{continued)
1995-96 1996-97 1997-98 1998-99 1899-2000 2000~01 2001-02 2002-03
Ttom MVA MVA Mva MVA
VA VA MVA uva
MWh MNax Sost W Max ‘1:35*, W¥h Max Soxty M¥h Max Sty Mh Nax cl’:_!;,“, NWh Max To5ts E¥h Max $o8%s W Max ‘1’85"’
Demand ' Demand Demand Demand Demand Demand Demand Demand
i ine ut n
Shovels 7,000 1.58 70.00 7,000 1.56 70.00 7,000 1.56 70,00 7,000 1.56 70. 00 7,000 1.56 70.00 7,000 1.56 70.00 7,000 1.56 70.00 7,000 1.56 70,00
Pumps 8,960 1.00 89. 60 8,960 1.00 89,60 4,960 1.00 89.60 8,960 1.00 88.80 8,960 1.00 89.60 B,960 1.00 B9.60 8,960 1.00 89.60 8,980 1.00 B9.60
Pit and segregated waste-

Shovels 10, 500 2.00 105.00 | 10,500 2.00 105.00 | 10,%00 2.00 105.00| 10,500 2,00 105.00 | 10,500 2.00 105.00 | 14,000 2.65 140.00 | 14,000 2.65 140.00 | 17,500 3.05 175.00

Sub-totals 26,460 4,56 284.60 | 28,460 4.58 284.80 | 28,480 4.56 264.60) 26,480 4.56 264.60 | 26,480 4.56 264.80 | 29,960 5.21 299.60 | 29,960 5.21 2089.60 | 33,460 5.61 334.80

lation

In pit conveyors 19, 500 5.38 195,00 | 19,500 5.38 185.00 | 18,500 5.38 195.c0{ 1%,500 5.38 195.00 | 19,500 5.38 185.00 | 19,500 §.38 185.00 | 19,500 5.38 195.00 § 19, 500 5.38 195.00
Crusher feeder stations 18,550 1.68 165.50 | 18,550 1.68 165.50| 16,350 1.68 165.50 | 18,550 1.68 165.50 | 16,550 1.68 165,50 | 16,550 1.68 185.50 | 16,550 1.68 165,50 | 18,5%0 1.68 165. 50
8tockpile conveyors, crushers, etc. 17,700 3,00 177.00 | 17,700 5.00 177.00| 17,700 5.00 177.00 | 17,700 5.00 177.00 | 17,700 5.00 177,00 | 17,700 5.00 177.00 | 17,700 5.00 177.00 | 17,700 5.00 171.00
Boom stacker 2,800 0.72 28,00 2,800 0.72 28.00 2,800 0.72 28,00 2,800 0.72 28.00 2,800 0.72 28.00 2,800 0.72 28.00 2, 800 0.72 28,00 2,800 0,72 28,00
Bucket wheel reclaimer 4,440 1.22 44.40 4,440 1.22 44.40 4,440 1.22 44.490 4,440 1.22 44.40 4,440 1.22 44.40 4,440 1.22 44.40 4,440 1.22 44.40 4,440 1.22 44.40
Waste and ash disposal:

¥aste to dump conveyors 13,750 3.82 137.50 | 13,750 3.82 137.50| 13,750 3.82 137.50 | 13,750 3.82 137.50 | 13,750 3.82 137.50 | 13,750 3,82 137.50 | 13,7350 3,82 137.5%0 | 13,750 3.82 137. 50

Ash conveyor 362 0.40 3,62 382 0.40 3.82 aez 0.40 3.682 362 0.40 3.62 362 0.40 3.62 362 0.40 3.62 362 0.40 3.82 382 0.40 3.62

Boom stackers 5,840 1.56 56. 40 5,840 1.58 56.40 5,840 1.%8 56.40 8,640 1.56 56,40 3,840 1.56 56,40 5,640 1.58 56,40 5,840 1.56 58,40 5,640 1.58 56.40
Miscellansous:

Lighting 408 0.10 4,02 402 0.10 4.02 402 0.10 4.02 103 0.10 4.02 402 0.10 4.02 402 0.10 4,02 402 0.10 4.02 402 0.10 4.02

Communications 20 0.0L 0.20 20 0.01 0.20 20 0.01 0.20 20 0.01 0.20 20 0.01 0.20 20 0.01 0.20 20 0.01 0.20 20 0.01 0.20
Bub-totals 81,184 19.89 811.84 | 81,164 19.8¢ Bll.84 | 81,164 19.89 811.64 | 81,164 19.89 Bl1.64 | 81,164 18.89 811.64 | 81,164 19,89 811,684 | 81,164 19.89 811.84 | 81,164 19.89 811.64
Infrastructure
Hat Creek diversion pumps 4,940 1.48 49.40 4,940 1.48 49.40 4,940 1.48 49.40 4,940 1.48 48.40 4,940 1.48 49.40 4,940 1.48 49.40 4,940 1.48 49,40 4,940 1.48 49.40
Buildings and roads:

Administration

Stores and workshops 2,720 0.75 27.20 2,720 0.75 27.20 2,720 0.75 27.20 2,720 0.75 27.20 2,720 0.75 27.20 2,720 0.75 27.20 2,720 0.75 27.20 2,720 0.75 27.20

Changing house
Bervices, ete:

Water/sewage 1,840 0.50 18.40 1,840 0.50 18.40 1,840 0.50 18.40 1,840 0.50 18,40 1,840 0.50 18.40 1,840 0.50 18. 40 1,840 0. 50 18.40 1,840 0.50 18.40
Sub~totals 8, 500 2.73 95.00 2, 500 2.73 95.00 9,500 2.73 95.00 9,500 2.73 95.00 9, 500 2.73 95,00 8, 500 2.73 93.00 9,500 2,73 95.00 9,500 2.73 95.00
Totals 117,124 27.18 |1,171.24 | 117,124 27.18 (1,171.24 ] 117,124 27.18 |1,171.24 | 117,124 27.18 [1,171.24 | 117,124 27.18 | 1,171.24 [ 120,624 27,83 |1,206.24 | 120,624 27.83 | 1,206.24 | 124,124 28.23 | 1,241.24
System maximum demand
{diversity 0.75) 20.40 20.40 20.40 20.40 20.40 20.80 20.80 21.20
Energy consumption, kWh/short ton -] ] 9 8 9 8.50 9.20 9.50
Energy cost, $/short ton 0.09 0.08 0.09 0.09 .09 .09 0.09 0.10
Energy cost, £/108 Btu 1 1 1 1 1 1 L 1
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TABLE VIII

{continued)
2003 -04 2004-05 2005-06 2008~07 2007-08 2008-09 2008-10 2010-11
Ttem NVA NVA HVA NVA MVA
MVA MVA uva Conmt ot
M¥h Max ‘l’ggt, M¥h Mnx Sosts ¥Wh Max ‘1:3-?*‘, uwn Max S8t uwh Nax S8 u¥h Max ‘ig!"s ¥h Nax A WYk ax o5t
Demand Demand Demand Demand Demand Demand Demand Demand
uipmen

Shovels 7,000 1.58 T70.00 7,000 1.56 70.00 7,000 1.56 T0.00 7,000 1.58 T0.00 7,000 1.56 70.00 10, 500 2.00 105%. 0D 10, 500 2.00 105,00 10, 500 2.00 105. 00
Pumps 8,960 1.00 89.80 8,980 1.00 89.80 8,960 1.00 89.60 8,960 1.00 89.60 8,960 1.00 89.60 8,960 1.00 89.60 8,960 1.00 88.60 B,980 1.00 89.80
Pit and segregated wagte:

Shovels 17,500 3.08 175.00{ 17,500 A.08 175.0c| 17,500 3.05 175.00| 21,000 3.46 210.00 | 28,000 4.25 280.00 | 28,000 4.25 280.00 | 28,000 4.25 280.00 | 31,500 4,60 315.00
Sub-totals 33,460 5.61 334.80 33,460 5.61 334.680 33,460 5.61 334.60 38,9680 8.02 369.60 43,960 6.81 439.80 47,460 7.25 474,60 47,480 7.25 474.60 50,980 7.80 509,60
Fixed Installations
In pit conveyors 19, 500 5.38 195.00 19, 500 5.38 195.00 19, 500 5.38 195.00 12, 500 5.38 195,00 19, 300 5.38 185.00 19, 500 5.38 195.00 19, 500 3.38 195,00 19, 500 5.38 1858.00
Crusher feeder stations 18, 550 1.68 185.50| 16,550 1.68 165.50| 16,550 1.88 165.50) 18,580 1.68 165.50 | 16,550 1.68 165.50 | 16,550 1.68 165.50 | 18,550 1.68 165.50 | 16,550 1.88 165,50
Stockpile conveyors, crushers, etc. 17,700 5.00 177.00 17,700 5.00 177.00 17,700 .00 177.00 17, 700 5.00 177.00 17,700 5.00 177,00 17,700 5.00 177.00 17,700 5,00 177.00 17,700 5.00 177.00
Boom stacker 2,800 0.72 28.00 2,800 0.72 28.00 2,300 0.72 28.00 2,800 0.72 28.00 2,800 0.72 28.00 2,800 0.72 28.00 2,800 0.72 28.00 2,800 0.72 2R”.00
Bucket wheel reclaimer 4,440 1.22 44 .40 4,440 1.22 44.40 4,440 1.22 44.40 4,440 1.22 44.40 4,440 1.22 44.40 4,440 1.22 44 .40 4,440 1.22 44 .40 4,440 1.22 44 .40
Waste and ssh disposal:

Waste to dump conveyors 13,750 3,82 137.50) 13,750 .82 137.50| 13,7%0 3.82 137.50| 13,750 3.82 137.50 ] 13,750 3.82 137.50| 13,7%0C 3.82 137.50 | 12,750 3.82 137,50 | 13,750 3.82 137.5%0

Ash conveyors 362 0.40 3.62 362 0.40 3.82 362 0.40 3.62 362 0.40 3,62 362 0.40 3.462 362 0.40 3.62 362 0.40 3.862 362 0.40 2.62

Boom stackers 5,840 1.56 56.40 5,640 1.56 58.40 5,640 1.56 56.40 5,640 1.56 56.40 5,840 1.56 56.40 5,640 1.56 56.40 5,640 1.58 56.40 5,640 1.56 56.40
Miscellansous:

Lighting 402 0.10 4.02 402 0.10 4,02 402 0.10 4.02 402 0.10 4.02 402 0. 10 4.02 402 0.10 4.02 402 0.10 4.02 402 0.10 4.02

Communications - 20 0.01 0.20 20 0.01 0. 20 20 0.01 0.20 20 0.01 0.20 20 0.01 0.20 20 0.01 0.20 20 0.01 0.20 20 0.0l 0.20
Sub-totale 81,164 19.89 811.64 Bl,184 19.89 811.64 | B1,164 19,89 Bl11.64| B1,184 19.89 811.64 { B1,164 19.89 811.84 | B1,164 19.89 811.84 | 81,164 18.89 811.84 | 81,184 19,89 811.64
Infrastructure
Hat Creek diveraion pumpm 4,940 1.48 49.40 4,940 1.48 49.40 4,840 1.48 49.40 4,940 1.48 49.40 4,940 1.48 49.40 4,940 1.48 49.40 4,940 1.48 49.40 4,940 1.48 49.40
Buildings and roada:

Administration

Stores and workshops 2,720 0.75 27.20 2,720 0. 75 27.20 2,720 0.75 27.20 2,720 0.75 27.20 2,720 0.75 27.20 2,720 0.75 27.20 2,720 0.75% 27.20 2,720 0.75 27.20

Changing house
Services, etc:

Water/sewage 1,840 G.50 18.40 1,840 0.50 18.40 1,840 0.50 18.40 1,840 0.50 18.40 1,840 Q.50 18.40 1,840 0. 50 18. 40 1,840 0.50 18.40 1,840 0.50 18.40
Sub-totals 9, 500 2,73 85.00 2, 500 2.73 95.00 8,500 2.73 95,00 9,500 2.73 95.00 9,500 2.73 895.00 9,500 2.73 95.00 9,500 2.73 $5.00 2, 500 2,73 93.00
Totals 124,124 28,23 1,241.24 | 124,124 28.23 1,241.24 1 124,124 28.23 1,241.24 | 127,624 2B.64 1,276.24 134,624 29.43 1,346.24 | 128,124 29.87 1,381.24 | 138,124 29.87 1,381.24 | 141,624 30.22 1,418.24
System maximum demand
(diversity 0.75) 21.20 21.20 21.20 21.50 22.0% 22.40 22.40 22.70
Energy consumption, kWh/short ton .50 .50 4.50 9.80 1p.30 10.60 9.90 10.80
Energy cost, $/short ton 0.10 0.10 0.10 o.10 0.10 0.11 0.10 0.11
Energy cost, £/108 Bty 1 1 1 1 ! ! ! t

/continued

8




LA

. Y .

i

TABLE VIII
{(continued)
2011-12 2012-13
Item
MVA MVA
MWh Max ogts MWh Max o5ty
Demand Demand
Mcbile Mine Equipment
Shovels 10, 500 2.00 105.00 10, 500 2.00 105.00
Pumps 8,960 1.00 89.60 8,860 1.00 89.60
Pit and segregated waste:

Shovels 35,000 5.00 350.00 | 49,000 6.35 420.00
Sub-totals 54,460 8.00 544 .60 68, 460 9.55 684.60
Fixed Installations
Im pit conveyors 19, 500 5.38 185.00 19, 500 5.38 195.00
Crusher feeder stations 16, 550 1.68 165.50 16,330 1.68 165.30
Stockpile conveyors, crushers, etc. 17,700 5.00 177.00 17,700 5.00 177.00
Boom stacker 2,800 0.72 28.00 2,800 0.72 28.00
Bucket wheel reclaimer 4,440 1.22 44 .40 4,440 1.22 44 .40
Waste and ash disposal:

¥aste to dump conveyors 13, 750 3.82 137.50 13, 750 3.82 137.50

Ash conveyors 362 0.40 3.62 362 C.40 3.62

Boonm stackers 5,640 1.56 56.40 5, 640 1.56 56.40
Miscellaneous:

Lighting 402 0.10 4,02 402 0.10 4.02

Communications 20 0.01 0. 20 20 0.01 0.20
Sub~totals 81,164 19.89 811.64 81,164 19.89 811.64
Infragtructure
Hat Creek diversion pumps 4,940 1.48 49,40 4,940 1.48 49.40
Buildings and roads:

Administration

Stores and workshops 2,720 0.795 27.20 2,720 0.75 27.20

Changing house
Services, ete:

Water/sewage 1,840 0.50 18.40 1,840 0.50 i8.40
Sub-totals 9,500 2.73 95.00 9,500 2.73 98.00
Totals 145,124 30.62 1,451.24 | 159,124 32,17 1,591.24
System maximum demand
{diversity 0.75) 23.00 24.10
Energy consumption, k¥h/Ahort ton 11,20 12.20
Energy cost, $/short ton .11 0.12
Energy cost, £/108 Btu 1 L
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TAELE IX

SUMHMARY OF ELECTRICAL ENERGY CQOSTS
aed

w Stage 1 Stage 2 Stage 3 |Stage 4 |Stage 5 |Stage 6 |Stage 7 [Stape 3

Iten
1979-80 | 1980-81 | 1831~82 [1982-B3| Total | 1983~B4 [1984-83 | Total 1985-H8 | 1988-94 | 1894-20 [2000-06 12006-11 [2011-13

Mobile Minc Equipmenl 57.44 57.40 57.40 57.40 |229.60 |127.40 |127.440 254.8Q 6#24.4011,318 .80 1, 387,60 1,937.60|2.266.00(1,229_24

