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CHAPTER 1

INTRODUCT ION

1. This report deals with a conceptual mine, "Openpit

No 2", situated in Area 2 of the Hat Creek coal deposits. As

for Openpit No 1, two phases are considered, ie down to the
2,900~ft level (600-ft pit) and subsequently down to the

2,000-ft level (1,500-ft pit). As a result of the higher
elevation of this part of the valley, the flcocors of these con-
ceptual pits are 500 ft higher in elevation than in Openpit No 1,
It must be emphasised that these levels have not been selected
on any firm basis. However, it is considered that the 600-ft
pit is technically feasible whereas the 1,500-ft pit will require
far more knowledge than is available at present to prove the
concept. Unlike Openpit No 1, considerable resources of coal

lie deeper than the bottom of the 1,500-ft pit.

TERMS OF REFERENCE

2. Report No 1 (which is included as Appendix "A" in
Report No 2), gives the full terms of reference. Openpit No 1
is dealt with in Report No 2. This study is intended for com-
parison with Openpit No 1. However, it must be assumed that
both pits will eventually be worked and therefore the conceptual
design of Openpit No 2 takes into account that of Openpit No 1.
In particular, this principle is applled to spoil disposal,

ie spoil will not be dumped within the surface intercepts of
either of the 1,500-ft conceptual pits.

FORMAT

3. This report follows as closely as possible the format
of Report No 2 so as to facilitate direct comparison as far

as possible. There are clearly many elements common to both
openpits and these are not repeated, attention being directed

to differences. In order to avoid possible confusion, appendices,



tables and plates have been numbered consecutively with those
in Report No 2, except where revised, when a suffix R has
been added to the original letter or number.

PROGRESS TO DATE

4, The draft of Report No 2 (Openpit No 1)} was presented
in Vancouver in March 1976 both to BC Hydro and the Provincial
Department of Mines and Petroleum. As a result, a number of
corrections and additions have been made and the final version

was completed in June 19786.

5. On 18th March, 1976, Messrs Brealey and Alexander
visited the Hat Creek valley to examine the mine and spoil
disposal sites and particularly to observe thaw conditions.
The drilling programme in Area 2 had been completed. Discussions
took place on the recommendations for further investigation
and test work and it is understood that a further drilling

programme and geotechnical investigation may soon be approved.

6. The documentary information received since
23 February, 1976 is listed in Appendix "F". This includes
corrections to the inclined boreholes and also the borehole

water levels recorded by DCA.

PROGRESS REPORTS

7. Monthly Progress Reports No 6, 7 and 8 were submitted
on 29th March, 28th April and 3rd June, 1976.

BASIC DATA

8. Table I has been revised as Table IR to include
additional assumptions regarding marble and volcanics.
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CHAPTER II

GEOLOGICAL. AND GEOTECHNICAL ASSESSMENT

INTRODUCT ION

1. The borehole logs for Area 2 have been re-examined to
enable the preparation of new plans and sections for conceptual-
mine-design purposes. All available drilling information has
been included and sections have been drawn up in the light of
recent discussions with DCA and BCH. Use has also been made

0of earlier surface outcrop mapping of marble and the volcecanic

ro'cks .

2. The drill hole data all dates from 1975 or 1976 but
because of the low drilling density compared with Area 1, the
structural interpretation still inecludes large elements of
conjecture. Plates 47 to 63 are the pertinent geological plans
and sections: the amended legend of symbols and abbreviations

as used in Report No'z is shown on Plate 15R.

3. In contrast to Area 1, this deposit is long and narrow
with boundary faults appearing to be an even greater constraint
to the limits of the deposit than in the north.

STRUCTURE

4, The structure is essentially that of a horst-faulted

anticline as shown on the plan on top of coal contours (Plate 63).

Faulting

5. As mentioned above, there are appreciable gaps in
prospecting, drilling having been concentrated on EW lines at
about 2,000-ft intervals. In the absence of freguent marker

horizons, faults have been inferred on the basis of:

- non-systematic changes in coal roof elevation,
— disappearance of coal-bearing strata,
- sheared, broken or gouge-type materials in core,.
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On these grounds, little evidence is available to calculate the
-

orientation of certain fault planes and a zero hade (vertical

fault plane) has sometimes been assumed. The principal faults

appear to be:-

{i) Fault A - A vertical fault plane assumed with a
down-throw to the west, trending NNW-SSE
and comprising the western boundary of
the coal deposit.

(ii) Fault Y - A vertiecal fault plane assumed with a
| possible down-throw to the east, trending

NNW-SSE and converging towards Fault A
in the north. This fault is inferred
to constitute the eastern boundary of
the coal deposit mainly at the deeper
levels of the 1,500-ft (2,000-ft level)
pit.

(iii) Fault X - A normal fault, down-throwing to the
east and trending NNW-SSE. The hade is
shown as approximately 30° and the fault
plane effectively acts as the boundary
of the coal deposit along much of the
eastern side of the shallower 600-ft
(2,900-ft level) pit. To the south,
this fault lies east of the anticlinal
axis but it runs along or crosses the
fold axis to the north,

(iv) Fault J - An inferred normal fault down-throwing
to the west and trending NW-SE between
faults X and Y,

An additional normal fault down-throwing east may be present
along the western boundary of Area 2, lying just east of
fault A,

P . . . 7 , s . N
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G, The effect of this faulting is to form a horst between
fault A on the west and faults X and Y on the east, a feature

somewhat emphasised by the apparent anticlinal form of the deposit.

In this respect, the area has some similarities with the horst
lying between the Mag fault and fault H in Area 1. It can be
seen from Plate 66 that the main faults in Area 2 when extended
north lie to the west and south west of Area 1.

7. It is quite possible to interpret the existing data
so that additional faults of various sizes are incorporated

and that the hades and directions of fault displacements are
changed. It is also possible to infer cross or oblique faults
in Area 2 which run sub-parallel to Dry Lake, Trig and Finney
faults. Whilst these possibilities must be recognised, there
is little point in attempting complex structural solutions with
the present density of drilling data.

Folding
8. As in the northern deposit, extensive arecas of
horizontal or gently inclined strata are not anticipated.

Principal features are:-

{i) The basic structure appears to be an anticlinal horst,
so strata dips to the west on the western side of the
deposit and somewhat less markedly to the east on the
eastern side. This structure is based on levels at

the top of coal.

(ii) Dips on the western flank are steep, locally in
excess of 60°, The dips appear to flatten to angles
of 10° to 30° towards the axis of the anticline
which locally coincides with sub-superficial outcrops.
Further east towards and beyond fault X, dips are
towards the east at angles of 15° to 30°.

(iii) At the southern and northern limits of Area 2, the
crest of the anticlinal axis is thought to plunge
beneath deeper cover. A small depression in the crest
of the antielinal axis also occurs between the two

incrop areas.
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a. Appreciable variations in the inclination of bedding
traces have been recorded within individual boreholes. It is,
therefore, possible that soft .sediment structures such as
slumping or compaction faulting are present in addition to

possible diastrophic faulting referred to in para 5 and 6 above,

10. The west-east sections illustrate the above structures
showing conjectural and inferred fault positions, and the
inclination of the top of coal. Whilst it is possible to explain
the disposition of coal in boreholes by faulting and folding,

the possibility of rapid variations in strata, such as thinning
or changes in sediment character, must not be overlooked.

MATERIALS

11. The overburden is divided as in Report No 2 into

superficials and waste.

Superficials

12. This includes the drift deposits which, as in Area 1,
comprise glacial tills and moraines and subsequent outwash
materials, lake deposits and soliflucted debris. The super-
ficials are usually thicker than in Area 1, ranging from less
than 50 ft to over 250 ft. To the south east there are small
rockhead outcrops, mainly of volcanic rocks, but the coal is
nowhere exposed as further north. Logs of boreholes show the
superficials to consist of moderately thick units (20 to 50 ft)
of sands, gravels or clay with boulders. No attempt has been
made to examine the spatial distribution of these different
engineering soils. Patterns are apparent in the distribution
of surface materials so that mudslides and alluvial deposits can

be distinguished; similar patterns of till, moraine and outwash

material are to be expected in the thicker, unexposed superficials.

M sopachytes of total superficial thicknesses have been prepared
(Plate 59) but by virtue of the paucity of drilling are somewhat

conjectural. The following trends are apparent:-

(i) Thinner superficials are present beneath Hat Creek,
on the steeper slopes associated with the volcanic
rocks and at some higher levels above 4,000 ft.



{(ii) Thick superficials lie just east of Hat Creek and
west of the volcanic rocks. '

13. Sub-superficial contours intersect coal near the
anticlinal axis to give two elongated areas of incrop as shown
on Plate 61 in the northern and central sections of Area 2.

The more northerly of these areas is the most shallow and hence

the most appropriate access point on the basis of pre-stripping

requirements.
Waste
14. The in situ contiguous strata dverlying the cozal

appears to be similar to that in Area 1, ie low or very low
strength siltstones and claystones, although one borehole reports
medium strength sandstone near the rcof of the coal. Outside

the coal area, but within the execavated slopes, the sedimentary
strata are similarly siltstones and claystones with a lower

proportion of sandstones and conglomerates than in Area 1.

15. Volcanic rocks are present on the east side of the
deposit and locally give rise to a terrace or bench-like
feature, near or just below the 4,000-ft level. Tuffs and

breccias are present probably with some clay-rich horizons;

some of the samples collected from outcrops are of medium strength.

16. The wvolcanie rocks overlie both siltstones, claystones
and coal. One borehole shows signs of coal burning which may

be related to the volcanism, although only a very small part of
the actual coal area is covered by the tuffs and breccias,

which predominantly overlie the potential eastern slopes.
Contours of the assumed base of volcanic rocks and their dis-

position with respect to the inferred faults are shown on

Plate 62,

17. In the south eastern corner of the conceptual mine
there is a prominent ridge of marble, considerably older and
more indurated than the coal-bearing strata. The approximate
position of the contact between the marble and the younger rocks

is shown on Plates 81 and 62.
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18, Plate 80 shows the isopachytes of total overburden

(superficials, waste and volcanics).

Coal

19. The top of coal contours and subdrift outcrop positions
are shown on Plate 63. A detailed study has not been made of
variations in coal quality {(notably the ash contents). Given
the present drilling density only very general trends are
apparent and these may not be substantiated by more detailed
infill drilling. Some deterioration of coal towards the west
is shown by a number of boreholes: the ash content of certain
horizons appears to increase as do the size and number of
inter-bedded claystone and siltstone partings. There also may
be a similar southward deterioration. Individual boreholes
often show a moderately low ash content (10% to 25%) near the
top of the coal, a high ash (40% to 50%) mixed coal/mudstone
central section and some reduction of ash content (15% to 40%)
in the lower paris of the coal.

20. The internal correlation of the coal remains difficult:
some correlation is possible on the basis of impersistent
partings such as resin or tuff bands, but widespread diagnostic
features cbservable in the field have not yet been recorded.
Palynological studies may have some useful application on the
large scale in assessing the position of major faults or
significant sedimentary variations. No attempt has been made
to show either variations in coal quality or actual correlation

on plans or sections.

