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1.0 INTRODUCTION

Hat Creek No. 2 Deposit lies to the socutheast of No. 1 Deposit
(Flate 1). The coal licences hLeld by British Columbia Hydro and Power
Authority are consolidated intc three groups (Plate 2). Coal-bearing
formation is confined within a narrow elongated horst faulted anticline
7.5 km long north—-south and 3.6 km wide east-west, This report reviews
and updates the Information on the geology, geophysics, coal quality and
reserves in the Hat Creek Coal No, 2 Deposit,

Data from 64 holes (not including abandoned holes) aggregating
21,799.9 m drilled dﬁring the 1975-1976 exploration program which included
downhole geophysics, surface geophysics, and chemical analyses of the coal

cores were studied in detail (Appendix I).

The structural interpretation and reserve estimates are confined
to the coal above 400 m elevation which is the maximum depth penetrated by
the boreholes: none of the boreholes are known to have intersected the

stratigraphic base of Hat Creek Coal Formation.

The geophysical parameters established for the No. 1 Deposit (API
vs Ash-Range) has been slightly modified to fit No. 2 Deposit. Any anomaly

in the logs has been verified by actual core examination.

The geological in place reserve of possible category has been
estimated as in excess of 4.5 billion tons. An allowance of 25% has been

made for waste in the sections.

Applying the same criterion as in No. 1 Deposit: material greater
than 607 ash is classified as waste; the quality of the coal appears slightly
lower than in No. 1 Deposit based on the limited data currently available.

2.0 EXPLORATYON
2.1 Drilling

In the early phases of drilling in 1975-1976, most sites were

selected on their easy accessibility.
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In later phases of the program anomalies indicated by gravity
surveys which differentiates between the low density coal and high density
sandstone, claystone, limestone etc., were drilled. There was no set
pattern nor driliing grid for tals program as it was more of a wildeat

nature. Appendix II shows the location and depth of the holes.

2.2 Sampling

For normal proximate and heating value determination sampling was
done on intervals varying from L.5 m to 15 m. Ultimates, ash mineral analysis,
ash fusibility in oxidizing and reducing atmospheres were conducted on compo~

gite samples from three or more intervals -~ varying from 15 m to 60 m.

2.3 Geophysical Logging

All drill holes in No. 2 Deposit have been geophysically logged,
except those which were abandoned due to severe squeezing or caving. The

types of logs used were gamma ray and bulk density.

Application of Downhole Geophysics

Through the evaluation of the downhole gecophysics along with the
descriptive geological logs, the various lithologic intervals intersected
by drill holes were classified into varlous categories for identification and

correlation purposes (Plate 11).

Table 1

Lithologic Classification for Geological Correlation

Category Formation Description
Wl Hat Creek Formation Carbonaceous to coaly claystone or shale,
w2 " Claystone, siltstone.
w3 - " Sandstone, conglomerate.
Wa " Petrified wood.
W5 " Ironstone, siderite.
Wé . " Carbonate, marl.
w7 " Ash,
-2
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Table 1 {Comnt'd)

w8 Medicine Creek Formation Siltstone, c¢laystone.

W9 Coldwater Formation Siltstone, sandstone, claystone, conglomerate.

wic Finney Lake Formation Lahar, sandstone, conglomerate.

Wil Kamloops Volcanics Rhyolite, dacite, andesite, basalt and
equivalent pyroclastics.

Wiz Spences Bridge Group Andesite, dacite, basalt, rhyelite, tuff
breccias, agglomerate.

W13 Hat Creek Formation Burned zomne,

cl " Coal > 18.0 MJ/kg (£ 23.2 APT and £1.47 gram/cc
on gamma and density logs.)

c2 " Coal 18.0 - 9.3 MJI/kg (23.2 - 38 API and

1,47 - 1,62 gram/cc on gamma and density logs.)

2.4 Geophysical Survey:

Magnetometer Survey

B. C. Department of Mines and Petroleum Resources in conjunction

with the Geological Survey of Canada had issued maps of airborne magnetometer

surveys covering the area (maps N.T.S. 92I/11, 12, 13 and 14). As this area

was flown in two separate years, November 1966 and May 1968, one using fixed-

wing and the other helicopter, and also as they measured relative and absolute

values for the gravity, the two sectors were not compatible, However, each

can be interpreted and evaluated individually,

The magnetic field strength does not appear to vary significantly

from ground level to an elevation of 1000 feet above.