Fixed Installaticns 4.22 : 4.22 55.07 1144.27 (211.78 [3%3.14 |509.79 837.93 |2.434.92 |4, 669 .84 1,869,584 |4.860.84|4,058.20(1.623.28
Icfrastrecture I 85.a0 6500 55.00 93.00 |380.00 85,00 95.a0 190.040 4E3.400 ST0. Oy ITQ.00 A70.00 473.00 190,00
|
1 T
)
Totals 136,62 (136,62 [211.47 |2896.B7 |B21.36 |530.54 (732,19 31,232-73 2,344 .32(6,738.64| 7,027,444 | 7,377 .1416.301.20{3,042._48
i
|
Avarage Cost, S/st ronm - - - - - Q.13 0.8 0.11 .05 0,08 0.08 Q.08 Q.10 0. 12

"

Average Cost, #7108 Dty - - - -~ - 1 1 1 1 1 1
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TABLE X
SCHEDULE OF FLIIPKMEXNT - FLIXED INSTALLATIONS AND CAPITAL. COST
(167§
Ultimaie|lUnit Cost
Tiem Pit including [E977-7H | 1978-79(1979-80(1980~81 |1981-892|1982-83 | 1983-84 | 1954-45
Quantiiy| Erection
Coal Handling
Primary crusher feecder statlion 3 1,400 - - - 140 420 1.400 1,260 930
Main incline conveyors 3 3,270 - - - 6494 1,308 4,905 654 z,289
Interchange statvion 1 2,000 - - - 132 264 1,002 132 470
Conveyuor to crusher stalion 2 873 - - - 87 173 698 175 811
Stockpile cruss conveyor 3 426 42 B4 300 42 £4 342 &4 anh
Siocking conveyor 3 1,200 120 240 B40 120 240 960 240 840
Boom stacker 3 2,260 225 450 1,575 2235 450 1, BOD 450 1,575
Bucket wheel reclaimer 2 3,000 - - - 00 £00 2,400 £00 2,100
Reclaim conveyor 2 1,255 - - - 125 250 1,005 250 380
Convevor stockpile to thermal plaot silos 2 873 - - - BY 174 585 174 &1z
Ground hopper anod conveyor 2 200 - - - 20 40 16¢ 10 14¢
Secondary crushers 3 1,200 120 240 &40 120 240 96D 240 &40
Dozer and compactor 1+3 300 30 i) 210 - - - - -
Sub-total - - 537 1,374 3,785 2,052 4,245 16,331 4,299 11,637
Waste and dAsh Disposal
Interchange conveyor 3 218 21 42 155 21 42 176 42 155
Distribution cebnveyor (a) 1 1,200 120 240 840 - - - - -
Distribution ccoveyor (b) 1 1,200 - - - 120 240 8340 - -
Distribution ceonveyor (c) 1 328 - - - 32 64 232 - -
Boom spreader/tripper 2 3,100 3o §20 2,170 310 G20 2,170 - -
Dunp conveyor 2 2,020 202 404 1,414 202 4104 1,414 - -
Ash conveyor and bunker 1 110 - - - 1 22 77 - -
Dozer 1 140 14 28 g - - - - -
Sub-total - - 65T 1,334 4,677 596 1,302 4, 809 42 155
Miscellaneous
Waste bench flexible cables Per mile 130 - 26 234 - 26 234 - -
Transformers and switchgear 14.5 120.5 - - : 20 180 34.5 31G.5
Overhead line distribution Per mile 120 126 294 - - § - - - -
Fixed high tension cahbles Per yard G.04 T B3 - - 8 72 16 144
Lighting and ancillaries - - 125 - 125 - - 123 - 125
Communicaticns - - - - 70 - - 0 - T0
Cut off drains - - - - S0 - - - - -
Sub-totel - - 272.5 513.5 470 - 54 &B1 50.5 649.5
Total - - 1,476,5]2,.421.5 |&,921 2,748 5,691 21,921 | 4.391.5 12,441.5
Initial spares (LQ%) - - 14760 292,15 &832.1 274.8 369.1| 22,1821 439.15] 1,244¢.15
Total including spares - - 1,624 1,214 9,813 3,023 6,260 24,113 4,831 13,686
Depreciation - - 162 483 1,464 1.766 2,492 4, 003 5,386 H.735
Depreciation, $<short tan - - - - - - - - 125 0.89
Depreciation, £710% Bru - - - - - - - - 10 [ &
1. seguence repeated every len years,
2, Ten-year cosl apportioned over lour vears.
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TABLE XI

MINE WASTE AND POWER STATION ASH DISPOSAL

Fici Overlying and AROM Coal Dry Ash Conditioned Total
Superficials Segregated Waste Production Producticn Ash Waste
Stage 10% bank va?| 108 Lloose ya5|10% bank yd%{10% loose ydd [10% short tons [108 short tons|105 short tons (106 loose yB3 (106 loose yd®
stage jeum. stage |cum stage |cun. stage| cum. stage cum stage cum. stage cum. stage |cum. stage| cum.
1 19 19 22 22 - - - - 2 2 - - - - - - 22 22
2 25 44 29 a1 11 1l 15 15 20 ¥ B [ 7 7 6 6 30 Tz
3 13 57 15 66 24 33 24 49 a8 61 13 19 15 22 13 19 52 134
4 46 103 a3 119 3B 73 33 102 71 132 22 41 26 48 22 41 126 262
S 61 164 %0 1B9 58 132 a3 185 Bh 217 27 68 a2 8o 27 68 180 442
6 T3 237 84 273 97 az9 135 320 B2 289 27 95 3z 112 27 95 246 688
T &7 324 100 a73 162 391 227 547 61 360G 1% 114 22 134 13 113 345(1,033
a 50 74 58 431 120 511 158 T15 25 385 S 122 10 144 -3 121 234|1,267
9 345 7le a7 828 171 982 539 [1,374 aac 77a 126 24B 149 293 124 245 1,1B0{2,447
Notes:
1. Baok volumes from Table TI

2.

Dry ash 32% of coal by weight

approximately 1 fiv/sec)

Loose density of conditioned ash 1.2 short tonsfyd3

Bwell - superficials 15%, overlying and segrepgated waste 40%

Ash conditinoned to 13% moisture {maximum water consumption

Proportions of waste to superficials assumed for Stage 9
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TABLE XII
DUMPING SPACE AVAILABLE AT 100~FT_INTERVALS
(108 ya3)
Dump No 1 |Dump No 2 Dump No 3 Dump No 4 Total
Dump
Elevation
Elev.{Cum. [Elev. |[Cum. |Elev.|Cum.|Elev. |Cum. |Elev. |Cum.
ft
<2,800 17 17 - - - - - - 17 17
2,800-2, 900 7 24 17 17 - - - - 24 41
2,900-3,000| 22 46 47 64 - - - - 69 110
3,000-3,100| 14 60 72 136 - - - - 86 196
3,100-3,200| 45 105 91 227 - - - - 136 332
3,200-3,300| 15 120 114 341 - - 8 8| 137 469
3,300-3,400| 29 149 135 4786 - - 29 37| 193 662
3,400-3, 500| 28 177 151 627 - - 52 89| 231 893
3,500-3,600] 30 207 165 792 11 11 100 1891 306 (1,199
3,600-3,700] 37 244 176 968 21 32 143 332| 377 |1,576
3,700-3,800] 43 287 187 1,155 27 59 197 529| 454 |2,030
3,800-3,900| 49 336 200 1,355 33 92 244 773| 526 |2,556
3,900-4,000| 57 393 216 |1,571 36 |128 307 |1,080| 616 |3,172

J—



TABLE XIII

HAT CREEK DIVERSION COSTS

Description Unit Quantity Rate Amount
8 $
Earth Dam (140,000 yds)
Stripping dam area vds 8,000| 1.50 | 12,000
Main body dam £i11l yas 106,000 | 2.00 |212,000
Filter material yd3 % 22,000 4.00 | 88,000
Impervious zone yd3 ; 14,000 3.00 42,000
!
Engineering and i i
contingencies E i 86,000
{ | i
Sub-total 440,000
| .
Pumping
i Pumps and motors, 9,000
gal/min, VTP, 600 hp,
1,180 rev/min, to
¢t include starters and
| pump columns each 5 ( 50,000 {230,000
Pumphouse ft2 400 40. 00 16,000
Butterfly valves, 18 in
centre-line AA-M,
includes gear operator each 5 1,800; 9,000
Check valves, 18 in
Ateco 618 each 5 3,000 15,000
Pressure relief valves each 2 4,000 5,000
Pump control valves,
10 in Clayton 2061 PA each 5 2,900 14,500
Miscellaneous fittings lump sum - Allow 6,000
Electrical switchgear lump sum - Allow 5,000
Powerline to pumphouse
transmission, circuit
breaker, etc mile 1.3 69,000 90,000
Pump tower lump sum - Allow | 20,000
Miscellaneous lump sum 135,000
Engineering and
contingencies ! 142,000
i i
i |
Sub-total 1710, 000
| —

Jeontinued
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TABLE XIII

{continued)

Description Unit - Quantity Rate Amounté
$ $

Water Pipelines to ?