ADJACENT AREAS

21, Plate 66 shows the limits of 600-ft (2,900-ft level)
and 1,500-ft (2,000-ft level) pits in both Areas 1 and 2. Spoil
dumps must be located outside these areas and at present there
is little information on the geology of the surrounding parts

of the valley. The areas considered for dumps are:-

{i) South of Area 2

Between 20,000N and 35,000N coal is present in three
of the seven boreholes drilled in this wvicinity,



(ii)

(iii)

(iv)

- 10 -

suggesting a southward extension of faulted anticlinal
structure, albeit with the top of coal at a lower
level than in Area 2. With the exception of one
borehole, the coal appears to be in mixed and inter-
bedded shaly units and in all cases is relatively
deep, circa 400 to 800 ft. Moreover, the valley
narrows to the south and the coal lies beneath higher
terrain, particularly on the east side of the valley,
further increasing the potential stripping reguire-
ments and making it less attractive for openpit

mining, and therefore more suitable for waste disposal.

West of Area 2

Coal has not been intersected in the few boreholes

in this area; indications from geophysical investiga-
tions are that thick coal is either not present or

at considerable depth in a down-faulted trough.
Mudslides are apparently absent hereabouts and this

location could be considered for waste dumps.

North-west of Area 2

Nothing significant is known of the sub-drift geology
of this area. Conjectural extensions of the structure
from further south suggests that coal, if present,

is likely to be deep. Waste could be dumped here

as was proposed in Report No 2.

North and north-east of Area 2

A narrow (1,200 to 1,500 ft) strip of land separates
the two 1,500-ft pits, there being a 7,000 ft gap in
drilling between Areas 1 and 2. It again seams
possible that any coal in this area is deep, but the
controlling structures and sedimentary variations

are not yet understood. An area for dumping along

and east of Ambusten Creek would appear to lie outside
the main potential coal areas and to be away from

the principal mudslides.

LJ g e el g

L-.J

Y R S R UURED R WUV R S

-

L1

L-J

L—J

i1 L.



- 11 -

{v) East of Area 2

Coal is seemingly absent or beneath a volecanic and
sedimentary cover of several thousand feet. The
increasing elevation and steepening slopes on this
side of the valley render the area unsuitable for

much waste disposal.

GEQTECHNICAL IMPLICATIONS OF

THE GEOLOGY
22. The mining implications regarding the above findings
are: -

(i) A 600-ft pit would primarily remove the upper coals,
probably of moderate quality. A 1,500-ft pit might
include a higher proportion of silty mixed coal.

{ii) The segregation of waste during mining will present

similar problems to those likely in Area 1.

(iii) Larger gaps are present in prospecting than in Area 1.
Structures and estimates of volumes cannot, therefore,
be used in conceptual planning with the same degree

of confidence.

(iv) As with Area 1, the diggability and trafficability
of pit materials cannot be fully assessed on available

information.

23. A range of potential slope failures is likely within
the pit. The low strength claystones and siltstones are present
as in Area 1 and a conservative slope of 15° to 16° has again
been used in the conceptual layout for the excavations in both

coal, stratified overburden and superficials.

24, Observations on core by Golder Associates Ltd (GA)
suggest that the claystones and siltstones can be expected to
behave as engineering soils in slopes of significant height, ie

circular—-type failures might be anticipated. Simple field
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tests indicate compressive strengths of the order of 2,000 to
3,000 psi for the overlying strata.

25. Bench stability with steeper slopes is likely to

be controlled by discontinuities such as faulting or bedding
separation surfaces. In this respect the anticlinal structure
may be considered more favourable than in Area 1 since the

dip of the coal and stratified overburden should, in most

places, be cut by the pit slope at an angle of approximately 90°,

26. GA have presented a revised distribution of mudslides
in Area 2. Some of the areas first considered to be mudslides
are now thought to be alluvial fans, and the mudslide/mudflow
boundaries have been redefined, slightly enlarged and limited
to the eastern side of Hat Creek (Plate 64). The two principal

slide areas are near Fish Hook Lake and opposite McDonald Creek.

The latter lies entirely within the 600-ft pit, whilst the
former extends into the 1,500-ft curtilage.

27. In the mining propesals for Area 1, all pit slopes
progress gradually outwards except those near the ramp. In
Area 2 the proposals are for progress towards the south with
smaller lateral expansions. Long-term detericration of the

north-south slopes, therefore, becomes an important consideration

especially as time-dependent movements could prejudice bench
conveyor systems or haulage. If Area 2 is to be worked, this

matter must receive due consideration.

28. No preliminary observations have been made by GA on
the likely strength of the wvolcanic rocks. Samples collected
in the field are of moderate strength but some core shows signs
of breakdown on exposure, commonly found with such materials.
On the basis that the volcanics may include both very weak and
relatively competent rocks, and that it does not appear to have

been incorporated in major faulting, an operating slope angle

of 25° has been used for excavations in volcanics when assessing

volumes etc. Considerably more data are reguired both to
validate this angle and to assess diggability etc.
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29. A slope angle of 45° has been assumed for the marble
where encountered in the south east of Area 2. On the basis

of nearby natural slopes, this appears to be a reasonable assump-
tion, but further investigation would be necessary if Area 2
were to be worked south of 50,000N.

30. In most respects GA consider that the slopes could
not be excavated to steeper angles than those proposed in Area 1.
Similarly, their findings presented in Report No 1 and summarised

in para 16 and 17 of Chapter II, Report No 2 are generally upheld.

31. Observations on water in Area 2 are limited. Packer
tests on borehole 76-118 showed the coal to be impermeable,
Rest water levels in open boreholes in Area 2 indicate water
within 10 or 20 ft of the surface. Several boreholes had
collapsed at, or below, rockhead and these rest water levels,
therefore, probably reflect conditions in the superficials.

More investigations of deep ground water conditions are required.

FURTHER INVESTIGATIONS

32. Even a cursory inspection of Plate 64 showing drilling
progress to February 1976 reveals a low density of drilling in
Area 2. 52 boreholes have been drilled within the limit of

the 600-ft pit; five extra boreholes within the 1,500-ft pit.
This represents one borehole for every 330,000 ydz {70 acres)

in the 600-ft pit and less than half that density for the deeper
pit. On the basis of potential in-situ tonnage per foot of

borehole in coal, the figures are:-

600-ft pit - approx 90,000 tous/ft of borehole
' in coal

1,500-ft pit - approx 160,000 tons/ft of borehole
in coal

Typical coal
stripping operation - 10,000 tons/ft of borehole in coal
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33. Should Area 2 be seriously considered for development,
further drilling is essential to remove doubts regarding the
structure, nature of constituent rocks and superficials and
geotechnical matters, especially groundwater conditions in the
consolidated strata. The spacing of boreholes along existing
section lines is satisfactory in most cases. The section lines
are, however, widely spaced and the existing drilling concentrates
on the coal area with little drilling in the pit slopes. The
following additional drilling would improve the confidence of
geological and geotechnical predictions in a similar fashion

to that suggested in Area 1:-

Proposed Drilling Footage

(i) Additional 300-ft boreholes at 1,000-ft
centres along current WE sections mainly
within the pit slopes 10,000 £t

(ii) Additional 600-ft boreholes along WE
section lines at 600-ft intervals NS and
WE 70,000 It

(iii) Additional 300-ft boreholes within the
pit slopes on the section lines of (ii)
above, with some further allowance for
the siting of spoil dumps 20,000 £t

34. This extra drilling replaces that proposed in Chapter II
of Report No 1 and reduces to 15,000 tons the potential proved
per foot of borehole in coal. As mentioned previously, future
infill drilling need not be all core drilling; much use should

be made of the infill programme for geotechnical purposes. Such

a sizeable prospecting programme could be spread over several
vears and adjusted to optimum slopes and depths of working as

these become apparent.
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CHAPTER II1

MINE PLANNING

GENERAL

1. The same considerations regarding valid mine planning
apply as in the case of Openpit No 1. Area 2 is a much larger
deposit than Area 1 and the intensity of exploration to date

is even less. However, the rock types are similar. The extent
of the volcanics is greater and the pit would widen out into
the marble on the E side of the valley.

Structure

2. The structural features of the Area 2 deposit are
discussed in Chapter II and illustrated on Plates 15R and 47 to
64 although the locations of the faults are somewhat conjectural.
The 1limits of the deposit to the N and S are not known although
coal is shown in some boreholes. In the north it is deep and
may well be contiguous at depth with the Area 1 deposit. In

the south, care will have to be exercised that mineable coal is
not covered with spoil dumps. The deposit is mparrower, longer
and deeper than Area 1 and the thickness of overburden is

greater.

3. As in the case of Openpit No 1, the stratigraphy of
the coal itself is not determined and the amount and configuration
of intercalated waste is not known. Therefore, the same assump-

tions have been made as for Openpit No 1.

Coal Quality

4. Coal guality aspects are dealt with in Chapter V and,
owing to the lack of data, similar assumptions have been made
as in the case of Openpit No 1. However, a check analysis has
been carried out and some washability results for one sample
only plotted. Taking these results as typical, the effect of

coal preparation on coal and waste production has been calculated.
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Coal Production

5. The same assumptions have been made as in the case of

Openpit No 1 as regards the gquantity and quality of the rom coal

production, ie:-

Apnual rom coal production - 13,100,000 short tons

Ash content ~ 32% (includes waste dilution)
Moisture content - 20%

Calorifiec value - 3,500 Btu/1lb

Physical and Chemical Properties

6. The same situation applies as for Openpit WNo 1,
Groundwater
7. The results of logging the standby water level in

scme of the boreholes have been received and the conclusions

which can be drawn are discussed in Chapter II.

TYPE OF MINE

Underground Mining

8. The preliminary appraisal of the possibilities of
underground mining apply as for Openpit No 1 but the coal is
deeper and hence the costs would be expected to be greater,.
However, it is evident that there are considerable resources
of deep coal (many of the deep boreholes in fact terminated
in coal) and therefore there may be a greater incentive to
develop a feasible underground mining method. The remainder

of this report, however, deals with a conceptual surface mine.

Factors Controlling the Design
of a Surface Mine

9. In general, the same geotechnical factors apply as
in the case of Openpit No 1. However, the effect of the
presence 0of substantial deposits of volcanics and marble on
the east side of the valley is discussed in Chapter II.
Since these rocks are stronger than the claystones, greater
angles of slope can be'accepted and therefore the following

have been adopted:-
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Volcanics - 259
Marble - 459
Other rocks - 15° 57
10. The conclusions which have been drawn from considera-

tion of the control factors are generally similar to those
applying to Openpit No 1, However, the more elongated shape

of the deposit considerably influences the pit design. It may
well be possible to commence backfilling before the pit is
completely worked out. Also, the much larger quantity of
superficials and the long, straight faces which could be formed
make 1t possible to reconsider the use of a bucket-wheel excavator
and conveyor system for the excavation and disposal of this
material as an alternative to the scheme adopted for Openpit No 1,
ie scraper operation (see Chapter IV).

Main Incline

11. The reasons for the adoption of a main incline equipped
with conveyors in Openpit No 1 remain valid for Openpit No 2.
Again, the north end of the deposit is the most favourable
location since the cover is least at this point and therefore
excavation is minimised. The amount of ccal underlying it

is, however, greater than in the case of Openpit No 1, but again
much of this coal could ultimately be recovered. This location
is also favourable as regards those power plant sites which are
at the northern end of the valley. If a site at the southern
end of the valley were to be selected, this location would be
reviewed but even then it seems likely that it would be retained
as opening up at the southern end of the deposit would be much

more expensive due to the thicker overburden.

12, The direction of the ineline has been selected so

that it is pointed along the axis of the deposit thereby possibly
avoiding the necessity for conveyor transfer points at the
bottom (due to change of direction). However, the direction
could be adjusted to suit the surface layout if necessary, eg

if the Harry Lake power plant site were selected.