This indicates that

the magnstic source is very deep — probably te the depth of the Cache Creek

Metavolcanics Group.

The 1975 Ground Magnetometer Survey was directed towards:

1) mapping the Tertiary volcanic units,

2) determining the depth of the basin and nature of deep geoclogical

structure.



This survey also outlined the wvolcanics, burnt outcrops (subecrops)

and the reglonal tectonics.

Gravity Survey

Gravity Survey has been the most effective tool in outlining the
limits of the coal basin., In 1974, the first attempt at interpreting the
Bouguer Gravity anomaly was not successful essentially due to insufficilent
data and not being able to evaluate the effect of underlying high density
material. When more data and proper mathematical treatment, the gravity
survey carried out during May~December 1975 yielded recognizable contrasts
assisting in exploration program.

C. A. Ager & Associates undertook this gravity survey over No. 2
Deposit. The east-west lines were 4000' - 5000' apart, the station inter-
vals were 200 feet. The calculated gravity anomaly shows the highest con-
trast ever recorded. Exploration drill holes located using the results of

the gravity survey had a very high success ratio in intersecting coal horizous.

3.0 REGIONAL GEOLOGY

3.1 Stratigraphy

The stratigraphic sequence shown in Table 2 covers a span of over
200 million vears of sedimentation processes and ignecus activities in the
vicinity of the Upper Hat Creek Valley.

The lowest stratigraphic unit is the Paleozoic Cache Creek Group,
which has been divided into greenstone and the limestone of the Marble Canycn
Formation. The limestone was intruded by the Mount Martley stock of Jurassic
or Cretaceous age which is composed of granodiorite and tonalite coeval with
the Lytton Batholith. The stock is unconformably overlain by the Spence
Bridge Group of the Lower Cretaceous Period consisting mainly of andesite
and basalt, The Kamloops Group of the Eocene Epoch unconformably overlies
the Spences Bridge Group. Deposition of this unit began with volcanic eruptions
of lavas and pyroclasties of rhyolite, dacite and basalt, The volcanic pile



is overlain by clastic rocks composed mainly of conglomerate, sandstone and
siltstone of the Coldwater Formation. Lying conformably over the Coldwater

Formation is the coal-bearing Hat Creek Coal Formation at least 550 m thick.

The Hat Creek Coal Formation is overlain in apparent paraconformity
by the Medicine Creek Formation, which is made up of monotonous lacustrine
sediments of over 550 m true thickness. The Finney Lake Formation represents
the uppermost stratigraphic unit of the Kamloops Group and consists of
sandstone and conglomerate beds at the base and lahar beds higher in the
stratigraphic section. Generally, the sedimentary rocks derived from
the underlying igneous, sedimentary and metamorphic assemblages have been

semi-indurated.

The youngest volcanic rocks Iin the area are olivine basalt, basalt,
vesicular basalt, andesite (locally) and the equivalent pyroclastics all of
the Miocene Epoch., A flow or dvke of these rocks occurs In the headwall of

the active slide northwest of the No. 1 Deposit,

During the Pleistocene Epoch the entire Hat Creek area, along with
much of the Interior Plateau, underwent extensive glacilation. This resulted
in the deposition of glacial and glacio-fluvial sediments, ranging In thick-

ness from a few metres to 200 m.

3.2 Structure

The Hat Creek Coal Basin lies in a north-trending topographic de-
pression within the southwest part of the Intermontane Basin of the Canadian
Cordillera. The Fraser River éepatates the Intermontane Belt from the Coast
Plutonic Complex. During the Ecocene Epoch, non-marine, synorogenic and syn-
tectonic clastic sediments were deposited, preceded and possible succeeded
by the accumulation of sub-aerizl volcanic rocks. Mid-Tertiary erosional
activities resulted in widespread areas with low relief. The main physio~
graphic features of the Fraser znd Thompson River drainage systems were well
established at this time.



