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1.2

1.3

1.1

BRITISH COLUMBIA HYDRO AND POWER AUTHORITY
Hat Creek Coal Utilization Study

1. - EXECUTIVE SUMMARY

This Study Report investigates the development of the Hat Creek coal
deposit for uses which may provide technically and economically
attractive alternatives to its development as a source for steam-
electric power generation within the period 1980-2010.

The Terms of Reference (Appendix A) provided wide scope for investi-
éating the possible technical utilization of Hat Creek coal. Similarly,
it has been possible to investigate possible markets for upgraded Hat
Creek coal products on provincial, continental and worldwide scales.

The investigation of economic factors has been carried out within the
constraints of a set of economic criteria, drawn up by B.C. Hydro and
Power Authority in consultation with economists of the Department of
Economic Development, Government of British Columbia. These economic
criteria laid stress upon.using opportunity costs as guiding principles
in drawing economic comparisons.

The Study was organized to contain the following principle sections:
- Geography and Magnitude of the Hat Creek coal deposit.

- Properties of Hat Creek coal.

- Coal Conversion Potential.

The section describing Properties is devoted to an exhaustive exami-
nation of the properties of the coal and their bearing on possible
methods of utilization. The section dealing with Conversion Poten-

- tial includes consideration of coal processing methods, markets for

upgraded coal products, economic comparisons within a generalized
opportunity costs framework, and a description of environmental impact
and environmental engineering factors.
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1.5
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1.2

The remaining section provides a description of those processes which
were selected for detailed study based upon coal properties, coal
processing, and marketing considerations. They fall into three
natural divisions

- Principally Solid Products

- Principally Liguid Products

- Principally Gaseous Products.

The study team was international and included members from Canada,
Germany and the United States. Technology, marketing and economics
have encompassed the free-World and every effort has been made to
state the position as it stands at January 1977.

In accordance with the agreed Scope of Work,the Study has been
Timited to consideration of processes producing one principal pro-
duct plus by-products. During the course of the work it became
clear that a strong case could be made for considering the design
of process plants with built-in flexibility to produce two or

“more principal products plus by-products. Such an arrangement

permits taking maximum advantage of changing market situations
but it is emphasized that flexibility is bought only at increasing
cost, eventually to the point of economic non-viabi1fty. The

point of balance between competitiveness in the energy market-
place and a loss-making situation can best be determined by further
study within a pre-determined and Timited technical and economic
framework. If the conclusions and recommendations of the present
report are acceptable it is strongly urged that additional studies,
along the Tines suggested, be undertaken in order to refine further
the balance of advantages between development of Hat Creek coal for
upgraded coal processing products or for steam-electric power.

Summary and Conclusions |

The known properties and their relevance to modern coal conversion
technology of Hat Creek coal have been exhaustively considered.

This analysis has been accompanied by an assessment of the marketing



prospects for the potential coal conversion products against a
provincial, continental and world scenario. The combined results
from these exercises have provided a basis for an economic and

1.3

financial analysis from which the following conclusions are drawn:

1. A plant to produce 7.14-8.57 mﬂh‘on‘Nm3 per day (250-300 MM

SCFD) of Synthetic Natural Gas is a technically and economica
viable use of Hat Creek coal.

2. The production of methanol, while technically feasible, faces
an uncertain market situation. Any alteration in present
usages of methanol, such as its use as a gasoline additive,
will produce a vast increase in world demand and the use of
Hat Creek coal for methanol production will provide an attrac
tive alternative to its use for steam-electric power genera-
tion,

Ny

3. The production of ammonia and hence of nitrogenous fertilizers,

while technically feasible, faces a.very unsatisfactory world

market situation in which ample capacity into the 1990's seems

a certainty.
4. The production of coal Tiquids by any of the processes now
becoming available, does not appear to be economically attrac

tive.

5. The possible production of upgraded solid products from Hat

Creek coal, such as metallurgical coke, form coke or activated

carbons is not technically feasible because of the very high
inherent ash. The complete absence of coking properties, whi
important, is secondary to this prime question of very. high
ash content.

Te
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In-situ gasification of Hat Creek coal has been briefly considered
and rejected because of the lack of technically relevant inform-
ation on the coal deposits and major uncertainties in the present
technology. (B.C. Hydro's membership of the consortium supporting
the Alberta Research Council's trials at Battle River, Alberta,
during the summer of 1976, has provided better information on the
possibilities than the authors' can provide at this stage.)