Drainage Channel :

2 x 2,100 ft of 30 in !

dia. steel pipe allowing

1.5 for water hammer.

Wall thickness 0.250 in 1b 337,000 0.65 | 219,000

Miscellaneous and

additional pipe 135,000

Engineering and

contingencies 89,000

Sub-total 443,000

]

Drainage Channel E

To by-pass main pit yd3 E 15,000 1.50 22,300

Drainage channel lining | yd°: 2,000 5.00| 10,000

Rock protection rip-rap ;

at drainage channel :

outlet yd™ 150 20.00 3,000

Concrete lining at E

channel inlet yd© 20 50. 00 1,000

Miscellaneous 10,000

Engineering and !

contingencies t 11, 500

Sub-total 58,000

Emergency Overflow Weir

Concrete weir and

abutment walls yd 100 | 150.00 15,000

Excavate open channel ydS 2,000 | 2.00| 4,000
| Channel lining yd3 400 5.00 2,000
L i

Jecontinued
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TABLE XIIT

{eontinued}

Description Unit | Quantity Rate Amount
$ $

Rock rip-rap and 3

channel cobbling yd 50 20. 00 1,000

Install 72 in dia. CPM

culvert 1b 30,000 | © 60 18,000 |

Miscellaneous 36,000
|
; Engineering and .
| contingencies | 21,000
| : ; |
|
| Sub-total | 97,000
i
: 1 i ;
iDiversion of Small : i
i Stream Below Dam ! Allow 2,000 |
; : | |
: i :
t Total Cost for Hat Creek Diversion » 1,750,000 -
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TABLE X1V

HAT CREEK SURFACE DRAINAGE COSTS

Description Unit Quantity | Rate | Amount
3 B

Excavate ditches Lin ft 30,000 1.00 { 30,000
Minor drainage, works,
allow lump sum - - 5,000
Clear bushes, trees. grad-
ing, etc lump sum - - 5,000
Engineering and
contingencies 10. 000
Total for Surface Drainage 50, 000
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HAT CRFEK ROAD RF-LOCATION COSTS

TABLE XV

Description Unit Quantity . Rate Amount
$ 3

Stripping of turf and 3
topsoil and dumping vd 18. 000 1 25 22,500
Cut to fill yd3 63.000 1.30 | 81,900
Additioral cut for rock 3
encountered yd 7,000 3.50 24, 500
Cut of ditches yd3 500 2.20 1,100
Base course layer at. say. 3
12-in thickness yd 18.000 4,50 81.000
Culverting layer. 18-irn
diameter, Armco. 12 gauge Lig ft 750 12.00 9. 000
Culvert over Hat Creek lump sum - Allow 3,000
Engineering and
contingencies 97 . 000
Total for Hat Creek Road Re-Location 280,000
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TABLE XVI

SURFACE MINE BUILDINGS AND HOUSING COSTS

Description Ami;nt
Surface Mine Buildings
Administration office 286,000
Change house 236, 000
Maintenance bays, workshops and warehouse
with equipment and tools 3, 805, 000
Core shed 4,000
Powder magazines 20,000
Total Surface Mine Buildings 4,351,000
Single Work Force and Senior Staff Camp
Eleven 40-men bunkhouses 770, 000
Eleven recreational units 172,000
Kitchen-diner 56,000
First aid 5, 000
Company store 20,000
Sewage treatment for both camps
{half of full price) 25,000
All services
(electrical, sewer, gas, water) 51,000
Power generator for both camps
{half of full price} 75,000
Single work force camp 1,174,000
Senior staff camp 427,000
Total Single Work Force and Senior Staff{ Camp 1,601,000
Permanent Housing
Manager's house 75,000
Senior staff nouses 1,495,000
Basic houses 5,859,000
Town houses 1,404,000
Apartments 1,360,000
Total Permanent Housing 1, 194,000




TABLE XVII
COST SCHEDULE OF EQUIPMENT - INFRASTRUCTURE

10’ $)
Stage 1 Stage 2 Stage 3 | Stage 4 | Stage 5 | Stage 6 | Stage 7 | Stage B
s

1977=-78 |1978~-79 | 1979-80 |1980~-81 1981-82 | 1982~83 | Total | 198384 | 1984-83 [ Total | 1985-88 | 1988-94 | 1994-00 | 2000~-06 | 2006~-11 |2011-13
Hat Creek Diversion
Earth dam 440 440 - - - - - 440 - - - - - - - - =
Pumps 710 710 - - - - - 710 - - - - - - = = =
Pipelines 443 443 - - - - - 443 - - - - - - - - -
Drainage channel 58 58 - - - - - 58 - - - - - - - - -
Overflow weir 97 07 - - - - - 97 - - - - - - - - -
Diversion of stream 2 2 - - - - - 2 - - - - - - - - -
Sub-total 1,750 - - - - - 1,750 - - - - - - - - -
Hat Creek Road Relocation 280 280 - - - - - 280 - - - - - - - - -
Bulldings and Roads
Administration block 286 - 286 - - - - 286 - - - - - - - - =
Change house 2386 - 236 - - - - 236 - - - - - - - - -
Shops and warehouse 3,805 - 805 3,000 - - - 3,805 - - - - - - - - -
Core sheds 4 4 4 4 4 4 4 24 4 4 8 20 16 24 24 8 -
Magazines 20 - - 20 - - - 20 30 - 30 - - - - - -
Roads 860 230 240 230 30 30 30 790 70 - 70 - - - - - -
Sub-total 234 1,571 3,254 34 34 34 5,161 104 4 108 20 16 24 24 B8 -
Services
Power and water supply 615 200 315 100 - - - 615 - - - -~ - - - - -
Buses 15 30 - 30 60 30 - 150 B0 30 90 20 270 225 405 130 -
Sewage disposal 50 25 25 - - - - 50 - - - - - - - 285 -
Pick=up trucks 8 30 - 30 - 30 80 150 3o 36 66 108 306 276 240 204 -
Graders 168 168 - 188 168 168 - 672 168 168 336 - 3386 168 336 168 -
Sub-total 453 340 328 228 228 80 1,637 258 234 492 198 912 689 981 787 -
Total 2,717 1,911 3,582 262 262 94 8,828 362 238 600 218 928 693 1,005 795 -
Allowance for initial spares 35 55 70 70 70 70 370 - - - - - - - - -
Total 2,752 1,966 3,652 332 332 164 9,198 362 238 800 218 928 693 1,005 795 -
Allowance for depreciation 293 293 293 293 310 310 1,792 3lo 310 620 830 1,860 1,860 1,860 1,550 620
Average cost, $/shortton - - - - - - - 0.07 0.04 0.05 | 0.02 0.02 0.02 0.02 0.02 0.02
Average cost, £/Btu - - - - - - - negligible
Employee Housing
Trailer camps 1,600 - - - - - - 400 200 200 400 800 - - - - -
Permanent 10,200 - - - - - - - - - - 2,000 4,100 4,100 - 5,100 5,100
Land Development Cost - - - - - - - - - - - - 2,000 - - 2,000