- 18 -

Depth Limitation - Reserves

13. The same policy regarding the depth of the pit has
been adopted as in the case of Openpit No 1, ie a 800-ft pit

has been postulated for detailed examination and a 1,500-ft

pit projected without, however, any commitment as regards its
technical and economic feasibility. Owing to the higher
topography, the floors of these pits are at higher elevations
than in the case of Openpit No 1, ie 2,900 ft for the 600-fi pit
and 2,000 ft for the 1,500-ft pit.

14. In this case the reserves of coal within the confines
of the fully developed 600-ft pit are more than adeguate for

the 35-year life of the power plant, ie 664 million short tons
(Table XXIX). The 1,500-ft pit is estimated to contain

3,397 million short tons (Table XXIX) and ceoal is known to extend
at least 450 ft below that level as well as laterally.

Pit Design

15. A manual method of designing the pit similar to that
used for Openpit No 1 has been adopted.

16. The steps taken in establishing the design shown on

Plate 66 are as follows:-

(i) Direct the access incline approximately along the
central axis of the deposit, ie towards the centre

of pravity.

{ii) PRoughly equalise the waste excavation on the east
and west sides of the initial pit.

{iii) Draw a conical-shaped pit centred on the incline to
a floor elevation of 3,000 ft (Stage 1).

{(iv) Extend the pit down the incline and sideways to the
full depth of the 600-ft pit, ie to floor elevation
2,900 ft (Stage 2).
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At this point alternative apprcaches are possible

ie: -

Scheme A - Widen the pit to include most
of the coal above the 2,900-ft
elevation and then extend it to
the south of the deposit.

Scheme B - Maintain a narrow pit, extend it
to the south and then widen out
on the east and west sides to the

limit..

These two schemes are illustrated on Plate 65.

Scheme A is economically less favourable than Scheme B
as it involwves the removal of more waste rock at an
earlier date. Also, as it progresses to the south,
static benches would be left behind and these would be
valnerable to long-term slope failure., This could be
mitigated only by abandoning the northern access
ineline (after say 20 years) and develcping another
incline further to the south (as shown on Plate 65).
However, this could be turned to advantage as the
abandoned part of the pit could be utilised for spoil
or ash disposal, at the expense, of course, of

abandoning the deeper coal.

Scheme B enables the removal of some of the massive
waste rock on the east and west sides to be deferred
and therefore the cash flow would be more favourable
overall although the economic cut-off would be earlier,
The southern half of the pit could be slowly widened
and the long north-south faces would be kept active
thereby avoiding long-term slope failure. In other
words, the faces would be cleaned up from time to time,
Again it might prove advantageous to abandon the
northern access incline and to open another further

to the south when the bulk of the excavation is in

that area.
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The development of the access incline cccurs in
Stage 1 and considerably greater quantities of
overburden have to be removed than in the case of
Openpit No 1. Therefore, the stripping ratio is
greater. The coal excavated during this stage would

again be stockpiled.

The same method of calculating the instantaneous
stripping ratio has been used as in Report No 2 for
Openpit No 1 (Chapter III, para 23). Table XXIX

gives the volumes of different types of waste rock and
the stripping ratios based on both in-situ and rom
quality coal (compare Table II in Report No 2).

Again the sum total of all the volumes is, of course,
the total volume of the pit up to the stage in question,
that of the coal being the mineable reserves. The
"stage stripping ratio" has been used for the economic
calculations which have, therefore, been averaged over
the stage. The instantaneous stripping ratio occurs

at the end of the stage and would be the value to be
used for the calculation of the economic cut-off, ie
the last incremental cut on each bench. (In an
entirely symmetrical coperation which expands outwards
uniformly, the stage ratio would clearly be of a

value between the instantaneous ratios at the beginning
and the end of the stage because the instantaneous
ratio would increase uniformly cut by cut. However,

this assymetrical design this is not the case.)

Nine stages are shown for Openpit No 2 {(Plate 66),

the first six providing sufficient coal for the power stati

Stages 7 and 8 show the the further development of
the 600-ft pit and Stage 9 shows the 1,500-ft pit.

.It will be noted that the total reserves of coal within

this pit are approximately 3,397 million tons rom
compared with 775 million tons for Openpit No 1
(Table II).
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Plate 67 shows the cumulative volumes of waste plotted
against the cumulative tonnapge of in-situ coal mined
out. The corresponding curves for Openpit No 1 are

shown for comparison.

(viii) Table XXX, Schedule of Production, has been derived
from the schedule of coal production required by the
power station (three 750-MW generators) in the same
way as for Openpit No 1 and Platezs 68 and 62 show
the yearly and cumulative coal and waste production
requirements and the yearly stripping ratio (relative
to rom coal). The corresponding curves for Openpit
No 1 are shown for comparison.

Development Programme

17. Assuming the same timetable for the power station,

the same construction schedule for the power station and develop-
ment schedule for the mine apply as for Openpit No 1 (see Plate 23,
Report No 2).

ENVIRONMENTAL ASDPECTS

18. As regards environmental aspects, the same considera-
tions apply as for Openpit No 1 but the volumes of waste for
disposal are considerably greater, particularly if an attempt

is to be made to recover most of the coal reserves. Consequently,
the dumps will occupy a greater area. However, unlike Openpit

No 1, there is a possibility of backfilling in the pit before
mining operations cease altogether. Clearly, if Openpit No 1 ,x
is worked out first, then that volume would be available for
dumping (and vice versa). Openpit No 2 is further up the valley
which is also wider at this point and so the north end of the
valley would be largely unaffected whereas a pit at the north

end of the valley is bound tc have a major effect on the valley

as a whole,
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CHAPTER 1V

MINING OPERATIONS

INTRODUCTION

1. No 2 deposit lies to the south of Openpit No 1 and
is different in shape having a greater length along the north-
south axis than width over the east-west axis. This has
resulted in the different method of opening up and working the
coal in six arbitrarily chosen stages along the length of the
deposit in a southerly direction,

2. Because of the thickness of overburden, the develop-
ment rate at the start has had to be greater and because of

the shape of the de?osit and topography of the valley a constant
annual rate of waste removal of 27 million bank yd3 of total

waste is deemed necessary.

3. In order to allow direct comparison of the two deposits,
the machinery used and the type of mining are the same although
the gquantities and the distances invelved in overburden and

coal removal are different.

4. The difference in shape makes Openpit No 2 more
suitable for a bucket-wheel excavator system to remove super-
ficials and details of this type of operation are considered

at the end of this chapter.

5. As the mining operations are similar, this chapter

will only examine areas of difference.

G. Production schedules are detailed in Table XXX,

Equipment required in shown in Table XXXI.

DEVELOPMENT

T. Stage 1 of the operation is completed before full
production starts in Stage 2. The 2,400-ft elevation, which is
approximately 600 ft below the surface level, is reached at

the end of Stage 2.
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DIVERSION OF HAT CREEK

3. The river is dammed at the southernend of the deposit
and is channelled along the western side of the valley. The
topography permits natural drainage so that pumping from the

reservoir behind the dam is not needed.

SUPERFICIALS

9. These will be removed as described in the report on
Openpit No 1 except that the scrapers will require to c¢limb
grades of up to 15%. This is reflected in the large number of

scrapers needed throughout the removal of superficials.

10. From 1993 onwards, the superficials will be transported
to the south of the deposit by disposal conveyors and scrapers
will deliver the superficials to the conveyors. The arrangement
for this conveyor would be similar to that shown on Plate 71

in connection with the bucket-wheel excavator. The loading point
would be outside the area of the proposed 35-year pit.

VOLCANICS

11. From 1892 onwards volcanic rocks occur in the area
of operations to the south east. These will be blasted and
removed by shovel and trucks,

DRILLING AND BLASTING

12. The coal and pit waste will be drilled and blasted
as in Openpit No 1, '

13. The wvolcanics will be drilled using blast-hole drills
with approximately 10-in diameter holes at an interval of 6 yd.
For calculation purposes, a drilling rate of 30 ft/hour has
been estimated for this type of drill in hard volcanic rocks,.
This compares with 210 ft/hour for the drilling rate in the
softer waste and coal with 4—in diameter holes and crawler rigs.

A powder factor of 0.6 1b/ton has been used for volcanics.
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TRANSPORT

14. Plate 70 shows the mean haulage distance for removal
of the four types of material for 1979/80 until 2019/20. It
shows the reduction in distance for superficials removal by

introducing the south conveyor,

WASTE DISPOSAL

15, This is dealt with in detail in Chapter VI.
MUD FLOWS
18. Plate 64 shows the mud flows in the vicinity of

No 2 deposit. These mud flows are to the east of the deposit

., and the total velume assuming a thickness of 48 ft is

81 million bank yd3 of which 37 million bankyd3 are within the area
of the planned pit.

DRAINAGE AND PUMPING

17. The increased size of the pit increases the quantity

of water to be pumped as a result of the annual precipitation

to approximately 2,000 imperial gallons/minute over the year
after Stage 5 has been reached. The installation of adequate
pumping facilities has been included in all estimates of equipment

required.

EQUIPMENT

18. Table XXXI details the equipment required taking the
actual working period for a machine as 5,000 hours/year. The
capital and replacement costs for all egquipment are summarised

for stages and start up years in Table XXXII.

19. The replacement period for machinery is as given in

the report con Openpit No 1 to which should be added:-

(i) Every 20 years - Bucket wheel excavator
(alternative superficial removal
scheme)

(ii) Every 10 years - Blast-hole drills
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EQUIPMENT COSTS

20. In addition to Table XXXII, the allocation of equipment
costs by activity is shown in Table XXXITI. Table XXXIV is
a schedule of typical equipment ({the manufacturers' names given

do not imply any preference over other makes).

BUCKET-WHEEL EXCAVATOR

21. The use of a bucket-wheel excavator system has been
considered as an alternative to scrapers for the removal of

superficials.

Mining Method

22, The system of excavation involves stripping the
superficials in blocks 2,250 ft wide across the pit starting
from the centre and working outwards. Plate 71 shows the
areas blocked out in sequence and Plate 72 shows the estimated

cross sgectional areas of superficials on the sections indicated.

23. Two faces would operate simultaneously working from
the centre outwards on lines parallel to the estimated strike

lines of the base of the superficials to produce as far as

-possible a face of even height. Excavation would commence at

the estimated volumetric centre so that excavation of the two
sides of the block would be completed in similar times.

Transport of Waste

24 . Waste would be removed by a belt-conveyor system
comprising two movable conveyors (one in each bench moving up
with the excavator) delivering on to two cross conveyors sited
on the unworked portion of the pit. These, in turn, would
deliver on to a belt-conveyor system to transport the spoil to
the southern end of the area for disposal by means of a boom
stacker. A diagrammatic sketch of the layout is shown on
Plate 73.

25, As each block is excavated, the cross conveyors move
forward and the waste conveyor is shortened by the width of
the block (2,250 ft}. The conveyor made available can then be used
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to extend the other end of the conveyor as the stacker completes

the spoil benches and moves forward.

Restraints

26. Successful removal of superficials is dependent on
the¢ number and size of boulders that are encountered. Bucket-
wheel excavators cannot handle very hard material or lumps too
large to pass through the buckets and presumably too large to
be carried on the associated conveyor system. Occasional
boulders can be blasted or removed by shovel but large numbers
would interfere with the operation to an extent which would

render it uneconomic.

Extraction Rates

27. It is estimated that an extraction rate for super-
ficials of 20 million bank yd3 a year would enable the mining
programme to be followed. The time schedule is shown on
Table XXXV.

ECONOMICS

28, The cost of removal is estimated in Table XXXVI.

Two costs are shown, one for removal and dumping as a complete
operation and the other for comparison with scraper operations
in excavating the removal to the pit perimeter only as both
systems rely on the same conveyor system from the perimeter

to the dumping ground.