Evaluation of the environmental impact of the coal conversion
processes recommended for Hat Creek, and indeed for other pro-
cesses studied but not recommended, leads to a conclusion that
emissions of particulates, sulphur dioxide, nitrogen oxides,
carbon monoxide and hydrocarbons for normal operating conditions
of coal conversion plant can be controlled to meet environmental
regulations and guidelines,.

The Report, in accordance with the agreed Scope of Work, has been
confined tc the consideration of single principal products plus
by-products. It has become clear that a need exists for extend-
ing the studies to include mixed principal products and consi-
deration of this course by B.C. Hydro is strongly recommended.

Some areas of the study-work have been hampered by lack of
necessary or of adequate information. This need is particularly
noticeable because of the uniqueness of Hat Creek coal in terms
of its Tow rank and grade, and the unusual ash characteristics.
If the development of alternatives to steam-electric power pro-
duction are to be pursued further, it is strongly recommended
that the appropriate work of placing of required contracts, to
obtain the necessary information be undertaken at an early date.

The very low rank and grade of Hat Creek coal are not considered
to be serious obstacles to its develppmentlfor coal conversion.
The Report has demonstrated that coal deposits of lower rank and
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grade are finding economic employment in other parts of the world
and that production costs forecast for Hat Creek coal are econo-
mically viable,

The Report has been based, as far as Synthetic Natural Gas and
coal Tiquids are concerned, upon a coal throughput of 18 million
tons per annum. This is approximately equivalent to 6360 m3
(40,000 bb1.) per day of synthetic crude 0il; 7.14-8.57 million
Nm3 {250-300 mill1ion SCFD) of synthetic natural gas; or
3,000-3,500 MW of electric power. It should be observed that
this depletion rate would exhaust the No. 1 Deposit at Hat Creek,
at present estimates of mineable reserves, in 30 years. Pro-
duction of say SNG and electric power in the quantities mentioned
would deplete mineable reserves in the No. 1 Deposit in 15 years,
or in No. 1 and No. 2 Deposits in 30 years. Therefore, until
mining studies prove otherwise, it is strongly recommended that
the Hat Creek deposit be regarded as a finite resource, capable
of exhaustion by present technology within a half-century.



2.1

BRITISH COLUMBIA HYDRO AND POWER AUTHORITY
Hat Creek Coal Utilization Study

2. - INTRODUCTION

2.1

2.2

2.3

The studies reported below were performed by Stone & Webster Canada
Limited in association with Stone & Webstel Engineering Corporation,
Boston, Massachusetts; Stone & Webster Management Consultants In-
corporated, New York, N. Y.; and Montan Consuiting GmbH, Essen,
Germany. '

The purpose of the studies were to identify and examine potential
uses for Hat Creek coal which could be considered as alternatives
to the production of electric power; to describe those processes
and applications which appeared to offer technical and economic
possibilities; and to indicate potential markets for the coal and
ité conversion products.

The ground base for the studies of alternate uses has been laid by
earlier and by ongoing studies by other consultants. These
studies. incTuded geology and exploration of the coal reserves at
Hat Creek, pre1iminaky environmental impact of development, concep-
tual mining schemes using openpit methods, coal washing and bene-
ficiation investigations, advanced electric power generation tech-
niques and coal gasification. Some of this WOrk is continuing so
that the present report presents the overall situation as it is
understood to be in January 1977.

A Tist of the other consultants' reports considered is shown in
Appendix 'B'. |

2.4 The Terms of Reference for the work are shown in Appendix 'A',
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2.2

It is important to note that the studies reported here are based upon
information and reports supplied by B.C. Hydro and Power Authority,
literature reviews, interviews and enguiries. No fieldwork at Hat
Creek and no laboratory, pilot or demonstration work has been under-
taken, As will become clear beiow, the available information 1is
insufficient in some important areas of the work and a number of

. laboratory and pilot investigations will be required before progress

from the present conceptual-only stage can be made. Some suggestions

for further work, defining subjects where more information is required
and how such information may be obtained, is included in the technical
reviews.