TABLE XVIIX

LABOUR SCHEDULE AND PAYROLL COSTS

(10° $)
Rate Stage 1 Stage 2 Stage 3 Stage 4 Stage 5 Stage 6 |Stage 7 |Stage B8
Hourly with Annual
Category Rate Fringe Rate
Benefit 1978-79% | 1979-80 | 1980-81 |1981-82 |1982-83 | Total | 1983-84 | 1984-85 | Total | 1985-88 1988-94 11994-2000 | 2000-06 | 2006-11 | 2011-13
$ $ $

Mobile Mining Equipment
Equipment operators 6.90 8.30 17,300 398 398 398 398 398 1,990 1,298 1,367 2,665 9,890 20,890 22,420 26,480 62,780 19,690
Maintenance personnel 7.20 8.70 18,100 344 344 344 344 344 1,720 1,086 1,140 2,226 8,320 17,490 18, 840 22,190 | 30,370 16,450
Labourers 6.45 7.80 | 16,200 49 49 49 49 49 245 130 130 260 936 1,991 2,136 2,548 | 3,432 1,840
Overtime - - - 79 79 79 79 79 395 126 132 258 953 2,019 2,170 2,562 3, 506 1,900
Sub-total - - - 870 870 B70 870 870 4,350 2,640 2,769 5,409 { 20,099 42,390 45, 566 53,780 {100,088 39,880
Fixed Installations
Equipment operators 8.90 8.30 | 17,300 104 104 104 104 104 520 225 225 450 | 4,152 8,304 8,304 8,304 6,920 2,768
Maintenance personnel 7.20 8.70 18,100 36 36 36 36 38 180 72 72 144 1,737 1,374 1,374 1,374 2,895 1,158
Labourers 6.45 7.80 16, 200 85 65 65 65 65 325 85 65 130 486 972 972 1,622 1,460 584
Overtime - - - 21 21 21 21 21 105 18 18 36 318 636 636 671 565 226
Sub-total - - - 226 226 226 226 226 1,130 380 380 760 6,693 11,286 11,286 11,971 11,840 4,736
Infrastructure
Equipment operators 6.90 8.30 17,300 69 69 69 69 69 345 69 69 138 417 834 834 834 695 278
Maintenance personnel 7.20 8.70 18,100 36 36 36 36 36 180 36 36 72 216 432 432 432 360 144
Labourers 6.45 7.80 16, 200 162 162 162 162 162 810 162 162 324 972 1,944 1,944 1,944 1,620 648
Overtime - - - 13 13 13 13 13 65 13 13 26 81 162 162 162 135 54
Sub-total - - - 280 280 280 280 280 |1,400 280 280 560 | 1,686 3,372 3,372 3,372 2,810 1,124
Total cost/year or stage - - - 1,376 | 1,376 1,376 1,376 1,376 |6,880 | 3,300 3,429 |6,729 | 28,478 57,048 | 60,224 69,123 |114,738 | 45,740
Production 108 tons - - - - - - - - - 4,3 7.6 12 39 79 78 79 66 26
Average cost, $/short ton - - - - - - - - - 0.77 0.45 0.56 0.73 0.72 0.77 0.87 1.74 1.75
Average cost, #/106 Btu - - - - - - - - 7 4 5 7 7 7 8 16 16
Average annual employees 73 73 73 73 73 73 179 187 184 516 537 562 646 959 1,243

* including part 1977-78




TABLE XIX

MANAGERIAL, TECHNICAL AND ADMINISTRATIVE STAFFY -

NUMBERS AND SALARY COSTS

fani Annual 1978-79 1979-80 1980~-81 1981-82 1982-83 1983-B4* 1984-85 1986-2000%* 2001-2012
Category Ag:u:l p’{;gitdfﬁzt A A A 1 Annual Annual Annual
Salary Fringe Benefits | Number Agg::l Number Agg::l Number gg::l Number Agg::l Number gg::l Number gg:: Number Cost Number Cost Number Cost
$ $ $ $ $ $ $ $ $ ¥ $
Mine Manager 29, 520 36,900 1 36,900 1 36, 900 1 36,900 1 36, 900 1 36,900 1 36, 900 1 36, 900 1 36,900 1 36, 900
Secretary 10,640 13,300 1 13,300 1 13,300 1 13,300 1 13,300 1 13,300 1 13,300 1 13,300 1 13,300 1 13,300
Mining Engineer 24,000 30,000 1 30,000 1 30, 000 1 30,000 2 60,000 2 60,000 2 60,000 2 60,000 2 60,000 2 60,000
Shop Superintendent 24,000 30,000 1 30, 000 1 30,000 1 30,000 1 30,000 1 30,000 1 30,000 1 30,000 1 30,000 1 30,000
Electrical Foreman 21,800 27,000 1 27,000 1 27,000 1 27,000 1 27,000 1 27,000 1 27,000 1 27,000 1 27,000 1 27,000
Mechanical Foreman 21,600 27,000 1 27,000 1 27,000 1 27,000 1 27,000 1 27,000 1 27,000 1 27,000 1 27,000 1 27,000
Pit Foreman 24,000 30,000 2 60, 000 2 60,000 2 60,000 3 90, 000 3 90, 000 3 90, 000 4 120,000 é 180, 000 8 240,000
Stockpile Foreman 24,000 30,000 - - - - 1 30,000 1 30,000 2 60,000 3 90,000 4 120,000 4 120,000 5 150, 000
Dumps Foreman 24,000 30,000 - - - - 1 30,000 1 30,000 1 30,000 1 30,000 1 30,000 1 30,000 1 30,000
Conveyor Foreman 24,000 30,000 - - - - 1 30,000 1 30,000 2 60,000 3 90,000 4 120,000 4 120,000 4 120,000
Shift Bosses 20, 400 25, 500 2 51,000 2 51,000 2 51,000 2 51,000 2 51, 000 6 153,000 ] 204,000 10 255,000 20 510,000
Geologist 21,600 27,000 1 27,000 1 27,000 1 27,000 1 27,000 1 27,000 1 27,000 1 27,000 1 27,000 1 27,000
Geological Assistant 10,640 13,300 1 13,300 1 13,300 1 13,300 1 13,300 2 26,800 2 26,600 2 26,600 2 26,600 2 26,600
Engineering Geologist 17,600 22,000 1 22,000 1 22,000 1 22,000 1 22,000 1 22,000 1 22,000 1 22,000 1 22,000 1 22,000
Geotechnical Assistant 10,640 13,300 1 13,300 1 13,300 1 13,300 1 13,300 2 26,600 2 26,600 2 26,600 2 26,600 2 26,600
Warehouseman 10,640 13,300 1 13,300 1 13,300 1 13,300 1 13,300 1 13,300 1 13,300 1 13,300 1 13,300 1 13,300
Storekeeper 8,240 10,300 2 20,600 2 20,600 2 20,600 2 20,600 3 30, 900 3 30,900 4 41,200 4 41, 200 4 41, 200
Draftsman 14,400 18,000 1 18,000 1 18,000 2 36,000 2 36,000 2 36,000 2 36,000 2 36,000 2 36,000 2 36,000
Clerk 12,000 15,000 1 15,000 1 15,000 2 30,000 2 30,000 3 45,000 3 45,000 4 60, 000 5 75,000 6 90, 000
Surveyor 15,600 19, 500 1 19, 500 1 19, 500 1 19, 500 2 39,000 2 39,000 2 39,000 4 78,000 5 97, 500 6 117,000
Rodman 12,000 15,000 1 15, 000 1 15,000 1 15,000 2 30,000 2 30,000 2 30,000 4 60,000 5 75,000 6 80, 000
Office Manager 20,000 25,000 1 25,000 1 25, 000 1 25,000 1 25,000 1 25,000 1 25,000 1 25,000 1 25,000 1 25,000
Purchasing Agent 20,000 25,000 1 25,000 1 25,000 1 23,000 1 25,000 1 25,000 1 25,000 1 25,000 1 25,000 1 25,000
Accountant 15,360 19,200 1 19,200 1 19,200 1 19,200 1 19,200 1 19,200 1 19,200 2 38,400 3 57,600 4 76, 800
Gateman and Dryman 8,240 10,300 2 20,600 2 20, 600 3 30, 900 3 30, 900 3 30,900 4 41,200 4 41,200 4 41,200 4 41,200
Stenographer/Telephone Operator 8,240 10,300 1 10, 300 1 10, 300 2 20,600 3 30, 900 3 30,900 4 41, 200 4 41,200 4 41,200 4 41,200
Industrial Relations 20,000 25,000 - - - - 1 25,000 1 25,000 1 25,000 1 25,000 1 25,000 1 25,000 1 25,000
Sampler 10,840 13,300 - - - - 1 13,300 1 13,300 1 13,300 1 13,300 1 13,300 1 13,300 1 13,300
Assigtant Sampler 8,240 10,300 - - - - 1 10,300 1 10,300 2 20,600 2 20, 600 2 20, 600 2 20,600 2 20,600
Environmental Engineer 17,600 22,000 - - 1 22,000 1 22,000 1 22,000 1 22,000 1 22,000 1 22,000 1 22,000 1 22,000
Environmental Assistant 10,840 13,300 - - 1 13,300 1 13,300 1 13,300 2 26,600 2 26,600 2 26,600 2 26,600 2 26,600
Safety Engineer 15,360 19, 200 - - - - 1 19, 200 1 19,200 1 19, 200 1 19, 200 1 19, 200 1 19,200 1 19,200
Total 27 552, 300 29 587,600 40 799, 000 45 903, 800 53 1,039,300 61 1,221,900 73 1,476,400 81 1,656,100 98 2,069,800
Average cost, $/short ton - - - - - 0.28 0.19 0.13 0.16
Average cost, #/106 Btu - - - - - 3 2 1 1