Table 2

REGIOMAL STRATIGRAPHY - HAT CREEK COAL BASIN .
Méllion Thicknass
Period Epoch Years Formation or (roup {m) Rock Types
Recent Alluvium, Colluvium, fluvial sands and gravels,
Quaternary Deteum: e glide debris, lacustrine sediments.
Pleistocens 1.5 -2 Glacial till, glacio-lacusatrine silt, glacio-
fluvial sands and gravels, land slides.
) Unconformity
Miocena 7 =26 Plateau Basalts Not Bagalt, olivine basalt (13.2 m.y.), andesite,
Determined | wveslcular basalt.
Unconformity (7)
’ Miocene or
Middle Finney Lake Not Lahar, sandstone, conglomerate.
Eocene ? Formation Determined
Unconfermity
M, 1 13
Terciary ;Z:ne F.:;l;st::nCree 600+ Bentonitic claystone and siltstone.
a Faraconformity
z
Late Eocene :':; Hat Creek Coal Mainly coal with intercalated siltstone, clay-
te * @ Formation 550 stone, sandstone and conglomerate.
Middle 36 - 42 |&
Focene 2 Coldwater 375 Siltstone, claystone, sandstome, conglomerate,
- Formation minor coal,
Y3
Fault Contact or Nonconformity
Middle
Eocene 43.6-49.9 Not Bhyolite, dacite, andesite, basalt and
Determined | equivalent pyroclastics.
Uneonformity (McKay 1925; Duffell & McTaggart 1952)
Coniacian 88,343 Spences Bridge Grou Not Andegite, dacite, basalt, rhyolite; tuff
Lo m.¥. Determined brecclas, agglomerate.
Cretaceous Aptian **
or
Later Erosicnal Unconformity (Duffell & McTaggart 1952)
98 Mount Martley ¥ot Granodiorite, tonallite.
Stock Determined
Intyrusive Ccmtact (Duffell § McTaggart 1952)
|
Pennsylvanian Cache Creek Group:
to
Marble Canyom Yot Marple, limestone, argillita
::mian 250-330 Formation Determined
earlier Greenstone Not Greenstone, chert, argillite; minor limestone
Determined! and quartzite, chlorite schist, quartz-mica,
schist.
* Bagsed on palyneclogy by Rouse 1977
A% Based oun plant fossils by Duffell & MeTaggart 1952. -




The Tertiary coal basin in the Hat Creek Valley is a pgraben, flanked
on elther side by gravity faults. This interpretation of the structure is

based on the regional tectonic trend and the available geological records.
This graben 1s formed principally by downward movement on a series

of tensional faults approximately north-south trending. Transverse faults

trending north-west have locally offset the graben.

4.0 LOCAL GEOLOGY

4.1 Bedrock Geology

The bedrock geologic map (Plate 3) is based on the geophysical
surveys and geologic mapping undertaken by the Generation Planning Dept. in
1975-1976. This map forms the hasis of the current review till such time

as it is revised or confirmed by our own fieldwork.

The Tertiary sediments including Coldwater Formaticn, Hat Creek
Coal Formation, Medicine Creek Tormation and Finneéy Lake Formation occupy
the central section of the Hat Creek Valley. These Formations are bordered
on the east by the Marble Canyon Formation, Permian or earlier in age, and
in the west by the Kamloops Volcanic rocks of Early Tertiary age and/or the

Spences Bridge Group volcanic rocks of Cretaceous age.

The eastern contacts are faulted while the western contacts could

be either faulted and/or unconformable, as seen in Plate 4.

The top of bedrock cortour (Plate 5) shows the near surface exposure

of coal in the central and northern part of the deposit,

4.2 Lithofacies Change on Stratigraphic Profile

A stratigraphic correlation over the entire area of the No. 2 Deposit
is not possible at this time due to the low drilling density and only partial

intersection of the coal measures in the holes. A rapid facie change from



main coal facies to the silty and coarser detrital facies 1s evident in tra-
versing from east to west across the deposit. This conclusion is confirmed
by the drilling results from the following holes in the western sector of
the deposit:

Bole 82 on Section 5,619,220 N;

Intersected 90 m of detrital rocks, but the same stratigraphic
position in Hole 77, about 300 m to the east of this hole shows
no detritals.

Hole 109 on Section 5,618,470 N:

The 28 m of detrital rocks, lying 281 m below the base of Medicine
Creek Formation thins out and is replaced by coal in Hole 102,
about 650 m to the east.

Hole 81 on Section 5,617,870:

Numerous silty to sandy bands up to 15 m which in this hole disap-
pear in Hole 88, about 230 m to the northeast.