2.6 Attention is drawn to the following general remarks:

i) Technology
Because of the renewed recognition of coal as an important

item in the world and North American energy budgets, efforts
made in the development of coal conversion processes are
more intensive at the present time than at any previous age.
Major research and development work is being carried out in
the United States, Germany, Great Britain and Australia.
Substantial effort in the processing and utilization of Tow
grade coals is also underway in certain other countries, e.g.

~ India, South Africa. Every effort has been made to keep
abreast of progress in these countries and to present the
status as it exists at January 1977,

ii} Environmental Engineering
The Government of British Columbja has not yet issued regu-
lations governing the operation of coal conversion plants
other than for steam raising and steel production. 1n this
circumstance the relevant regulations, issued by the_American
Environmental Protection Agency (EPA), have been employed




iii)

2.3

additionally as guidelines when considering the environmental
engineering requirements of the coal conversion processes des-
cribed in the Report.

Capital and Operating Costs
Except for coke oven and by-product plants, usually forming
part of large, integrated iron and steel works, no major coal

conversion plants have been constructed in North America since
the end of World War II. While a number of cost studies have
been undertaken in America during the past two to three years,

lmain?y supported by funding provided by the Energy Research

and Development Agency, the only major commercial costs esti-

mates for which information has become available have been for

SNG production by:

a) E1 Paso Natural Gas Company

b) Michigan Wisconsin Pipeline Company and American Natural
Gas Company |

c) Transwestern Pipeline Cpmpany,‘Transwestern Coal Gasifi-
cation Company, Pacific Coal Gasification Company and
Western Gasification Company.

Not one of these proposed projects has yet proceeded to a stage

‘where construction can commence. In the meantime the original

costs estimates have been increased by a factor of 2 - 3 times
as a direct result of prevailing inflation rates (Table 2.1).

While the commercially oriented costs in the above studies have
been carefully considered in preparing this Report, as have

many of the resuits of costs studies undertaken as part of the
ERDA and other programmes, it must be emphasized that the costs
estimates are ‘paper only'. This situation will only be
corrected when major coal conversion project design, engineering,
procurement, construction and operations can be undertaken.



TABLE 2.1 COST INDICES*1971-1975
PRICE INDICES{a) CONSTRUCTION COST INDICES MISCELLANEOUS INDICES
YEAR unisT  Chems  Ind1 | chem. () Process . Petrg.. Comst | Gen'l | Plant Wy (@) Fpi
Consumer Comm. Allied Chenm Equiém. Plantsic) Ref.?a) Cogtté) B?gg. Ma?gt.(f)Benzfits Bgagg$ts(h)

1971 121.0 114.0 104.0 102.0 | 319.0 132.2 406.0 146.0  140.0 f]9.0 159.0 114.0
1972 125.3 119.1  104.2 101.2 | 329.7 f37.2 438.5 163.04 155,18} 125.5 175.98 -

1973 133.1 134.7 110.0 103.4 | 341.1 144 .1 468.0 176.52 168.42] 133.6 187.71 121.0

1974 147.7 160.1  146.8 151.7 { 400.5 165.4 522.7 187.99 178.31} 164.2 201.7 -

1975 161.2 174.9  181.3 206.1 | 447.6  182.4 575.5 205.67 193.30| 172.4 219.63 133.0

* Perry & Chilton "Chemical Engineers' Handbook", McGraw-Hil11. b5th Edn. p. 5-25, updated

(a) U.S. Bureau of Labor Statistics, 1967
(b} Marshall & Stevens. Chem. Eng.
(c} Chem. Eng. Index, 1957 - 1959
(d} Nelson. 0il & Gas.J.

(e) Eng. News - Record

(f) Factory J.

(g) U.S. Dept. of Labor Data
(h) U.S. Chamber of Commerce (Chem. & Allied Products) 1967 = 100

1926

1946
1967
1968
1960

]

100
100
100
100
100
100
100

]

”

5l

1]

A
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In Canada the only significant attempt to estimate costs of

major coal conversion plant on a commercial basis appears to
have been by Trans Canada Pipelines Ltd. For the present
study detailed cost estimates have been generated for several
coal conversion processes, but in addition published capital
and operating costs from the technical and government press
have been used.