29. The approximate direct operating cost for scrapers
is 61¢/bank yd3 to the dump or 46¢/bank yd3 to the conveyor.

30. Table XXXVII shows a DCF calculation (at 15%) which
compares superficials removal by scrapers and by bucket-wheel
excavators. This shows that bucket-wheel excavators would be

43¢/short ton cheaper than scrapers for this work.
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ADVANTAGES AND DISADVANTAGES
OF BUCKET-WHEEL EX{CAVATORS
31. Table XXXVII shows that the initial capital cost of the

BWE system to start-up of production would be approximately
$55 million compared with $34 million for the scraper scheme.
However, operating and maintenance costs for the BWE system
would be less than for the scrapers. In other words the BWE

system loads the costs at the front end.

32. Apart from the reduced operating cost, one of the
main advantages of the BWE system would be the reduction in
labour requirements. In 1980, for example, when the scrapers
are scheduled to remove the same quantity as the BWE, 187 men
would be needed for the scraper operation compared with 52 for
the BWE system,
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CHAPTER V

SURFACE PLANT AND COAL PREPARATION

INTRODUCTION

1. In the absence of a firm decision on the location of
the power station, the surface plant and coal preparation have
been considered to be the same for Openpit No 2 as detailed for

Openpit No 1.

MINE POWER SUPPLY

2. Due to the elongated shape of the mine, power
reguirements for transport of materials are higher than for
Openpit No 1. The main incline conveyors are longer than for
Openpit No 1 at the same stage and from 1983, when Stage 2
reaches the pit bottom level, the main incline conveyors require
more power than in Openpit No 1 to cater for the increased

depth and length. As the mine progresses, extra conveyors

are required on the floor of the pit and in addition the waste
disposal system for superficials on the south side requires

extra power because of the conveying distance.

3. There is no requirement for pumping for the Hat Creek
diversion, as the water can flow by gravity round the proposed

Openpit No 2.

4. The mining method calls for electric drills to drill

the volcanics from 18922 onwards as an additional item.
5. The estimated ultimate loading would be about 30 MVA.

6. Plate 74 shows in diagrammatic form the proposed
ultimate HV circuit for Openpit No 2. The HV circuit layout and
power requirements would not be affected to any great extent

if the mine access were moved to a position further along the
pit at a later date (see Chapter III), the cnly major difference
being the possibility of the use of overhead lines for feeding

the conveyors on the surface in lieu of the cables used when

in the pit.
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STOCKPILING AKD RECOVERY

7. The same layout as proposed for Openpit No 1 has been
included. This will require re-assessment when the power station

site is finalised,

COAL PREPARATION

8. This has been assumed to be as for Openpit No 1.
However, the results of tests carried out at the NCB Yorkshire
Laboratory, UK, have been compared with earlier test results
and the conclusions are given below

Coal Washability Characteristics

9. "Washability" of coal is assessed in the laboratory
by float and sink analysis in liquids of different specific
gravities. It is, strictly speaking, a measure of the
susceptibility of the coal to gravity separation. Heavy medium
processes closely approximate to pure gravity separation whilst

other processes are more influenced by other factors.

10. The washability characteristics of a typical Hat

Creek coal are shown on Plate 75. These are based on two
samples taken from borehole 75-74 which is located in the centre
of the southern part of the No 2 coal deposit (co-ordinates
48,000' N and 24,428' E) (see Plates 51 and 64). The first
sample was taken from footages 1,678 to 1,844 and was analysed
by Loring Laboratories Ltd in October 1875. (Report No 10464,
dated lst October, 1975 and No 10635, dated 20th October, 1975
{Appendix "G").) This was just one of a large number of samples
analysed by them. The second was taken from footages 1,678 to
1,710 and was analysed by the NCB Yorkshire Laboratory, UK in
March 1976 (Appendix "H"). These samples should not be regarded
as statistically "representative" but are "typical™ of the

Hat Creek coal. They are, however, considerably better than the rom
quality assumed for this report which can be accounted for by
the absence of any allowance for dilution with waste rock during

mining.
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In view of the number of variables involved, coal

washability characteristics can be plotted in a number of ways.
Plate 75 shows five such plots, all of which have been calculated

on & dry basis, ie:-

(i}

(ii)

(iii)

Cumulative Floats (Yield) v

—— A e et i o oy Tt et e e e

This plot shows the yield of below—gfavity material
{ie coal) which would be obtained when washing in a
bath of liquid maintained at that particular specific
gravity. The "gradual" shape of the curve indicates
that the coal is difficult to wash, ie it contains
substantial amounts of '"middlings'". An easily-washed
coal is characterised by a sharp bend in this curve,
ie at one point on it a small change in specific
gravity results in a large change in yield. (For
perfect washability the curve would be L-shaped.)

The plot shows that a somewhat higher yield (cumulative
floats) was obtained in the NCB analysis and this

can be explained by the fact that this sample was
crushed to -} in whereas the Loring sample was crushed
to -3 in, ie better separation of the heavier and

lighter fractions has been achieved.

Cumulative Ash in Floats v

e o e T TS . —— e —— ——
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This plot shows the gravity at which the coal would
have to be washed to obtain a given ash content in
the washed product, eg at 1.6 the ash content would
be 15%.

Cumulative Floats (Yield) v

This plot shows the yield which would, theoretically,
be obtained for a given ash content, eg for 15% ash
the yield would be about 70%.

Ld L L el

L3

(WD R VD R W I G

Ld

Leed L L

L__J

t..J

Y B W |



3

oo
[}

- 31 -

(iv) Cumulative Floats (Yield) v

This plot shows the yield which would be obtained for

a given CV.

(v) Cumulative Ash in Floats v

This plot relates the ash content to the CV of the
product, eg at 15% ash the CV would be 10,500 Btu/lb
{dry basis).

12. The good correspondence of the NCB and Loring curves
(despite the difference in size), serves as a necessary check

on the laboratory methods used.

13. Plate 75 shows the laboratory results of separating

the material at a range of specific gravities and almost perfect
separation can be assumed. Some coal is, however, lost at the
lower gravities because it is intimately associated with ash in
some of the particles. In a commercial plant, however, the

loss of coal would be greater because of the imperfect separation
and the extent of this can only be determined by pilot plant
testing of the processes available. Therefore, all the conclusions

drawn from these results are optimistic.

14, Plate 76(a) shows the sample adjusted for a notional
20% moisture and the positions A, B and C of the various coal

qualities assumed., Good correspondence can be seen.

15. The object of washing the coal is, of course, to

increase its calorific value by reducing the ash content and the
vashability tests give an indication of the results which could,
theoretically, be achieved and also the amount of material which
would be rejected by the washery. These losses must be compensated
by mining more coal and clearly the disposal of the washery

rejects is a major problem in itself., This i1s off-set by the
reduction in fly ash. (lncidentally, the enforcement of strict
particulate emission standards may, in the case of high-ash

coals, make some form of beneficiation unavoidable.)
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185. Using the washability test results (Loring), the coal
gualities and quantities at different points in the system, ie
in-situ, rom (washery feed) and washed (boiler feed)}, and the
rejected tonnages have been calculated. It must be emphasised
that these figures err on the optimistic side for the reasons

given above.

Birtley Assessment

17. Birtley Engineering (Canada) Ltd carried out a
preliminary assessment of the washability of some borehole samples
of Hat Creek coal and reported in August 1975 and a comparison

of the results with those given above indicates that the
washabilifty curves are similar but show somewhat higher yields.

It is felt that this report is somewhat optimistic and may under-
estimate the difficulties of coal preparation, the coal losses
resulting and the costs for the following reasons.-

{i)} No allowance has been made for dilution of the

rom coal with waste.

{ii) No reference is made to the presence of claystones
which are known to cause considerable difficulty
in a similar setting at Centralia, Washington, USA

{iii) De-sliming would result in loss of fine coal and
considerable difficulty would be encountered in

slimes treatment and disposal.

{iv) As a result of the above, the flow sheet suggested

appears to be too simple.

Coal Requirements for Different
Degrees of Washing

18. Chapter III gives the coal qualities and quantities
assuned in this study. Using the same heat input to the power
station, ie 144 x 1012 Btu per annum, the gquantities required

of coals of different calorific values can be approximately
calculated, Table XXXVIII gives the results for boiler feed,
washery feed (ie rom coal) and in-situ coal using the Loring
test results and also the rom coal assumed as the basis of this
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report. Plate 76(b) illustrates the effect of various degrees
of washing on the Loring sample. Since these are expressed on
a dryv basis, all figures have been adjusted to a notional

20% moisture content. The effect of the moisture and ash on

the boiler thermal efficiency has been ignored,

Waste Production

19, Table XXXIX summarises the resulting waste guantities,
including pit rejects (segregated waste), washery rejects and
boiler ash and it can be seen that washing to 15% ash would
increase the total waste by 33% and to 10% by 128%. This table
is based on the Loring above-average sample and the actual

results could well be 20% worse.

20. These waste totals do not include overburden, the
gquantities of which are proportional to the in-situ coal
production. Also there will be a more rapid depletion of reserves
and a further penalty due to earlier advance into higher stripping

ratios.

Moisture Content

21. All this analysis has been based on an assumed moisture
content of 20%. The in-situ moisture content of both coal and
waste is at present unknown. Unless core samples are hermetically
sealed as soon as they are recovered, they will inevitably
aexperience loss of moisture prior to testing. Even immediate
sealing is not without its pitfalls as contact with the drilling
muid affects the moisture content of the core. However, it is

the best that can be done until pitting and bulk sampling is
carried out. It is, therefore, strongly recommended that when
the infill drilling is carried out, selected core samples should
be set aside for this purpose and when bulk samples are being
procured samples should be placed immediately in secaled drums

for moisture determination.

Miscellaneous Characteristics

22. " The tests carried out on the coal illustrate a number

of other factors which have a bearing on its combustion
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properties. The sulphur content is less than 1%, which is
fortunate as it is mainly in the organic form and cannot, there-
fore, be removed by washing. The arsenic content is alsoc low,

a feature which is common when the pyritic sulphur level is low.
As might be expected, the coal has no coking properties. The

ash analysis shows high concentrations of silica and alumina.
This corresponds with the observed high ash fusion temperature
{initial deformation heing over 2,5000 F. The silica ratio

is high (Loring 77%, NCB 88%). This will result in a very viscous
slag and therefore the fuel is more suitable for firing in the
pulverised form than in a cyclone furnace arranged for liquid
slag tapping. The Hardgrove grindability index (Loring 51,

NCB - not measured) is average and should present no particular
problems, particularly as the high volatility will make

extremely fine pulverisation unnecessary. On this basis a target
of 65% through 200 mesh should give acceptable levels of carbon

in dust and grit.

Trace Elements

23. Coal samples taken from borehole 74~-25 (Area 1 deposit)
were analysed for trace elements by Mr. K. Fletcher, who reported
on 2nd April, 1976. He concluded that the only trace elements
which could cause environmental problems were copper and molybdenum,
the former occurring in two samples in concentrations "comparable
to those in many porphyry copper deposits", and the latter in
concentrations "within the range associated with molybdenosis in
cattle". The combustion process will clearly bring about further
concentration in the ash. Therefore, if theée values are wide-
spread, consideration will need to be given to the burial of this
toxic material (eg Montana may stipulate 8 ft of cover). Also
the waste rocks should be tested to make sure that dangerous

trace element concentrations do not occeur in these.