Hole 68 on Section 5,617,120:

This hole intersected 27 m of sandstone and conglomerate beginning
at 340 m below the base of Medicine Creek Formation. Hole 115
about 330 m east of the above hole shows no significant detrital

rocks except 10 m of silty sandstone.bed.

4.3 Structure

On the basis of the structural contour map for the top of coal
(Plate 4) the basic structure of the No. 2 Deposit appears to be an anti-
clinal horst, of which the east limb is truncated by the boundary fault,
bringing the Medicine Creek Formation and Hat Creek Coal Formation in juxta-
position with the Marble Canyon Formation of Permian Period. This boundary
fault has been mapped by B. N. Church and P. T. McCullough.



However, the western fault system (Plate 3) is not fully confirmed.
It is critical to define the location and disposition of the coal sequence
in this fault system as it affects the coal reserves, mine planning and slope

stability aspects,

The NW-SE trending axis of the anticline makes an angle of 10° with
the true north, This angle varies towards the south. The western limb dips at
40° towards west, the eastern limb is slightly steeper. At the north end,
the fold plunges steeply to the north (Plate 6, 7 and 8).

Aside from the major eastern boundary fault, at least two normal
faults may be inferred in the eastern sector of the deposit, based on the
fact that Medicine Creek Formation appears at the projected Hat Creek Coal
Formation horizon. These faults are based on the borehole data of the

following sections:

Hole- 63 on Section 5,619,220
87 on Section 5,616,370

104 on Section 5,616,070

103 on Sectien 5,615,620

Abrupt changes in coal roof elevation in Holes 101, 96, 98, 79 and
100 in the southern sector suggests an east-west trending normal fault
between Section 5,615,500 N and 5,614,500 N.

5.0 DALTTY

411 of the data pertaining to Wo. 2 Deposit is based on core analyses.

The directives given by Dolmage Campbell & Assoclates were to conduct proximate,

Sulphur and thermal value determination on all uniform~appearing samples. These

intervals varied in length from 1.5 te 17.7 metres,

However, ultimate, ash-mineral analysis, 8-pt. ash fusion temperature,

Hardgrove Grindability indices, proximate, thermal value determinations and form

sulphur were conducted on composite samples which varied from 15 m to 60 m in
length.



In determining the sample intervals, visual examination of the core
was probably the only controlling factor. The geophysical logs were available
only at the completion of the hole, by which time the core was already split.
Thus, the anélyses presented here appear to contain bands of low grade coal

or waste which could be eliminaired when mining.

At times two or more samples were composited for analyses
eliminating the intervening parting. In reporting, all the components were

assigned the common value.

An estimate of ash cortent, and hence the heating value, can be
made by evaluating the geophysical responses, Hole 75-81 has been geophysi-
cally reevaluated to reflect the change in quality by assigning the estimated
values (Table 3).

It is recommended that all holes in No. 2 Deposit be reevaluated,

and average quality of the deposit be established.

The proximate, ultimate and mineral analyses of ash fusibility and
grindability is presented in Appendix ITI A,

The statistical summaries for the proximate heating value, ultimate
and ash analyses is shown in Appendix III B. Only those samples on which zll

the tests were done has been summarized.

It is of interest to note that the ash-heating value regression
(Appendix III C.) for the No. 2 Deposit (for ash < 60% ash (db) ) is:

Y = 84.5909 - 0,00282283.X
X = 29966.7 - 354.254.7

Where Y = 7 of ash {db)
X = thermal value in kJ/kg

This equation 1s remarkably similar to the one established for
No. 1 Depesit:

-10 -
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TABRLE 3
REEVALUATION OF THE AMALYTICAYL DATA OF ROREMOLE 75-81
Average Grade end Coal, Waste Ratio¥*
From Geophysically % Change From Lab Samples
Interval Intexrval | Lab Samples From Lab Samples Adjusted Data To Adjusted Sawples
In Meters Length Used Grade Length of | Length of Grade Length of | Length of Length of | Length of
From | To In Meters| From| To In Ulkg_ Coal i{n wm | Waste in m| In ki/kg | Coal in m | Waate in m |Grade Coal Waste
26.2 ] 104.8 78.6 1 12 15,198 78.6 0 18,120 62.0 6.6 +19 2y ~21,12 -
104.8 { 199.9 95.1 13 24 16,024 74.8 15.3 17,339 76,6 18.5 +8,.2% ~4.0% 20,92
199.9 | 303.8 103.9 25 36 13,481 8l.3 22.6 14,698 73,1 30.8 +9.07 -10.1% 36,32
303.8 [ 401.7 97.9 37 44 16.,193 .7 26,2 17,824 61,7 34.2 +10,1% -11,2% .30,5%
401.7 { 502.9 101.2 45 57 14,019 64,6 36.6 15,539 60,4 40.8 +10,8% -6.52 11.5%
502.9 | 560.2 57.3 58 67 11,056 25.4 31.9 15,297 16.5 40.8 +38.42 -35.0X 27.92
26.2 | 560,2 534.0 1 67 14,740 401.4 132.6 - 16,612 352.3 181.7 +12.7% -12,2% +37,0%
*Based on selective minilog, winimwm 1 w parting and 9300 kJ/kg (db) cutoff grade.




Y = 86.6254 ~ 0.00292962.X
X = 29568.8 - 341.341.Y

This similarity indicates that the two coal deposits may have a
commont organic source and have undergone approximately the same degree of
metamorphism in spite of the fact that No. 2 Deposit coal lies under a
deeper overburden. The shallower depth of No. 1 Deposit may have resulted
from erosion or extensive glaclation after ccalification and metamorphism
have ceased. Palynological studies also indicate the same age of the for-
mations {in the two depasits. These are reflected by the ash vs heating value
regression analysis (Appendix III D.).

6.0 RESERVES

The reserve for No. 2 Deposit was calculated by the section
method, extending each section halfway to the next section north and south.
Slices 100 m thick between 1100 m and 400 m elevation were treated
individually (Table 4).

Due to lack of sufficient density of holes, roughly 257 of the
total volume was assigned to waste with specific gravity 2, while coal formed
75% of the volume at 1.5 specifi: gravity. This is based on average coal-waste
ratio of the holes.

Table 4
Reserve Fstimates

Depth Coal Waste

Meters Tonnes x 10° Tonnes x 10
1100-1000 60 27
1000~ 900 280 124
900- 800 489 217
800- 700 731 325
700- 600 900 400
600- 500 1024 455
500~ 400 1080 480

Total 4564 2028

-12 -



The computer model method which was used for No. 1 Deposit could
not be applied to No. 2 Deposit because of insufficient data points and

imprecise nature of structural geometry.

The limits of the deposits have not been established by drilling:
they have been projected by surface geophysical surveys and by "top of coal"
structure contours., The location and disposition of the faults and other
tectonic elements, have not been fully established to permit a more precise

determination of reserves.

For purpose of this study the reserves are confined within 5,613,000 N
and 5,620,500 ¥, The eastern aad western limits axe the projected structures
extended to 400 m elevation. As such, these reserve estimates should be

considered as only preliminary.

7.0 RECOMMENDATION

The current level of information for No. 2 Deposit is too scanty for
a complete geological evaluation. None of the holes penetrated the entire coal
sequence — nor are the coal deposit limits established with any certainty. Due
to lack of this knowledge neither stratigraphical correlation nor the quality

and reserves estimation can be done with confidence,

To meet these basic requirements the followlng stages of exploration

work are recommended:

Stage I
Objective:

1. To define the limits of the coal deposits.

2. To outline the local structure and identify major tectonic
elements within the sectional lines.

3. To recognize the sedimentary, volcanic and burnt coal formations.

- 13-



Geophysical Surveys

Gravity Survey:

The geophysical work conducted in the past proved to be very use~
ful in defining coal and no~cozl zone. The distance between these sections
varied between 1200 m -~ 1500 m (Plate 9). This should be reduced to at
least 500 m. The spacing between stations should be between 50 - 75 m
depending on the variation between theilr readings.

A proposal for carrying out this work has been submitted by C.A.
Ager & Assoclates. About 2500 stations are estimated for this survey.

Magmetic Survey:

Airborne proton precession magnetometer survey to *1 gamma sensi-
tivity to be flown over the coal-bearing area to define the faults disposi-

tion, burnt outcrop and volcanics more precisely.

This work can be integrated with the gravity survey and the air-
borne magnetic survey data obtained earlier by the B. C. Department of Mines
and the Geological Survey of Canada and ground magnetic survey conducted by
B. C. Hydro in 1975 (Plate 10).