Financial and Economic Analysis

The Terms of Reference (Appendix 'A') require that Opportunity
Costs be estimated for the potential uses of Hat Creek coal
under investigation. Opportunity Cost, often better identified
as "lost-opportunity cost", refers to the cost or values which
are given up because a proposed investment is undertaken. Usually
this will be the base investment which, for purposes of the
present studies, is taken to be electric power generation.

In the present studies the possible frames of reference for the
economic viability and opportunity cost could be on:

a) public utility works basis

b) public utility corporation basis

¢} provincial basis

d) national basis.

It seemed clear, from the scale of possible operations envisioned
for Hat Creek by the British Columbia Hydro and Power Authority,

that a provincial basis was appropriate and following discussion,
and upon advice, that course has been followed in this Report.

The introduction of a provincial frame of reference necessitated
that an official view of the economic impact of development of
the coal resource at Hat Creek be obtained. Joint discussions
with economists, representing British Columbia Hydro and Power
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Authority and British Columbia Department of Economic Devé]opment,
have therefore been hald at various times throughout the course
of the studies and the outcome of these discussions are reflected
in the financial and economic analysis reported.

Marketing Studies

British Columbia and its neighbouring western provinces of
Alberta and Saskatchewan, collectively comprising Western Canada,
is primarily a resource producing region. The total industrial
manufacturing base of the entire region is as yet largely under-

‘developed and, being sparsely populated, the domestic demand

for manufactured products is correspondingly small. Thus, in
considering coal conversion products it has been necessary to
investigate potential markets, not only in the Province and
Western Canada, but also in the neighbouring Pacific States of
America, the Pacific rim countries, and the world as whole.



3.1

3. - GEOGRAPHY AND MAGNITUDE OF THE HAT CREEK DEPOSIT

3.1 Location
The Hat Creek coal deposit is located 200 kilometers northeast
of Vancouver, B. C. and approximately 24 kilometers due west of
the town of Lilloet. See Figure 3.1.

3.2 Rail Access
The B.C., CN and CP railroads pass close to the Hat Creek deposit
(Figure 3.2). Connections with these railroads may be made by
the construction of connecting links either at Clinton (for the
B.C.R.) or at Anglesey for the CNR {Figure 3.3).

Direct connection between the deposit with both the Burrard
Thermal Generating Station and the Vancouver area wharves would be
possible via both rail links {Reference 3.2).

3.3 MWater Supply
Large potential supplies of water are available at the Hat Creek

deposit from either the Fraser or Thompson Rivers (Figure 3.3). 1In
each case transport by pipeline for a distance of approximately 24
kilometers would be necessary. The Fraser and Thompson rivers have
been reported to have mean annual discharges of 1865 m>/s and

825 m3/s respectively (Reference 3.1).

3.4 Proximity to Gas & 0il1 Pipelines .
Both the petroleum and gas pipelines of Westcoast Transmission pass
through Savona (Figure 3.4) at the lower end of Kamloops Lake

(Figure 3.3) approximately 55 kilometers east of the Hat Creek deposit.
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3.6

Proximity to Electric Power

The 500 KV transmission line from the northern hydroelectric
generating stations passes close to Hat Creek and connections
with this system at Kelly Lake, 30 kilometers to the north, are
projected in the future (Figure 3.5, Reference 3.5).

Magnitude of the Deposit

There are essentially two distinct deposits of coal in the Hat
Creek Valley which for the purposes of exploitation have been
designated Openpit No. 1 and Openpit No. 2 (References 3.3 & 3.4).
Both pits have been stated to have similar geological and geo-
technical environments (Reference 3.4).

The amount of coal obtainable from the No. 1 pit has been estimated
at two levels depending on the depth of pit considered, With a 182
metres (600 feet) pit it is considered that “450 million tons of
coal (insitu) {proved, probable and possible) will be available".
With an extension of the pit depth to 457 metres (1500 feet) the
total mineable reserves would become 910 million tons of coal.
However, due to the formidable problem of predicting slope behaviour
from borehole data it is impractical to design a pit deeper than 182
meters at this time.

The extent of coal reserves that would be available in Openpit No. 2
has been conjectured to be 664 million tons with development to the
182 metres level. It has been estimated that a 457 metres pit would
provide 3,397 million tons run of mine coal (Reference 3.4).