SCHEDULE OF EQUIPMENT

24. Table XL summarises the Schedule of Equipment - Fixed

Installations.
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CHAPTER VI

WASTE AND ASH DISPOSAL

MATERIALS AND QUANTITY

1. From Openpit No 2 there are five types of waste to

be dumped in the surrounding areas. These are:-

(i) superficials
{(ii) pit waste
{(iii) wvolcanics
(iv) segregated waste separated visually from the coal

(v) =ash from the power station.

The quantities produced at each stage of the working of the
deposit are shown in Table XLI. Specifically 1,660 million yd>
of space are required up to the end of the 35-year pit fbetween
Stages 5 and 6), 3,155 million yd3 up to the end of the 600-ft
pit (Stage 8) and 15,808 million yd®
of the 1,500-ft pit (Stage 9). Again these quantities may
require to be modified after experience of working the deposit.

are needed up to the end

DUMPS

2. In the southern portion of the valley, there are
four suitable dump areas designated No 3, 4, 5 and 6 dumps.
These are shown on Plate 77 and the total space available to

selected elevations is shown on Table XLII.

3. The comments in the report on Openpit No 1 apply also
to the dumping for Openpit No 2 with the exception that the
durp elevation in dumps 5 and 6 has been increased to 4,500 ft.
This is possible because of the general increase in altitude

of the valley in a southerly directicon.

DISPOSAL AREAS

4, Space for dumps is considered under these different

conditions:—
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For the 35-year pit
The areas suitable for disposal are shown on

Plate 78 with details of volumes given in Table XLIII.

The volumes to various elevations are:-

106 ya3
Dump No 4 (4,000-ft elevation) 1,080
Dump No 5 (4,100-ft elevation} 671
1,751

(Volume required 1,660 million yd2)

More than half of the superficials will be delivered
to dump 5 by the south conveyor.

For the 600-ft pit
The areas suitable for disposal are shown on

Plate 79 with details of volumes given in Table XLIV.
The volumes available are:-

108 ya®

Tump No 4 (4,000-ft elevation) 1,080
Dump No 5 (4,350-ft elevation) 1,935
Dump No 6 (4,350-ft elevation) 402
3,417

(Volume required 3,155 million yd2)
For the 1,500-ft pit

The wvolume fequired in this case is estimated to be
15,808 million yd3. The total space available in the
vicinity of Openpit No 2 is 4,867 million yd3. It

is clear that waste disposal would be a major problem
and it would be necessary to dump to higher elevations
or to use areas in the north of the valley or outside
the valley for this purpose.
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5. In all three cases the extra space provided if back-
filling were undertaken has not been included.

WASTE TRANSPORT

G. In general, arrangements for disposal of waste would
be the same as for Openpit No 1 except that from 1993 onwards
superficials would be delivered by the south conveyor to dump 5.
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CHAPTER VII

INFRASTRUCTURE AND CIVIL WORKS

HAT CREEK DIVERSION

Object

1. As in Openpit No 1, Hat Creek and its tributaries
must be diverted. The 600-ft boundary of Openpit No 2 has
been taken as the drainage limit and two systems have been

considered.

Diversion Alternatives

2. Two alternatives, each employing a gravity flow

canal along the west side of Openpit No 2, have been considered.

This western canal would divert flows from the headwaters of
Hat Creek and from the creeks entering the area of Openpit No 2
from the western side (ie Crater, Phil, Parke, Lake, McDonald,
McCormick, Anderson, Chipuin). These drain the largest portion
of the catchment from which run-off would flow to Openpit No 2.

3. The first alternative would be to provide a flood
regulating pond at the upper end of the canal to limit the
flow from Hat Creek headwaters to 100 ft3/sec.

4. The other alternative would be to construct the canal
of such a size as to pass unregulated peak flows based on

30-year statistics.

5. On the eastern side of Openpit No 2 a drainage ditch
would divert flows from the headwaters of White Rock Creek and

adjacent creeks into Cashmere and Ambusten Creeks and a second

ditch would intercept flows which would otherwise enter Hat Creek

downstream of the new canal entrance and divert these into the

canal.

6. Due to the topography, no other major diversion works

would be required on the eastern side.
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Data

7. Cost estimates have been based on the unit prices
assumed for Openpit No 1 and pondage volumes have been estimated
from the 10-year records (1961 to 1970) of Station No 08LFC61
situated near Upper Hat Creek. The synthetic hydrograph developed

for Openpit No 1 studies was also used.

Hydrology
8. The catchment areas contributing run off to the main

components of the diversion system would be as follows:-

Area Component Catchment Area
(square miles)
Hat Creek
headwaters Regulating pond 55.0
Western creeks Western canal | 31.0

Headwaters of
White Rock and
adjacent creek Eastern ditch 2.3

Upstream of
Openpit No 2 Southern ditch 1.0
Peak Flows
9. Based on these catchment areas, and the peak 5H0-year

flow of 1,200 ftBﬁ%ﬁ previously estimated for Hat CreeXk upstream
of Openpit No 1, it was estimated that 50-year, unregulated flows

would be approximately as follows:-

Location 50-year Peak Flow
(ft3/sec)
Western canal intake : 470
Western canal outlet 730
Eastern ditch outlet 20
Southern ditch outlet 14
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i0. With regulation of the flow from the headwaters of
Hat Creek into the western canal to 100 ft¥sec,the peak flow at

the outlet of the western canal would be reduced to 360 ftsfsec.

Pondage Requirements

11. The pondage volume required to regulate the flow from
the headwaters of Hat Creek to a maximum of 100 ft%%ec has been
estimated from the records of the daily flows that occurred in
Hat Creek during June of 1964 (the highest of the lb—year record).
During that year, a pond capacity of 860 acre-ft would have been
required. A requirement of 1,000 acre-ft has been assumed for
the preliminary designs and cost estimates.

Selected System

12. The selected system indicated to be the more economical
is that incorporating a flow-regulating pond with the eastern
and southern ditches.

13. The ponding dam would be based near elevation 3,650 ft;
its crest elevation would be 3,685 ft approximately and its

crest length about 1,100 ft. An emergency spillway (sill elevation
3,675 ft) would be provided at the dam to pass flows exceeding

the regulating capacity of the pond. Spilled water would be
conveyed into the bottom of Openpit No 2 by a culvert as described

previously for Openpit No 1.

14. A 4-ft diameter outlet culvert would be provided through
the dam to control flows entering the head of the western canal.
Culvert discharges would be controlled by two sluice gates

operating on the upstream face of the dam.

15. The western canal would be approximately 30,000 ft in
length and would be concrete-lined, with bottom widths wvarying
from 3 ft at the upstream end to 6 ft at the downstream end and
with depths in the range of 4 to 6 ft. The maximum flow velocity
would be 8 ftfseq gradients would range from 0.2% to 0.3%. The
canal would discharge into a natural depression located just
downstream of Openpit No 2 and of Anderson Creek. An amount
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has been included in the cost estimates for stabilising this

depression to prevent erosion from the canal discharges.

16. The general route of the western canal and the eastern
ditches is shown on Plate 64 and the estimated cost of the creek

and road diversion is shown in Table XLV.

ROAD DIVERSION

17. The most logical and economic relocation for the road
would be on the canal bench on the downhill side of the canal,
thereby avoiding culverts and providing one road for both public

use and canal maintenance.

Surface Mine Buildings

18. This item has been assumed to be identical to
Openpit No 1 {see Chapter VII, Report No 2).

Road Construction and Improvement

19. This item has been assumed to be identical to Openpit
No 1 (see Chapter VII, Report No 2).

Services

20. This item has been assumed to be identical to Openpit
No 1 (see Chapter VII, Report No 2).

Housing
21, This jitem has been assumed to be identical to Openpit
No 1 (see Chapter VII, Report No 2).

SCHEDULE OF EQUIPMENT

22, Table XLVI summarises the Schedule of Equipment -

Infrastructure.
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CHAPTER VIII

ECONOMICS
BASIS
1. Exactly the same basis has been used to derive the

economic results for Openpit No 2 as for Openpit No 1

{(Report No 2) and the same sequence of economic tables has been
adopted to facilitate comparison. The same basic financial
data have been used and the main tables are expressed in 1975
Canadian dollars with inflated costs also given.

CAPITAL COSTS

2, ) The following tables deal with capital costs of the
plant equipment and services:-

Table XXXI ~ Mobile Mining Equipment Requirements

Table XL - Schedule of Equipment -~ Fixed Installations

Table XLVI - Schedule of Equipment - Infrastructure.

3. If a bucket-wheel excavator systenm were used for the
removal of superfiecial waste, then the capital cost to start-up
would be increased by about $20 million (see Table XXXVII),

4, Again it should be noted that many of the fixed
installations, eg coal stockpiling and reclaiming and also ash
handling, are strictly not part of the mine but could be con-

sidered to be part of the power plant. The capital cost of this

equipment is again about 334 million.

DIRECT OPERATING COSTS

5. The following tables deal with direct operating costs:-

Table XLVII
Table XLVIII
Table XLIX
Table L

Summary of Electrical Energy Costs

Labour Schedule and Payroll Costs
Materials and Fuel Cost Summary

Direct Operating Cost Summary
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Electrical Energy

6. If a bucket-wheel excavator system were used, the
electrical power consumption, and hence the electrical energy

costs, would increase and this is allowed for in Table XXXVI.

Labour

7. Appendix "I"™ gives the labour requirements for
Openpit No 2 and it will be noted that the total labour force
is estimated at 726 compared with 662 for Openpit No 1 - a
result of the greater volumes of material to be moved.

Managerial, Technical and
Administrative Staff

8. It has been assumed that the difference in staffing
between Cpenpit No 1 and 2 would be negligible and hence
Table XIX (Report No 2) applies also in this case.

~

TOTAL INVESTMENT AND
CAPITAL CHARGES

9. The following tables deal with these items:--

Table LI - Depreclation Summary

Table LII - Capital Investment, Interest during
Construction, Interest and Insurance

PRODUCTION COST (1975 PRICES)
- 600-FT PIT

10. Table LIII, Coal Production Cost (rom) shows the

development of the production cost in the same way as Table XXIV

for Openpit No 1. Again the coal handling and ash disposal

element would be about 80¢/ton rom. It will be noted that, after

the initial development period, the cost remains fairly steady
at about $7.50 until the pit begins to widen out in Stage 6
when it increases rapidly. This is a consequence of selecting

Scheme B, ie developing a long, narrow pit before widening out.

11. The use of a bucket-wheel excavator system for the
removal of superficials could result in a saving of about

43¢/ton (Table XXXVII).
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PRODUCTION COST (1975 PRICES)
- 1,500-FT PIT
12. As mentioned in Chapter III, para 13, a pit down to

the 2,000-ft elevation (1,500-ft pit) has been postulated.

The instantaneous stripping ratio at the probable limit of that pit
is 15.4 bank ydslshort ton rom. Again the approximate production

cost at the probable 1limit has been extrapolated as for Openpit
No 1 (see Plate 43, Report No 2). This results in a production
cost of about $17/ton as compared with $10/ton at the limit of
the 600-ft pit.