* gtart up

*xk

full production

(D




Table XX

MATERIAL AND FUEL COST SUMMARY (1975 PRICES)

(excluding electric power)

103 )
Stage 1 Stage 2 Stage 3| Stage 4 | Stage 5| Stage 6 | Stage 7 | Stage 8
Item

1977-78 | 1978~-79 | 1979-80 | 1980-81 | 1981-82 | 1982-83 | Total 1983-84 | 1984-85 | Total | 1985-88( 1988-94 | 1994~00 | 2000~06 | 2006-11 | 2011-13

Mobile mining equipment - - 1,851 1,869 1,919 1,919 7,558 3,452 4,013 7,465 | 19,481 43,585 50, 143 65,021 93,702 | 55,471
Explosives (by contract) - - 30 30 30 30 120 496 491 987 | 6,258 | 12,732 | 13,392 16,536 | 21,495 | 12,100
Exploratory drilling (by contract) 450 450 450 450 450 450 2,700 450 450 900 | 1,350 2,700 2,700 2,700 2,250 900
Sub-total 450 450 2,331 2,349 2,399 2,399 10,378 4,398 4,954 9,352 | 27,089 59,017 66,235 84,257 117,447 | 68,471
Fixed installations 150 150 301 304 317 317 1,539 660 777 1,437 7,577 16,090 17,751 23,387 32,949 { 19,340
Infrastructure 147 147 147 147 147 147 882 147 263 410 789 1,578 2,378 2,068 1,935 774
Engineering and administration - 20 20 20 20 20 100 33 34 67 120 253 270 317 413 214
Total cost/year or stage 747 767 2,799 2,820 2,883 2,883 | 12,819 5,238 6,028 | 11,266 | 35,575 | 76,938 | 86,634 | 110,029 | 152,744 | 88,799
Production, 108 tons 12 39 79 78 79 66 26

Average cost, $/short ton 0.94 0.91 0.97 1.11 1.39 2,31 3.41
Average cost, £/10% Btu 9 8 9 10 12 21 31




TABLE XXI

DIRE PE 1 ST SUMMARY .
(10” %)
Stage 1 Stage 2 Stage 3 | Stage 4 |Stage 5 |Stage 6 |Stage 7 Stage 8
Item
1977~78 |1978-79 | 1979-80 | 1980-81 | 1981-82 | 1982-83 | Total 1983-84 | 1984-85 | Total [1985-88 | 1988~94 |1994-00 |2000-06 |2006-11 2011-13
Mobile Mining Equipment
Labhour - 870 870 870 870 870 4,350 2,640 2,769 5,409 20,019 42,390 | 45,566 53, 780 73,608 39,880
Materials, fuel and miscellaneous 450 450 2,331 2,349 2,399 2,399 10,378 4,398 4,954 9,352 27,089 59,017 66,235 84,257 (117,447 68,471
Electric power - - 57 58 58 58 231 127 128 255 625 1,320 1,590 1,940 2,270 1,230
Sub-total 450 1,320 3.258 3,277 3,327 3,327 14,959 7,165 7,851 15,016 47,733 | 102,727 {113,391 | 139,977 {193,325 109,581
(cumulative) - - - - - - - - - 29,975 77,708 | 180,435 | 293,826 {433,803 (627,128 736,709
Fixed Installations
Labour - 226 226 226 226 226 1,130 380 380 760 6,693 13,386 13,386 14,208 11,840 4,736
Materials and fuel 150 150 301 304 317 317 1,539 660 777 1,437 7,577 16,090 17,751 23,387 32,949 19,340
Electric power - - 4 4 59 144 211 328 510 838 2,436 4,872 4,872 4,872 4,060 1,624
Sub-total 150 376 531 534 602 687 2,880 1,368 1,667 3,035 16,706 34,348 36,009 42,467 48,849 25,700
(cumulative) - - - - - - - - - 5,915 22,621 56,969 92,978 | 135,445 |184,294 209,994
Infrastructure
Labour - 280 280 280 280 280 1,400 280 280 560 1,686 3,372 3,372 3,372 2,810 1,124
Materials and fuel 147 147 147 147 147 147 882 147 263 410 789 1,578 2,378 2,068 1,935 774
Electric power - - 95 95 95 95 380 95 95 190 285 570 570 570 475 190
Sub-total 147 427 522 522 522 522 2,662 522 638 1,160 2,760 5, 520 6,320 6,010 5,220 2,088
(cumulative) - - - - - - - - - 3,822 6,582 12,102 18,422 24,432 29,652 31,740
Engineering and Administration
Salaries - 552 588 709 2904 1,039 3,882 1,221 1,476 2,697 4,968 9,936 9,936 12, 006 10,350 4,140
Materials - 20 20 20 20 20 100 33 34 67 120 253 270 317 413 214
Electric power - included
in infrastructure - - - - - - -
Sub-total - 572 608 819 924 1,059 3,982 1,254 1, 510 2,764 5,088 10,189 10,206 12,323 10,763 4,354
(cumulative) - - - - - - - - - 6,746 11,834 22,023 32,229 44,552 55,315 59,669
Consultants' fees - 500 500 500 500 500 2,500 250 250 500 750 1, 500 1,500 1, 500 1,250 500
(cumulative) - - - - - - - - - 3,000 3,750 5,250 6,750 8,250 8, 500 10,000
Total cost/year or stage 747 3,195 5,419 5,652 5,875 6,095 26,983 | 10,559 11,916 22,475 73,037 | 154,284 167,426 (202,277 |259,407 142,223
(cumulative) - - - - - - = - - 49,458 {122,495 | 276,779 | 444,205 | 646,482 (905,889 |1,048,112
Production, 108 tons 4.3 7.6 12 39 79 78 79 66 26
Average cost, $/short ton 2.46 1.57 1.87 1.87 1.95 2.15 2.56 3.93 5.47
Average cost, £/10% Btu 22 14 17 17 18 20 23 36 49
Total volume of 3
material removed, 108 byd - - 6 6 6 6 24 13 15 28 72 164 169 219 301 174
Average cost, $/bydd 0.81 0.80 0.80 1.02 0.94 0.99 0.92 0.86 0.82