In both pits, but particularly Openpit No. 2, it can be seen that
considerable coal reserves exist beyond the 182 metres level proposed
for initial exploitation. It is stated that these reserves may not
be economically mineable by surface mines, however, and that under-
ground mining would be extremely difficult and also uneconomic at
current price levels (Reference 3.4).

3.2



CLINTON .4

HAT CREEK
COAL DEPOSITS

< i
2 ),
E 2
W : P
20 i ;
t
b3 !
é  PEMBERTON 1
' 10miles - ]
z L,
E.-W. SCALE R ',.Fn. v
\ b7 LYTTON
W 4
; ’
) W
th
] ‘{
Lk ¢
o \\ =z
“ ‘\\ B
D X T
T N [¥
- & £
E A
LI
Q iy
> 7 i
< Al
x }
,
- Ay
= 0
g &
p b
SQUAMISH \}
[)

?BURRARD THERMAL ' 3
f GENERATING STATION .,

By _ _ y
et N(,,.,HN A G

oy VANCOUVER Y Pom' MOOP
: ‘ s 0 oco

%\

. .) Sz ‘~ ey
';‘ Q ' CAH‘D

INTERNATIONAL BOUNDARY o

[ROBERTS BANK /2 . , [LOCAT“ofHATCREEK
PORT DEVELOPMEN% wingron osennCOAL DEPOSIT.
ey ™ FIG 3.1 |MAP NO- i




1
S . " '
cERRITORIE -
NORTHWEST .=
THWE

]

Fort Nelson \

CHARLOTTE
ISLANGS

HAT CREEK g e
COAL DEPOSIT| e NN
Nod TN T
/ /" Kamloops /
?.' _ RN ‘ A 5&
. L -r_“ ‘:-": C “;‘.‘ R ! R
4| VANCOUVER Z\f\J 3 o~ Nr ]
L. Foa- A=

T T W ASHINGTON

o] 100 200 300 MILES
1 Il } —]

LOCATION CF HAT CREEK COAL DEPOSIT .
MAPNGS2 FIG 3.2




FIG: 3.3

Y

AILROADS to HAT CREEK

RELATION of R




i“‘“-a-‘______mmﬁ[ﬂfﬂ

T,

pIvisigN

NORTHERN
~

ZuLEW
CHRALOTYE
(3LANDE

b

< . <
L4
o
-
- .
-
—hn ]
o

o ang ey o -

u] CONPALSION STATIONS -

] PUTURE COMPREZEDR STATIONS -

WESTCRANY TAANBUISHON MAIMLINE
Lo WESTEOAST TRANINISHION LOCPLINE

ram—ims HOATHWEST AL CORSTRATION

e BLAMD NATUAAL A3 LOMPANT LWITED
ce——  ALBERTA SAS TAUNK LINL SONPANY LuNTED
ALREATA WATURAL BaS COMPANY

COLUMBIA RMATURAL #AS LuTED

AMAKBE FPRAAI TRANSUISSION COMPAWY LunYED
SARATOGA PROCELAING COMPANT LINTED
PAGIFIE #al TRANIWIZZION COMPANY

SACHIE WORTHEAN GAS LHITED

A3 SATHENINE LINES

SA3 TAUNK LK OF ARTIIN COLUMBIA
FevEnEmn  (panl MQUWTAM PPTLBN
TS WERTCOAST PETRCLEUM PIFELME

SOUREL WAP COMNIFLY WITY COATT TRANWI 35104 LI8

. W |
Yy > M\ [
o : e W -

i o woatt \na T \

Lar .e.'-vw
o “‘"5“3’.".\.1;. Hanofane

K .
- o %
3

., ST 2 \

\
& &

o FOIMTED

depiar

m W} H s Gonrin iiies
e
o o Uan e .

24 BL Trasr
180 A 3 sk

w
.
23

3w
B

2

z
H
1
H

€ bepe
tr seves Laxpe
© berseasen

2
H
8

t #riravie

v, w Ivo-‘! $1 soum,
gl

..a;:k.-s&-.{a;tu:aanaa-g.a:;g.:

° Mewedacy o

E/v&a:qe&h!ﬁkhthh!!!l!lhihk!!;

A
\(

Cogen
R s
L 3 do R Wl
305 crperr rie
FU A
EL R
EO 4
1 ¥
I 4
.