Evaluation of Technolcgical Characteristics & Utilization

Standard proximate analyses and fusibility - grindability study are
not sufficient for evaluating technological characteristics of coal. A gas-
chromotography and petrographical study with combustion related studies are
essential for establishing the technological characteristics. A proposal
for this work has been discussed with U.B.C., Department of Metallurgy
{Dr. A. C. Chaklader) who had studied Hat Creek coal before.

Stage I1
Objective:

1. To establish the thickness and variation of the coal-bearing

horizon.

- 14 -



2. To confirm the major and minor tectonic in the deposit.

3. To permit planning of a detailed exploration program.

Drilling, Logping & Sampling:

A total of 14,520 m is proposed of which 8,840 m is of higher
priority and 5,680 m of lower priority. The coordinates and objective of
each of the holes is listed in Table 5. The location and drilling depth
required for intersecting the bettom of the Hat Creek Formation is shown in
Plate 12,

Geophysical and Geological Logging:

All boreholes drilled will be geophysically logged for gamma and
bulk density to the scale of 1:250.

Geological logging will be assisted by geophysical logs confirming
the contact between coal and varlous lithologies,

Coal sampling intervals will depend on their lithologic uniformity and
be confirmed by geophysical logs. The maximum length will be maintained at
6 m, as in the case of No. 1 Deposit.

Proximate analyses, heating value determinations and sulphur will

be run on all samples containing less than 607 ash.

Larger composites combining three or more intervals are prepared
for fusibility grindability and other special tests.

Stage ITI
Detailed Exploration:

Objective:

1. To establish major and minor structure affecting mining.

- 15 -



TABLE 5

DRILLING PROPOSAL IN NO, 2 DEPOSIT

¥irsc Priority:

Lavout Coordinates Proposed
Nz““ Inclination | Azimuth| Depth | Objective
8¢ | Northing | Easting (m)

A 5,618,170 | 599,130 90° 0 500 |To establish stratigraphy and
correlation with berehole Nos.
109, 81, 88,

8 5,618,370 599,580 90° Q 600 | To establish stratigraphy im
the central sector of Ne. 2

c 5,616,370 | 599,815 65° 090° 600 |To locate position of fault
wast of graben (east).

D 5,619,220 | 598,380 30° 0 880 |To establish stratigraphy
and to determine west
boundary fault.

E 5,616,370 | 598,980 90° 0 1,020 |To delimit coal and to deter-
mine wast boundary fault in
the ceantral west.

F 5,619,220 [ 599,280 90° 4] 1,200 |Same as C on the NE sector.

G 5,614,120 | 600,180 90°? a 930 |To establish stratigraphy &

1 - structure in the southern
sactor.

): 1 5,614,120 599.580‘ 90° 0 1,000 |[Ssme as the above in the

: southwestern sector.

I 5,620,120 | 598,230 90° Q 950 |To establish stratigraphy &

. to determine the northern limit
of the ccal deposit.

J 5,619,670 { 597,930 30° 0 1,150 |To determine the northwestern
limit of the deposit,

Subtocal 8,840  for 10 holes.
Second Priority:

Coordinates Proposed
Layout
Nos Irclination | Azimuth| Depth Objective
° | Northing |[Easting (m}

4 5,616,020 | 599,130 90® 0 1,100 | To determine west boundary fault
in the southwestern sector.

L 5,617,720 | 594,530 90° 0 1,150 Same as above in the central
weat sector.

M 5,618,170 | 598,680 50° 0 1,000 | To establish stratigraphy and
to correlate with "a™.

X 5,618,170 | 599,430 90° Q 8§50 Same as M in the eastern sector.

P 5,617,420 ] 599,130 90° 0 780 Te establish stratigraphy in the
gap between Boreholes L&E.

Q 5,615,920 | 599,580 90° 0 300 | To establish stratigraphy &
structure between Borehole Wo.

| 60 & results of "B".

Subtotal 5,680 m for 6 holes.

Proposed Total Drilling 14,520 m for 16 holes.

- 16 -



3.

To study the detailed structure of the coal seam and establish

mining grade and reserves.

To compile adequate data for mine planning.

The drill hole spacing will be determined as the program proceeds

based on the complexity of the structure and the continuity of coal quality.

-17-
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