DISCOUNTED CASH FLOW
(1975 PRICES)

13. Table LIV shows the cash flow of the expenses and the
calculation of the uniform selling prices which would yield an
internal rate of return of 15% and 10%. Exactly the same
method of calculation has been used as in Report No 2. The

uniform selling prices which result are:-

6

$ per ton ¢ per 10~ Btu
15% discount factor 11.38 104
10% discount factor 9,22 84

Plate B0 shows these uniform selling prices compared with the
production cost, The price calculated on 10% discount factor
can be regarded as the equivalent of the production cost

which includes 10% interest because it has been assumed that

all the capital is borrowed. Plate 80 also shows the same curves

for Openpit No 1 for comparison,

CONFIDENCE LIMITS OF ESTIMATED
SELLING PRICE

14. The guestion of the level of confidence which can be
attached to these selling prices is discussed in Chapter VIII,
Report No 2 and the comparable "maximum', "mean” and "minimum"
mine-mouth selling prices have been calculated after deduction
of 80¢/ton for coal handling and ash disposal costs, ie:-
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Coal Prices, &/ton

Discount rate 10% 15%

Uniform selling price including
coal handling and ash disposal

costs 9.22 11.38
Coal handling and ash diéposal

costs 0.80 0.80
"Maximum" mine-mouth selling price 8.42 © 10.58
"Mgan'' mine-mouth selling price 7.58 9,52
"Minimum" mine-mouth selling price 6.82 8.57

Again, probable areas of cost saving include steeper slopes, less
blasting and earlier economic cut-off (depending on availability
of reserves). In addition, the use of a bucket-wheel excavator

system instead of scrapers for the removal of superficials would

result in a saving of about 43¢/ton.

LIFE OF OPENPIT NO 2

15. As mentioned in Chapter III, para 14, unlike Openpit
No 1 the reserves of coal in the 600-ft pit are more than
adequate for 35 years of power plant operation, in fact the
pit would only reach Stage 6 during this period. The economic
estimates have, therefore, been made on this basis rather than

on a2 30-year basis as in the case of Openpit No 1.

Production Cost (Inflated)

16. The same procedure has been followed as in Report No 2
and Table LV gives the resulting inflated production costs.
According to this calculation, the production cost would increase
from $16.31 per short ton rom in Stage 3 (the lowest value) to
$75.45 in Stage 6 {vears 20192 to 2020).

Discounted Cash Flow (Inflated)

17. The same procedure has been followed as in Report No 2
and Table LVI gives the resulting inflated uniform selling price
at 15% discount factor, ie $22.19 per ton (202¢/106 Btu) which
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is about twice the uninflated figure. At 10% discount the
corresponding prices are 321,59 per ton and 196¢/105 Btu. The
small difference in the prices at 15% and 10% discount is due
to the higher discount off-setting the inflation to a greater
extent,

OPPORTUNITY VALUE OF
HAT CREEK COAL

18. The concept of the opportunity value of Hat Creek coal
was discussed in Report No 2 (Openpit No 1). This was con-
sidered in the context of an international crude o0il price of
$11/bbl and the then ruling internal Canadian price of $8/bbl,
though it was predicted that it would only be a matter of time
before the internal price rose to the international level.

19. Such a rise is now imminent. It has been reported in
"Petroleum Economist™ (June 1976) that the federal government is
to raise the controlled price to $9.05/bbl as from 1lst July, 1976
and to make a further increase to $9.75/bbl with effect from

January 1977. This will obviously further improve the opportunity

value of Hat Creek coal vis-a-vis o0il. The relevant values can
be obtained from Plate 45 (Report No 2).

20. The same announcement gives details of parallel
increases in natural gas prices. The ''city gate' price at
Toronto will go up from $1.25/10% Btu to $1.40/106 Btu
and then to $1.50/106 Btu.

Break—-even Stripping Ratio

21. The break-even stripping ratio for a given coal value
can again be determined from Plate 46 (Report No 2).
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CHAPTER IX

SUMMARY AND CONCLUSIONS

GENERAL

1. Systematic geological investigation of the coal
deposits in the Hat Creek valley since 1957 has resulted in the
jdentification of two main deposits (which may be contiguous in
depth), designated Area 1 in the north of the valley (downstream)
and Area 2 in the south of the valley (upstream). The object of
the current studies is to develop conceptual mines (designated
Openpit No 1 and 2 respectively) in these areas and to compare
them so that decisions can be taken as follows:-

(i) Whether either or both can be expleoited econcmically
for electriec power generation (2,000-MW plant) in

the first instance or for other uses,
(ii) Which pit should be developed first.

{iii) Whether both pits would need to be developed and,
if so, the phasing of this development.

2. To this end, separate studies have been made on the
two conceptual pits, the first (Report No 2), dealing with
Openpit No 1, being completed in May 1976 and the second being
the subject of this report. In order to make valid comparisons
and in view of the shortage of data, in certain areas the two
studies are based on-the same assumptions, follow parallel logic
and adopt a similar format. The mine design and economic
calculations have been carried out tc the same level of confidence.
In both cases, practical systems have been selected without
detailed optimisation. Unless attention has been drawn to
divergencies between the two pits, it may be assumed that the

same considerations apply.
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GEOLOGICAL AND GEOTECHNICAL
CONSIDERATIONS

3. The geological and geotechnical environments of the
two pits are very similar, the main difference being the shape
of the deposits. The Area 2 deposit is longer, narrower and
deeper and is covered with greater thicknesses of o?erburden.
For this reascn it was believed, prima facie, that Area 1 was
more favourable, and this has been verified. However, Area 2
contains considerably greater reserves of ccal, although much
of this is so deep that the prospects for its exploitation,

at least by surface mining, are doubtful. The prospects for
underground mining are worse than in Area 1 because of the

greater depth.

MINE DESIGN

4, Exactly the same principles have been used in developing
the design of the two openpits, but owing to the elongated shape
of the Area 2 deposit, Openpit No 2 will be elongated and less
circular than Openpit No 1. This shape may lead to greater slope
stability problems. The main means of access into the pits

which has been selected is a long incline at the north end where
the cover is least. These would suit power station sites north

of the deposits but if another site were selected con31derat10n_

would be given to changing the location of the inclines.

Depth

5. In each case a nominal depth of pit of 600 ft has been
used although a conceptual 1,500-ft pit has also been considered.
It is reasonable to assume (in the absence of adequate geotechnical
data) that a 600-ft pit is feasible but the 1,500-ft pit cannot,
at present, be considered prima facie feasible leaving aside all
questions of economics. The 600~-ft pit in Area 1 contains
reserves 0f coal sufficient only for 30 year of 2,000-MW power
plant operation, although it is confidently expected that further
reserves may be proved to extend the pit for the full 35 years
life specified. In the case of Openpit No 2, the 600-ft pit
contains ample reserves for the 35 years. In both pits, but
particularly in Openpit No 2, considerable coal resoufces exist
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at greater depth although this may not be economically mineable
by surface mines. Underground mining would be extremely

difficult and also uneconcmic at current price levels.

Bucket-Wheel Excavator Systems

6. It was considered from the outset that the possibility
existed of using bucket-wheel excavator/conveyor systems because
of the weak nature of many of the rocks present in the valley.
However, the gecmetry of Openpit No 1 does not fit such systems
very well (although conveyor/spreader systems were adopted for
waste disposal). In the case of Openpit No 2, the geometry of
the deposit is more favourable and the quantities of weak rocks
(eg superficials) are much greater and therefore a scheme has
been drawn up as an alfternative to the large fleet of scrapers.
This appears to offer the possibility of saving 43¢/ton of

coal, although the front-end capital expenditure is higher. The
success of such a scheme depends, of course, on the absence of
large quantities of hard rock (eg boulders) in the waste which
cannot be handled by the system - which is unknown at present.

ENVIRONMENTAL CONSIDERATIONS

7. _ Openpit No 2 is less favourable from an environmental
point of view because of the larger guantities of waste material
involved. However, after some 20 years it may be possible to

backfill the north end of the pit. The size of the pit is greater

and hence the total area of despoilation is greater. The Hat
Creek diversion problem is easier because the pit is further
upstream and it is possible to arrange a gravity-flow canal, at
least around the 600-ft pit. Openpit ¥No 2, being higher up the
valley, will leave the northern end of the valley relatively

free from interference as far as the mine is concerned.

COMPARISON OF CPENPIT NO 1 AND 2

8. Table LVII lists some of the significant features of
the two pits and in all cases except the coal reserves within
the pits, Openpit No 2 compares unfavourahly with Openpit No 1.

The economic comparisons are particularly important. The capital
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investment to start-up is 118% greater (and would be even more
using bucket-wheel excavators) and the uniform selling price

(15% discount basis) 79% greater.

CONCLUSION

9. It is concluded that the results of these studies
confirm the preliminary conclusion that Openpit No 1 was the most
favourable for first exploitation despite the short-fall in coal
reserves in the 600-ft pit.
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APPENDIX "F"

LIST OF DOCUMENTS AND DEAWINGS
RECEIVED BY PD-NCB FROM
24TH FEBRUARY TO 7TH JUNE, 1976

"A Preliminary Assessment of the Washability of Coal
from the Hat Creek Property of BC Hydro with an LEstimate
of the Capital and Operating Costs of a Preparation
Plant”. Birtley Engineering (Canada) Ltd, August 1975.

"Analyses of Hat Creek Coals'. K. Fletcher, 2nd April, 1976.

"Palynological Zonation and Correlation of Hat Creek Core

Samples".

Covering letter with the above report from G.E. Rouse

to Lisle Jory.
E-W and N-S sections of No 2 coal deposit, 1in to 200 ft.

Graphical logs of boreholes 76-111, 76-112, 76~112A,
76-113, 76-114, 76-115, 76-116, 76-117, 76-118 and 76-119.

Drill hole water level records from December, 1974 to
March 1976G.



APPEXDIX

1an

ANALYSES OF SAMPLES FROM

BOREHCOLE NG 75-~74

BOLMAGE CAMPBELL & ASSOCIATES LIMITED

{"CicoUvER, BRITISH COLUMBIA
w<NADA

QLIENT:

_ WJECT: Hat Creek Coal

B.C. Hydro & Power Authority

£29 Beaverdam R4, NUE.
Calgary 67. Alberta

LoriNg LARORATORIZS L¥D. ™

Fhone 274-2777

Date: Cctober 1, 1975

D.D.H., T5-Th
sample Wo.74~409 (#L,1=%.5)
Footage 1678-184),

.pfn/a?zflélm-,,zc

I S ronceod AccraupT

Aririch Colub:.

R

Width 1667
. Analysis Report No.1046), é
PROXIMATE ANALYSIS ULTIMATE ANALYSIS % Weight !
fj__ As Rectd. Dry Basis Lab Basis As Rec'd. Dry Basis Lab Ba
Fi - Toh H20 - 7Tk
Tsh 28,1}, 25.96 51.00 17.05
oM. | 35.72 32.96 4.81 Loy
.. 36.14 33.34 N 1.05 _ 97
‘Bi'u' 8,723 : 8,048 cl Trace Tracﬁ,
- S .80 «Tis
S - .80 o Th o
" Alk. Ash 28.14 25.94
s Naz20 0 {(diff) 14.20 13.1C
FUSION TEMP. OF ASH MINERAL ANALYSIS % Wt.  lgnited Bas
Tnitial Def. Reii%?}n' Oj-l.’a%f{)m P205 .15
~ (HeW) 42610 +2610 $i02 738
AP 2640 +2640 Fe203 5.72
Aluid +2640 +2640 A1203 31.01
* EQUILIBRIUM MOISTURE = Ti02 1.92
~ARDGROVE GRIND. INDEX = 51 Cad 749
. 3ULPEUR FORMS Mg0 b5
Fyritic = %8 .16 503 3.4
_sulphzte % 8 L1 K20 .10 '
;Jrgamlc 48 .63  Na20 .93 !
L?Dtal %S .80 Undetermined .91 %



T

.
B
VA \:
g . K
£ —— ———e— Yy
& R Y
kd R
F PR S
——— L Ty .ql-!-——\-—w--— a
i g A
i nl Lo

bt Irataa ol
EANUTT

a'.-—~=.. e N
TN

LD AT
b Srara L

e

COZULETIA

N

=3 LID.