L

wPlWo e,
SUNMBIT LAKE

A

] Famce I
zE " STORGE -
/l oll llAer

lﬂ.ﬂ][ﬁﬂﬂﬁ&

z
g 0“‘-(; ¥ \ / B
b P ~
) \ \ %f
- \‘ ‘\
~ \ ..m... 2
E N “
g A N
5 / ( Y &
H / ) % A M o ChLsany
> b : £
- 3 - )
ey e 1
D 2S5l \ p '

TPE
3

= 3
e

AN
conrmand?
o -

k)
o owaLs walLa

D S s

2 %
- o FERDLETIN, %
Tt n.:u.u ' ‘,\t‘:" ﬁ] {:; E\.@ [ﬂ m f
! N "~

FIG 3.4

BRITISH COLUMBIA
PIPELINE SYSTEMS



L3 vt 1 A ——

i | . ;

Rk ’;"'Pa . ' .
[ #,
hew \ LOCATION OF GENERATION, TRANSMISSION
\ AND SUBSTATIONS ON B.C. HYDRO SYSTEM

G Fort Nelson

L ,\ Legend
- 1
\ Existing System
L T 138 kv Transmission
- & ‘; — e e w 230/287 kv Transmission
@ ot o .
e 360 kv Transmission
(‘“\Q - ‘ P 500 kv Transmission
i A @ Generating Station
‘ : O Switching Station
" ..
Planned Additions 1975/76 — 1889/90
_ ~ e el 230 kv Transmission
"ﬁ: 500 kv Transmission
b B ® Generating Station
a Switching Station
T A
200 km
g -
E A
el N 2o Miles
WILLISTON *
“um
ﬁ“
ﬁ =
¥ \-.,\
- 5
el 0
. R e ‘az EALGARY
. b .-°o 3 POWER
~ ,_ .99\00 EAST
" N KOOTENAY
?ﬂ"‘: o :8 HERMAL
7 R e
pe T '
- MONT AN
] TV GAS |
TURBWE\
it
i J
{300 KV cousrnucnom 's ‘\"’D .\ )
\ S v
Tl | FI1G 3.5




4,1

4. PROPERTIES OF HAT CREEK COAL

4.1 Introductory Note

4.1,1

4.1.2

4,1.3

The general use of the word COAL is misleading uniess the
singular is understood to include the plural., From the
scientific and technical standpoint there are many different
types of coal and the particular properties and characteristics
exhibited by any coal are generally of crucial importance in
the utilization, and usually in the design of processing
equipment employed in the utilization of that coal.

One result of the energy problem has been the appearance of
many technical articles in which coal, 0il, gas and uranium
resources are discussed only in terms of energy contents,
with too Tittle regard being paid to the real differences
that exist in the means of exploiting and utilizing them,
This simptistic approach can produce serious conseguences,
particularly in the case of coal, which is by far the most
complex raw material among these resources. The history of
coal production and utilization is littered with unsuccessful
ventures, most of which might have been avoideﬁ by a better

approach to the technical and economical problems involved.
One essential element in such an approach is careful
consideration of the chemical and physical properties of the
coal in question and also of tﬁé'many empirical tests that
have been developed over many years to meet the requirements
of particular industrial applications.

Basic coal substances are so complex that chemical analysis
in terms of their elemental composition - carbon, hydrogen,
oxygen, nitrogen, sulphur - are useless for predicting the
behaviour of the material on heating, or on combustion, or
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towards gases 1ike steam, carbon dioxide, hydrogen, etc.,
which play such an important role in all coal conversion
processes. It is generally recognized that not all coal
exhibits the coking and caking properties necessary for it
to produce coke of metallurgical quality on heating but the
fact that pulverized fuel boilers, designed to fire lignites,
cannot operate successfuilly, or at all, on low volatile
bituminous coals or anthracites is Tess well appreciated. A
gasifier designed to operate on one coal feedstock may fail
disastrously if required to accept a different coal.
Characteristics which may determine that a coal has a very
reactive combustion profile may have no bearing upon the
carbon conversion or liquid yields which may result from
subjecting the same coal to hydrogenation and Tiquefaction.
The result of these differences has lead to the design and
development of numerous empirical tests for the purpose of
assessing and predicting the behaviour of the coal under a
given set of processing conditions, Although empirical in
nature these tests and analyses are usually precise, and
reproduciblie, and lend themselves readily to standardization.