TABLE

XXII

DEPRECIATION SUMMARY

(103 $)
Stage 1 Stage 2 Stage 3 [Stage 4| Stage 5 |Stage 6 |Stage 7|Stage 8
Item

1977-78| 1978~-79| 1979-80|1980~81|1981-82|1982-83| Total | 1983-84|1984-85| Total |1985-88 |1988-94 {1994-2000 |2000-06 {2006-11 |2011-13
Mobile equipment - - 2,460 | 2,460 | 2,460 | 2,460 | 9,840 | 4,540 | 4,930 | 9,470(20,400 |44,690 52,750 | 68,940{100,950 60,280
Fixed installations 162 483 1,464 | 1,766 | 2,492 | 4,903 |[11,270 5,386 | 6,755 |12,141|20,265 |40,530 40,530 | 40,530| 33,775|13,510
Infrastructure 293 293 293 293 310 310 1,792 310 310 620 930 1,860 1,860 1,860 1,550 620
Other capitalised costs 50 50 100 100 400 400 | 1,100 600 800 | 1,400| 3,000 | 6,000 6,000 6,000| 5,000| 2,000
Total cost/year or stage 505 826 4,317 | 4,619 | 5,662 | 8,073 |24,002 | 10,836 |12,795 |23,631[44,595 [93,080 | 101,140 |117,330|141,275|76,410

Average cost, $/short ton - - - - - - - 2,52 1.68 1.97 | 1.14 1.18 1.30 1.49 | 2,14 2.94
Average cost, 108 Btu - - - - - - - 23 15 18 10 11 12 14 19 27




TABLE XXIII

CAPITAL INVESTMENT,

INTEREST DURING

CONSTRUCTION, INTEREST AND INSURANCE (1975 PRICES)
(10° $)
Stage 1 Stage 2 Stage 3 | Stage 4 Stage 5 Stage 6 |Stage 7 |Stage 8
Item

1977-78 11978~79 | 1979-80 | 1980-81 | 1981~82 | 1982-83 Total 1983-84 [1984-85 Total 1985-88 | 1988-94 |1994-2000 | 2000-06 |2006-11 {2011-13
Mobile mining equipment - - 2,884 2,884 2,884 2,884 11,536 6,503 6,503 13,006 256,392 44,556 53,274 69,048 [112,625 74,238
Fixed installations 1,624 3,214 9,813 3,023 6,260 24,113 48,047 4,831 13,686 18,517 - 49,923 16,641 66, 564 - -
Infrastructure 2,752 1,966 3,652 332 332 164 9,198 362 238 600 218 928 693 1,005 795 -
Sub-total 4,376 5,180 16,349 6,239 9,476 27,161 68,781 11,696 20,427 32,123 25,610 95,407 70,608 136,617 | 113,420 74,238
Direct operating costs to
start-up 747 3,195 5,419 5,652 5,875 6,095 26,983 - - - - - - - - -
Insurance costs to
start-up 88 104 327 125 188 543 1,375 - - - - - - - - -
Working capital 729 729 729 729 729 729 4,374 729 729 1,458 - - - - - -
Total capital costs 5,940 9,208 22,824 12,745 16,268 34,528 | 101,513 12,425 21,156 33,581 25,610 95,407 70,608 136,617 | 113,420 74,238
Corporate overhead 846 846 846 846 846 846 5,076 - - - - - - - - -
Total capital costs
including corporate overhead 6,786 10, 054 23,670 13,591 17,114 35,374 | 106,589 12,425 21,156 33,581 25,610 95,407 70,608 136,617 | 113,420 74,238
Cumulative capital costs
including corporate overhead 6,786 16,840 40,510 54,101 71,215 106,589 | 106,589 119,014 (140,170 {140,170 |165,780 |261,187 |331,795 468,412 | 581,832 |656,070
Interest on cumulative capital
costs up to beginning of
year (10%) - 713 1,840 4,509 6,387 8,823 22,272 - - - - - - - - -
Interest on capital cost
during year (5%) 339 503 1,184 680 856 1,769 5,331 - = - - - - - - -
Total interest during
construction 339 1,216 3,024 5,189 7,243 10, 592 27,603 - - - - - - - - -
Total investment 7,125 11,270 26,694 18, 780 24,357 45,966 |134,192 12,425 21,156 33,581 25,610 95,407 70,608 136,617 | 113,420 74,238
Cumulative investment 7,125 18,395 45,089 63,869 88,226 134,192 [134,192 146,617 (167,773 (167,773 |193,383 | 288,790 (359,398 496,015 | 609,435 |68B3,673
Depreciation 505 826 4,317 4,619 5,662 8,073 24,002 10,836 12,795 23,631 44,595 93,080 (101,140 117,330 |141,275 76,410
Cumulative depreciation 505 1,331 5,648 10,267 15,929 24, 002 24,002 34,838 47,633 47,633 92,228 | 185,308 (286,448 403,778 | 545,053 621,463
Outstanding investment at
year or stage end 6,620 17,064 39,441 53,602 72,297 110,190 |110,190 | 111,779 |120,140 |120,140 {101,155 | 103,482 72,950 92,237 64,382 62,210
Average outstanding investment 3,310 11,842 28,253 46,522 62,950 91,244 (244,121 110,985 |115,960 [226,945 (332,910 (541,850 (574,360 502,360 |[408,850 (130,080
Interest on outstanding average
investment (10%) 331 1,184 2,825 4,652 6,295 9,124 24,411 11,099 11,596 22,695 33,291 54,185 57,436 50,236 40, 885 13,008
Insurance (2%) 66 237 565 230 1,259 1,825 4,882 2,220 2,319 4,539 6,659 10,838 11,487 10,047 8,177 2,602
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TABLE XXIV

ROM COAL PRODUCTION COST

(1e? &)
Stage 1 Stage 2 Stage 3 |Stage 4 | Stage 3 |S5tage 6| Stage 7|Stage 8
Item
1977-83 {1983-84 |1984-85| Total (1985-88 |1988-94 {1994-2000;2000-06(2006-11 |2011-13
Coal production, 106 ROM tons - 4.3 7.6 12 39 79 78 79 66 26
; Direct operating cost - 10,550 |11,916 (22,475 73,037(154,284 | 167,426 |202,277| 259,400 142,223
|
Depreciation - 10,836 |12,795 [23,631 ! 44,585 93,080 101,140 |117,330|141,275] 76,410
i
Interest on average investmendt - 11,099 11,596 (22,695 33,291 | 54,185 57,436 50,236| 40,885 13,008
Insurance - 2,220 | 2,318 4,539 6,659 10,838 11,487 10, 047 8,177 2,602
|
Royalty
(75¢/long ton, 67f/short ton) - 2,880 | 5,080 | 7,970 26,130| 52,930 52,260 | 52,930 44,220| 17,420
Total cost/vear or stage - 37,594 43,716 (81,310 |183,712 (365,317 | 389,749 (432 820|483 ,957(251, 663
Average cost, $/short ton - 8.74 5.75 6.78 4.71 4. 62 5.00 3.48 7.48 9.68
Average cost, ¢/10% Btu - 80 52 62 43 42 15 50 68 88




TABLE XXV

CASH FLOW (EXPENSES) AND
UNIFORM SELLING PRICE (1975 PRICES)