-

—.r‘.‘,

[ _...._J\,_,J....L-..a...z - \..

Phons 274-2777

—_

G.2

LT, T o

- s .- oy
JUPES WSS L

G253 Deoavoerdom TSI NLL

Calzary 67, Alsarte

Octozer 20, 1975
Moo 7574

0ot 7L-T09 {1-75)

Sample K
I ZeCe Eycro & Power Authority - o
ro . Footage: 1678718141
FE003Z0Tr Hzt Cresk Coa
Widtn? 16560
Analysis Report No. 10635
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=Kl ) _BASIS _ CAORIFIC
SINX | oCiT % WT, & VOIST,. % ASH % SULPHUR VALUZ,270/1b
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1&?9

1,80
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A 20 1b sample of coul from a borehole core was left at the Corex
Laboratoriss by Mre 5.C. Brealey, Director of P.D.-MN.C.D, Consuliants
Iinitedy with a reguest for analysis,

Tre sanple was talen from a oplit core anproximately two inches in
diamater obtained by diamond drilling. The details given were as follows:

( Sapple Number 2ol

\ B.H. Numher 7571
Depth 1678-4710 £t
Location Arez 2

] The coal was described as "typical' of the vast guantity of coal in
the Eat Creck valley although it counld not be regarded as in any way
Nirepresentative'. ‘

LNMPIE PREPARATION

L

The sample was roughly crushed to minus +in and about half of it
{about 10 1hs) removed for fleat snd sink analysis.

(‘ Trom the remainder two samples were preparcd:

One <0.5zm for maceral and reflectance analysis and
one <0.2rm for proximate, ultimate and other analyses.

The results of the various analytical tests and the petrographic and
PQIVRDIO"lcﬁl investigation are swmeariscd in the following pages.
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ATALYSTS

Sarple crushed to -lin square

DRY BASIS :
: WVeight % Moisture :
Specific Gravity % (Alr dried basis) | % Ash | % Sulphur |Calorific Value ;
Btu/1b :
( \
ts 130 25.0 7.8 7.05 0,75 13690 .
5 1.30 Floats 1 40 22.3 702 11.28 0,71 11?60 /
5 140 Floats 1,50 1508 7.0 17,94 0.80 11510
\ .
\ 7
3 1.50 Floats 1.60 1069 50 2647 074 111503,,«-
\
s 1060 Floats 1,70 705 505 3l 0.71 1116 \,\
L
3 1,70 Fioats 1,80 Sel 4,8 41,15 0,67 107.0 .
s 1.80 130 2,7 67430 0,90 §110 _‘ !
\ !
. [, . %
Tobod 10040 23,70 0.76 110890 :

I am very sorry that some errors occurred in our report No. CL 9,
please accept my apologies,

The correct Czlorific Values, calculated to the dry-cozl basis,

the above correctzd values for calorific valus in

Ta 1
the

which were telephon=d to you on Friday are confirmed in the following
table:-
Specific Gravity Calorific Value 3tu/lb, (drv basis)

Floats 1.30 11,790

Sinks 1.30 Floats 1.40 11,140

Sinks 1.40 Fleoais 1.50 10,160

Sinks 1.50 =loats 1.60 8,920

Sinks 1,60 Floats 1.70 7,750

Sinks 1.70 Floats 1.80 6,620

Sinks 1,89 2,720

Total 9,290

Please corract your copies of the revort in 1 by substituting

S

a5t column,

———
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TLOLE 2e ANATYSIS OF <027 CRA]

| !

;;u Yeouived Dosds i Loy busans | Dry Ach Mrec Bacis
STUATT SIALYSIS 9
‘nizture 1103 . -
an 2263 2501 -
aiztile Matter 3207 25.9 kg.2
*$::2d Carbon 357 38.0

- - Gross Net

zlorific Value Btu/lb 8130 2660 12210

fotzl Sulphur
?yrig_; Sulphur

3ulpaate Sulphur

irganic Sulphur
Phosphorus

¥ FHSToN ”:“““nﬁnjo ¢
T seni-reducing atmosphere)

e wrere:

il EhalYlo R

- ey

0,68
0007
0,02
0,59
0,021
1,50

1400+
1400+
1400+

0,77
0.08
0,02
0.67
0,02l

71,03
5.k9
1035
0,0
1,03

21,01

B.5.S, Humbex
s Gray King Colie

Didoteoratyy

Typ

o)
no

(R‘:‘.’ﬂr Dilato: wocter )

I':oCuBo C..H .{1

ITunteyrroiioeral
Cedz N Voo

ke

TTyge Iy
riusnnr

Clazsiiieotion

0]
A

100 contr cticn
at 5C

02

°Co
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LR E+E ) :
.L:-.'TSI-J'_I jJn ..f'.af'TJ 3

o
Silica as sme Sh.6
Tron as F0203 4,8
lingresiun as Mgl 0.5
Calcium as Cal 2671
Aluminiun as A1203 %31
Titaniwm as TiD2 el
Sodius as ﬂaOz 1e2
Potassinm as Kao Q.3
Phosphorus as P205 027
Sulphur as 503 Y
Undetermined 0.23

5ilica Ratio 88.1
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EABLT A AIALYSIS OF SHALY SAlepos
Hard Shale Frapgile Shale
(Carbonate 7) | (tudstone 27
% Loss ir vsight in nitrogen at 105°C Fl Selt
055 on ignitien at 200°C 501 602
S:L'C}2 13.9 5961
Te 0 ik
- 32-.'3 i .00 3:2
¥z0 202 1.0
Cz0 1G4 0.9
% ‘ 2
ft__zc-_ﬁ 15¢9 .__‘Jog
T30 0.6 1.0
2
Haao Oc2 1.0
.0 0.1 1.1
Lz _
P_O. 2.0 0ol
£ 2
cd 27,1 0.8
2 :
Valer and Organic Matter 10.0 10.0
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Faceral group and

Facera Volume &
Mineral COmpJolthH © 1 VRS

Huminite 83.0

Liptinite Sporinite 0okt

VLY VRO 1 MEABTLARG O Y AT AL L e

. Resinite 2ol
\f - - -
Inertinite 0.6
Clay mineral 13k
3 Pyrites 0.2
%’3
8
£ REFLECTANCH
; Ry ranre Frequency

0.20 =« 0,29 27

0.20 - 0.39 57
; 0.40 ~ 0,49 16
i

e maximun reflectzance in oil 0,344 (2t 546 nn end in oil RT 1.513).

: LuSCRIPTICH 07 COA

The coal is mainly cowposed of the maceral. sub groups Humotel ’
: Humodetrinite and Humocollinite. Tha Husotelinite is mainly composed of the
o ro

paceral ulminite. Sporinite and resinite are present in smnll i

&
5
<
(4]

ond arc
i the pain pacerals of the Leptimite groups, Macerals of the inertinite group are
3 arc mzinly represented by sclerotinite (fun"al Lpore

finely dispersed throusgh ruch of the huminite buv also
articies of shaleo

Framinat ion of the pieces of coel showed that the bedding ic very disbtorted,

v
4
3

3
(¥}
iOne piece of dull coal was found to consist of shale and carbonzceous shales
£ s

Erbodded in the shale were several resin bodies 2-Semm in lengtn. A picce of

coxl °c]cctcd for its brizht alpearance contain cl a large omount of sulizicrosceploenlly
dicoorsed resin which imparted an orange tint fo certain bands.
i

50T U\ £ ey
PALYNOT GO

—————— e e mn

L

1 ed 11117 » 3 ryr e
g Various mucecation retheds were tried and all gave sinilar resulis. Very fou
%? ynomorphs ware recognised comprising very few speclese  Tho fcr“s ere nainly
£ s 3 o
;vhin wlled and vnorn “”‘Ji”d routly within the size ro 25235 Jwme Fwem the
: et N Tenny T e
iccrliviorn of the palynenorphs it would appeav thzi the ~inal envivonnans ofF
fa oA -4 et mmaneTen B Thic ;o
S sition moy not have been favourable for their preserviiian. ETZR R

. . IR T o .. .-
Sundant palynoworpihs vere the rou -t of funsnl cporen,
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Based on its volatile matter content (d.a.f,) and calorific valua
(aefo Taw coal) the coal would be classed according to the Germanm (DIN)
clazgification as a Hattbraunkohle and according to the American (AST:)
classirication as a sub bitusinous B rank coal. However, the measured
raxinun reflectance in oil is lower thon the values generally recogniscd
for ccals of this rank (0.4 - 0.5%). Coals having a R max of 0.3% would be
classed as Lignite in the American system. %he microscopic evidence suzgests
that the coal has reached the late lignite (Mattbraunkohle) stage of
coalification since ulminite is the predeminant maceral of the humotelinite
sub group. Tne formation of this maceral takes place at about this rank
stage as a result of the process of geochemical gelification.
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APPENDIX "1I"

LABOUR REQUIREMENTS

MINE LABOUR FORCE

1. The mining labour requiremenis and associated wage
costs related to the development and coperation of the mine,
but excluding building and construction work, are shown in
Table XLVIII. It will be noted that an initial labour force
of some 400 employees is required during the pre-production
stage. The peak labour requirement is reached in Stage 4 at
a total of 726 employees apportioned to the major sections of
the mine operation as follows:-

Mobile mining equipment 544
Fixed installatiouns 142
Infrastructure 40
Total 726
2. The three categories of operators shown in Table XLVIII,

and the hourly rates of pay, are the same as those used in

Report No 2.

MANAGERIAL, TECHNICAL AND

ADMINISTRATIVE STAFF

3. The numbers of managerial, technical and administrative

staff are identical to the requirements in Report No 2.
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Explanatory Note

There are a number of minor discrepancies 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.
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TABLE

BASIC PLANNING

DATA

Density of in-situ coal

Swell

Swell factor

Density of in-situ waste in coal
Swell

Swell factor

Density of superficial deposits
Swell

Swell factor

Density of claystone
{assumed wet)

Swell

Swell factor

Density of in-situ marble

Swell

Swell factor

Density of in-situ volcanics
Swell

Swell factor

Estimated in-situ waste content

Estimated waste extraction by
selective mining

Waste remaining in rom coal
Working days per year

Hours per shift

Teams of men

No of producing shifts per week

NHo of maintenance shifts per week

1.39 tons/bank ydS
25%
0.8
1.87 toqs/bank yd3
50%
0.67
1.56 tons/bank yd3
15%
0.87

1.87 tons/bank ydd

40%

0.715

2.3 tons/bank yd3
50%

0.67

2.2 tons/bank yd3
50%

0.67

22%

15%

7%

350

20
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HAT CREEK Il

-

g TABLE XXXIII

. MOBILE EQUIPMENT - MACHINE /ACTIVITY

- COSTS EXPRESSED AS PERCENTAGES

- - % Total . % Total

.; Activity Cost Machine Type Cost
Superficials 33 Shovels 6

8 Pit Waste 29 Trucks 47
Coal Extraction | 22 Scrapers 24

. Segregated Waste 4 Drills and Compressors 4

- *Volecanics 12 Bulldozers 7

e Graders 5

: Others 7

—{ 100 100

a * Note that zwillary equipment is included

- in pit waste total.