103 $)
Stage 1 Stage 2 Stage 3 |Stage 4| Stage 5 | Stage 6| Stage 7|Stage 8
Item Present
Value
1977-78{1978-79| 1979-80| 1980~-81| 1981~-82|1982=83| Total 1983~84 (1984-85| Total [1985-88 [1988-94 |1994-2000| 2000~-06| 2006=11{2011-13
Capital investment 7,125 (11,270 | 26,694 |18,780 | 24,357 |45,966 |134,192 | 12,425 [21,156 |33,581| 25,610 95,216 70,608 | 136,617| 113,420 74,238 -
Direct operating costs - - - - - - - 10,559 (11,916 |22,475| 73,037(154,284 | 167,426 02,277 |259,407142,223 -
Insurance - - - - - - - 2,220 | 2,319 | 4,539 6,659 | 10,838 11,487 | 10,047 8,177| 2,602 -
Royalty
(75¢/1long ton, 67¢£/short ton) - - - - - - - 2,880 5,090 | 7,970| 26,130| 52,930 52,260 | 52,930 | 44,220] 17,420 -
Cash flow expenses 7,125 |11,270 | 26,694 |18,780 | 24,357 (45,966 {134,192 | 28,084 |40,481 [68,565]131,436 (313,268 301,781 401,871 {425,224 (236,483 -
Discounted cash flow at 15% 6,196 8,521 | 17,551 (10,737 {12,104 (19,872 74,986 | 16,542 13,233 (23,775| 32,675| 40,962 18,019 | 10,110 4,897 1,653 207,077
Discounted cash flow at 10% 6,477 | 9,314 {20,056 |12,827 | 15,126 |25,925 | 89,725 | 14,407 [18,905 [33,312| 50,797| 77,772 | 43,943 | 32,426 | 20,503| 8,013 (356,491
Coal production, 108 short tons - - 0.1 0.2 0.4 0.4 1.1 4.3 7.6 12 39 79 78 79 66 26 -
Discounted coal production at 15%,
10 short tons - - a.07 0.12 0.2 0.17 0.56 1.62 2.48 4,1 9.7 10.72 4,56 2.01 0.77 0.18 32.6
Digcounted coal production at 10%,
10¥ short tons - - 0.08 0.14 0.25 0.23 0.7 2.21 3.55 5.76 15.08 20.11 11.23 6.43 3.16 Q.88 63.35

Uniform Selling Price

15% discount rate

$/short ton ¢/106 Btu
6.35 58
5.63 51

10% discount rate
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TABLE XXV¥I
COAT. PRODUCTION COST (INFLATED)
o’ $
Stage 1 sStage 2 Stage 3 [Stage 4 | Stage 5 Stage 6 Stage 7 Stage &
Item It
i
1977-83 | 1983-84 [1984-85| Total |1985-88 |1988-94 {1994-2000| 200006 2006-11 2011-13
Coal production, 105 RoM tons - 4.3 7.6 12 39 74 78 79 66 26
Inflation factor (1975-76 = 1) - 1.78 1.87 1.83 2_06 2_ 58 3.45 4,68 6.10Q 7.17
|
Direct operating costs - 10,558 ;11,814 22,475 73,037 |154,2R4 167,426 202,277 259,407 142,223
| .
i ;
Pepreciation - | 10,835 {:12,795 23,831 44,595 93,080 101, 140 117,330 141,2‘?5: 76,410
Interest on average investmenty - 11,099 [11,596 22 6095, 33,291 54,185; 87,436 50,236 40,885 ‘ 13, 008
|
Insurance - 2,320 2,319 4,339 6,639 | 10,838 11,487 10,047 8,177 2,602
Sub-total = uninflated - 34,714 (38,626 73,340 157, 582 i312,38'.? 337,489 379,880 449,744 234,243
inflated - 61,791 |72,231 |134,022|324,652 |805,435 (1,163,705 |1,778,339(2,744,3435 ]1,679,404
Royalty = uninflated
{75¢/1long ton, 67¢/short tan) - 2,880 | 5,080 7,970| 25,130 52,930 52,260 52,930 44,220 17,420
Total cost/year or stage - 64,671 77,321 (141,992|350,782 858,365 (1,215,965 11,831,269 |2, 788,565 (1,696,824
i
Average cost, §/short ton - 15.04 10.17 11.83 B.99 10.87 15. 59 23.18 42,25 65.26
Average cost, sﬁflﬂs Btu - 137 92 107 B2 99 12 | 211 354 583




TABLE XXVII

CASH FLOW (EXPENSES) AND

UNIFORM SELLING PRICE (INFLATED)

10% $)
Stage 1 Stage 2 Stage 3 |Stage 4| Stage 5 Stage 6 Stage 7 Stage 8
Item Present
Value
1977-78|1978-79(1979-80] 1980~-81 |1981-82| 1982-83 | Total | 1983-84|1984-85 Total | 198588 [1988~94 |1994-2000 | 2000-06 | 2006-11 2011-13
Capital investment 7,125 |11,270 |26,694 |18.780 (24,357 45,966 134,192 [ 12,425 21,156 33,581 25,610| 95,216 70,608 136,617 113,420 74,238 -
Inflation factor 1.21 1.33 1.40 1.54 1.61 1.70 1.56 1.78 1.87 1.83 2.06 2.61 3.43 4,63 6.10 7.16 -
Direct operating costs Capitalised 10,559 }11,916 22,475 73,037|154,284 | 167,426 202,277 259,407 142,223 =
Insurance - - - - - - - 2,220 | 2,319 4,539 6,659| 10,838 | 11,487 10,047 8,177 2,602 -
Sub-total - uninflated 7,125 |11,270 |26,694 |18,780 |24,357 [45,966 |134,192 | 25,204 {35,391 60,593 105,306 |260, 529 249,521 348,941 381, 004 219,063
-~ inflated 8,621 {14,989 |38,973 |28,921 (39,215 |77,983 (208,702 | 44,863 |66,181 | 111,044 216,996 |680,992 | 854,784 |1,616,473 |2,323,708 |1,569,557 -
Royalty = inflated
(75¢/long ton, 67¢/short ton) - - - - - = - 2,880 5,090 7,970 26,130]| 52,930 52,260 52,930 44,220 17,420 -
Cash flow expenses - inflated 8,621 |14,989 (38,973 |28,921 39,215 (77,983 [208,702 | 47,743 |71,271 119,014 [243,126 |733,922| 907,044 (1,669,403 (2,367.928 1,586,977 -
Discounted cash flow at 15% 7,497 |11,332 {25,625 (16,534 (19,494 (33,582 (114,064 | 17,947 [23,298 | 41,245 | 60,197 | 93,716| 53,243 41,255 26,226 10, 706 (440, 652
Coal production, 10% short tons - - 0.1 0.2 0.4 0.4 1.1 4.3 7.6 12 39 79 78 79 66 26 -
Digcounted coal production at 15%, 1.62 2.48 4.1 9.7 10.72 4,56 2.01 0.77 0.18 32.6
10 short tons - - 0.07 0.12 0.2 0.17 0.56
@)
Uniform Selling Price
$/short ton ¢ 106 Btu
13.52 123
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TABLE XXVIII

BUDGETS
(108 §)
Item 1975-76 1976-77 |1977-78 |1978-79[1979-80 [1980-81 (1981-82 |1982-83 (1983-584 |1984-83
|
Geological expleoration of (200) (600 ) !
preferred pit locations 200 A 550
=
Geotechnical exploration (25 ? (23)
of preferred pit locations 25 e 25
5 -
E
Hydrological study 50 b 550 400
6 i
Geplogical exploration to -
complete the selected mine = (1,000})(1,000) i
C = 1,040 1,000 !
design g
" %
)
Gepotechnical exploration
to complete the selected (gggj (ggg)'
mine design
Mining engineering to
complete the selected ! (ggg) [ggg)
mine design
Nining casionent a0 ved ; (300) |6, 500) (8,300) |(7,800) (7, 400)
installations) : 2,600 5,200 6,000 | 6,000 6,200 7,000
Coal and ash handling ‘ 5,000 | 6,000 |L1,000 [12,000
Continuing exploration and (300) (300) (204} (100) (100
geotechnical 300 300 300 300 300
Creek diversion (1,000} (1,000) I
1,800 !
Incline box-cut and !
v (6,300) |{8,200) [(7,000) (7,000}
preproduction overburden 4 ! ! [
removal (cash only) 1,600 | 4,000 | 6,500 | 6,500 | 6,800 ; 7,400 :
Notes:
1, 20th October budget shown in brackets for comparison

2, A11 figures in 1975 prices