(M

r TABLE XXXTV
— SCHEDULE OF TYPICAL EQUIPMENT
?' Category Type Manufacturer | Model Capacity
r‘ Shovel Electric Bucyrus Eyrie 195 |15 de
i Drilis ( | Compressed air | Gardner Denver | 31004 | 4~in holes
] ( | Electric Bucyrus Eyrie G6OR | 9"-121"holes
+-| Compressors Diesel Gardner Denver | SP600 | 600 ft3/min
| Off-highway trucks Diesel Wabco 150 C | 117 tons coal
"1 Bulldozers Diesel Caterpillar DOH -
T‘ 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 galg
iﬂ Bucket wheel excavator | Electric Knupp 500C | 2,000 yda/hr
L NOTE: The manufacturers' names and model numbers have been

7 given to enable production details and costs to he
—~( specified concisely. They are not intended to indicate

any preference.



TABLE XXXV

HAT CREEK II

Time Schedule for superficials removal

by bucket wheel excavator

Volume

of Cumu - Date Time |Comple-| Mining Cumu-
super- |y iive for for |tion Scheduled| lative
Block |ficials Volume | cOmTNENce - removal |date Date super-
in ' ment ficials
block3 to be
(106yd moved
bank) (Yrs,)
XA 15 15 1979/80 0.75 Dec,'81 1983 19
Aa’ 49 64 |Jan,.82 2.5 Jul,'84 | Jul.85 60
a'B 71 135 Sep. 84 3.5 Mar.88
B b' 91 226 May 88 4,5 Dec.92 Jul,93 239
b' C 86 312 Mar,92 4.3 Jul,97
Cc' 81 323 Sep.97 4,1 Oct. July 366
2001 2004

C' D 83 476 Dec.2001 4,2 March
2006

D a 54 560 May 2005 4.2 Auzust July 565
2010 2016

Based on extraction rate of 20 x 106 yd3

superficials per annum,

Note that mining schedule dates are for pit completion and
superficials are required to be removed ahead of that date.

All volumes in 109 b yd3
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TABLE XXX\/‘

HAT CREEK II

COST OF SUPERFIChISREMOVAL AND DUMPING

(COSTS Iﬂ$ 000's)

? No. | Cost [Add 10% Years Annual Average Interest | Cost of
% off initial Depreciation| Depreciation| Investment on - Total In pit
i Item spares including Investment| Cost Portion
initial (10%)
Spares
: Bucket Wheel Excavator. (say 6 564
Knupp C 500) 2 5000 5500 20 275 2888 289 564
Pit Bench Conveyor (2250 ft) 2 2480 2728 . 10 273 1500 150 423 423
Cross Collecting Conveyor 2 3300 3630 10 363 1997 200 563 563
(3000 ft) .
) Main in pit conveyor (2250 ft) 5 6200 6820 10 682 3751 375 1057 1057
Spoil conveyor (S. Side)
(16000 ft) 1 | 8800 | 9680 10 968 5324 532 1500
Slowing conveyor (4000 £t) 1 2200 2420 10 242 1331 133 375
Boom Stacker 1 3100 3410 - 20 170 1790 179 349
Cables and O.H. line to S.Side 600 660 . 20 33 347 35} 68 68
Electrics in pit - Substations 12 1200 1320 20 66 693 69. 135 101
Trailing cables 1000 ft 248 273 2 137 205 21 158 126
Total ownership cost 3209 1 5192 2902
Operating Cost
Labour BWE operator , 8
Conveyor mechanics 12
Conveyor operators 16
¢ ) Stacker operators 4
Engineering staff 12
Total 52 at 2080 hrs each and $8.50. average cost 915
Spares and maintenance @ 20% depreciation i ) . 642
Power cost (8830 kW for 5000 hrs @ .01l S/kWh) | 486
Lubricants ete. | ; 64
Total Annual operating cost ' 2107
Total Cost . ' 7299
Cost per yd3 (bank) superficials at 20 x 106yd3 per annum . 0.365 §

As stacker and associated belt are common to both shovel and BWE systems

Cost of BWE system in pit to deliver to main spoil conveyor is :-

Ownership cost 2902

: Labour (31) ' 645
i Spares maintenance L 358
: Power 5000 kW 275
Lubricants etc. , 36

- | 4216

Cost/yd3 (bank) to remove & transport superficials out of pit 0.211 $
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TABLE XXXVIII

COAL REQUIREMENTS FOR DIFFERENT DEGREES OF

WASHING - BASED ON IORING TESTS ON

SAMPLE FROM BOREHOLE NO 75-74

At

At

In

bhoilers:

Calorific value,
{Btu/1b)

Moisture, %
Ash, %

Boiler feed
reguirement, (106 tpa)

washery:
Estimated yield, %

Was%ery rejects,
(10° tpa)

Washery feed (ie rom)
requirement, (106 tpa)

pit:
Pit rejects,

(108 tpa)*

In-situ coal

regquirement (106

tpa)*

Rom coal as Laboratory Sample
assumed 1in
this report . .
Washing to|Washing to
{(unwashed) |Unwashed 15% ash 10% ash
9,500 6,700 8,000 8,800
20 20 20 20
az 22.4 15 i0
13.1 10.7 9.0 8.2
100 100 80 56
0 V] 2.3 6.4
13.1 10.7 11.3 14,6
2.3 1.9 2.0 2.6
15.4 12.6 13.3 17.2

* hbased on same selective mining as
discussed in Chapter III

Note:

Y -
Ash -

Sample (dry basis):-

8,400 Btu/lb

28%




TABLE XXXIX

COMPARISON OF WASTE PRODUCTION
DUE TO WASHING

(108 tpa)

Rom coal as Laboratory Sample

assumed in

(iawashed) | Unwashed | VASHINE to| Washing to
Pit rejects 2.3 1.9 2.0 2.6
Washery rejects - - 2.3 6.4
Boiler dust and
grit 4.2 2.4 1.4 0.8
Total rejects 6.5 4.3 5.7 9.8
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TABLE XLI1I

TOTAL DUMPING SPACE AVAILAELE

Units - 106 yd<°

BN

No. 3 DumpiNo. 4 Dump |No. 5 Dump |No. 6 Dump Total
Elevation
(ft
Elev.| Cum. |Elev.| Cum.|Elev.| Cum.|Elev.{Cum.|Elev.!| Cumn.
3,200-3,300 - - 8 8 - - - - 8 8
3,300-3,400 - - 29 37 - - - - 29 37
3,400-3,500 - - 52 89 - - - - 52 89
3,500-3,600, 11 11 100 189 - - - - 111 200
2,600-3,700 21 32 143 332 - - - - 164 364
3,700-3,800] 27 59 197 529 21 21 - - 245 609
3,800-3,900, 33 92 244 773} 105 126 1 1 383 892
$,900-4,000 36 128 307 |1,0801214 540 13 14 57C¢ 1,562
4,000-4,100, - | 128 - 11,080 331 671 50 { 64 | 381 |1,943
4,100-4,200, ~ 128 - 1,080(434 |1,105 99 | 163 033 [2,476
'é,200—é,300' - 128 - 1,080( 528 11,633 143 | 306 671 13,147
' £,300-4,400 - 128 - 1,080]{ 604 {2,237 193 | 459 797 (3,944
4,400-4,500 - 128 - 1,080;676 |2,913 1 247 | 746 9232 |4,887

BEzfer to Plate %7




TABLE XLIII

DUMPING SPACE AVAILABLE IN DUMPS 4 ARD 5

Units - 106 yds

Dump No. 4 Dump No. 5 Total
Elevation
(ft)

Elev. Cum. Elev. Cum. Elev. Cum.
3,200-3, 300 8 8 - - 8 8
3,300-3,400 29 37 - - 29 37
3,400-3,500 52 89 - - 52 89
3,500-3,600 100 189 - - 100 189
3,600-3,700 143 332 - - 143 332
3,700-3, 800 197 529 21 21 218 350
3,800-3,200 244 773 105 126 349 899
3,900-4,000 307 | 1,080 214 340 521 1,420
4,000-4,100 - 1,080 331 671 331 1,751
4,100-4,200 - 1,080 434 1,106 434 2,185
4,200-4,300 - 1,080 528 1,633 528 2,713
4,300-4,400 - .1,080 604 2,237 604 3,317
4,400-4,500 - 1,080 676 2,913 676 { 3,893

Refer to Plate 78



TABLE XLIV
HAT CREEK NO. 2 DEPOSIT

DUMPING SPACE AVAITLABLE IN DUMPS 4, 5 AND §

Units - 106 ydB

Elevation No. 4 Dump No. 5 Dump No. 6 Dump Total
(ft)
Elev. Cum. |Elev, Cum., | Elev. Cum.; Elev. Cum.

3,200-3,300 8 -8 - - - - 8 8
3,300-3,400] 29 371 - - - - 23 37
3,400-3,500 52 g9 - - - - 52 89
3,500-3,600[ 100 | 189 - - - - 100 182
3,600-3,700; 143 333 - - - - 143 332
3,700-3,800 197 528 21 21 - - 218 850
3,800-3,900{ 244 773| 105 126 1 1 350 900
3,800-4,000; 307 1,080| 214 340 12 14 534 1,434
4,000-4,100, - 1,080] 331 671 50 64 381 1,815
4,100-4,200 - 1,080 434 1,105 a9 183 233 2,348
4,200-4,300 - 1,080 528 1,633 143 306 671 3,019
4,300-4,400 - 1,08C| 604 2,237 193 499 797 3,816
4,400-4,500 - 1,080 676 2,913 247 746 923 4,739

Refer to Plate 79



TABLE XLV

HAT CREEK DIVERSION -
ESTIMATED COST

Amount
3

Ponding dam and spillway 350,000
Dam outlet culvert 60,000
Western canal 1,775,000
Pit-wall conduit 76,000
Eastern and southern ditches 50,000
Sub-total 2,311,000
Engineering and

contingencies *25% 579,000
Total 2,890,000

Notes: 1. The amount included for the westernm canal provides
for a one-lane maintenance road adjacent to the
canal. Widening of this road for the relocation
of the Hat Creek road would cost an additional
$200,000, very approximately.

2., It is emphasised that these estimates are very
approximate due to lack of detailed hydrological,
topographic and geological information.
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TABLE LVII

COMPARISON OF OPENPIT NO 1 AND 2

Minimum cover
Maximum vertical height
of pit slope:
600-ft pit
1,500-ft pit
Elevation of pit floor:
600-ft pit
1,500-ft pit
Area of excavation:
600-ft pit
1,500-ft pit
Approximate maximum area
of disturbance:
600-ft pit

Rom coal reserves within:

600-ft pit
1,500-ft pit

Total waste rock within:
600-ft pit
1,500-ft pit

Overall stripping ratio:
600-ft pit

1,500-ft pit

Instantaneous stripping
ratio at pit limits:

600-ft pit

1,500-ft pit

Capital investment to
start up (600-ft pit)

Uniform selling price
(mean) (600-ft pit):
10% discount
15% discount
On thermal basis:

10% discount
15% discount

Openpit | Openpit .
No 1 No 2 Unit
0 25 It
1,150 2,100 ft
2,500 3,000 £t
2,400 2,900 ft
1,500 2,000 ft
2,000 4,000 acres
5,000 10,000 acres
8,000 20,000 acres
385 664 | 108 short ton
775 3,397 | 106 short ton
885 2,176 | 106 bank yd3
1,701 | 10,653 | 10 bank yd3
2.3 3.3 | bank yd3/short
ton rom3
2.2 3.1 bank yd°/short
ton rom
7.7 11.0 | bank yd3/short
ton rom
13.7 15.4 | bank yd3/short
ton rom
134 292 10% 8
5.63 9.22 $/short ton rom
6.35 11.38 $/short ton rom
51 84 | ¢/10% Btu
58 104 | ¢/10% Btu