Two broad classifications of coal properties may be distinguished
(Ref, 4.1) '

Class 1

Properties having real values which are independent of the
method of test employed in their determination, for example -
etemental analysis, density, calorific value.

Class 2

Properties having values which are highly dependent upon the
method of test employed in their determination. Examples

L
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include virtually all the empirical tests developed to meet
particular coal processing applications such as determination
of volatile contents, free swelling index, carbonization

. assays, combustion profiles, petrographic analysis, etc.

Class 2 properties are of greatest importance in considering

the utilization of Hat Creek coal but it should be observed

that they are, for the most part, based on laboratory scale

tests on quantities of coals generally ranging from 1 - 50 g.
Their use as a basis for large scale practice is therefore in
terms only and does not eliminate the need for obtaining
essential design data by further testing in process demonstration
units (PDU) or test plant of appropriate scale.

4,2 Method of Reporting

4.2.1 Various descriptions are frequently encountered relating to coal
analysis or properties. Some describe location or past history
of the material described. Examples are in-situ run-of-mine; '
raw; washed or beneficiated; as received; and as charged.

Others describe the condition of the coal corresponding to the
analysis and include as received; air dry; dry; dry ash~free;
moist, mineral matter-free; and dry, mineral matter-free,

4,2,2 For most processing applications the analyses reported on the
as received basis (ARB) or dry basis (DB) are adequate and
will be the only bases used as far as possible, However, in
discussion of coal rank it will be necessary to employ values
reported on the moist, mineral matter-free basis. The Inter-
national Classification, National Coal Board, and ASTM Classi-
fication systems are employed and compared. |
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4.2,3 Most of the information relating to the analysis and tests of

4.2.4

Hat Creek coal has been obtained from samples taken from
diamond drill cores. The accuracy with which such samples
represent the coal deposit depends upon a number of factors
of which the most important is the degree of core recovery,
e.g. soluble material and fine chips are lost in the drilling
fluids, so may be clays. 1t is also impossible to prevent

- some contamination of drill cores by the drilling fluids and,

of course, it is not possible to obtain accurate estimations
of the in-situ (or seam) moisture contents.

- Some’ of these defects were overcome when tonnage-scale bulk

samples were obtained using large diameter augers. (B.C.
Hydro Bulk Samples A, B and C)

Coal analyses and tests have been carried out by a number of
laboratories, whose reports are listed in Appendix B, The

‘major work of analysing the drill cores for proximate and

ultimate analysis has been performed by Dolmage Campbell &
Associates, while the other laboratories listed have provided
supporting information on analyses and special. tests. The

average results for the laboratories are shown in Table B.1

Appendix B. The exploration work indicated that not only were
wide variations in coal quality encountered between drill
holes but also within drill holes with variation in depth. .
In particular Dolmage Campbell & Associates and Birtley
Engineering have produced much evidence of variation in the
basic quality parameters of ash contents and gross calorific
values and both sources have produced the linear graphical
correlation between these parameters which is normally
expected.
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4.2.5 An immediate difficulty arose in connection with the present
study because of the need to establish a single quality
description, expressed as a proximate analyses as received,
which would represent the mean quality of coal supplied to
process plant. While the question of washing and beneficiation
will be dealt with later, it is also necessary to observe, at
the present time, that while the washability characteristics
of the coal were poor, a possibility of achieving some
improvement in quality by washing to remove clay and shales,
and hence reduce ash content, was a possibility to be
considered. To resolve these questions, a meeting of all
consultants engaged in current studies and of B.C. Hydro was
requested. This meating was held at Vancouver on July 26, 1976
at which the mean quality parameters shown in Table 4.1
were established.

Table 4.1 QUALITY OF RAW AND WASHED HAT CREEK COAL
Raw Washed
Mean Range of Mean Mean Range of Mean
Moisture (ARB) % 22.5 20 - 25 22.5 20 - 25
Ash {(DB) % 41.9 38.5 - 45 17.5 1% - 20
Calorific Value kd/kg 12790 17860
(BTU/1b) (5500) (7680)

At the time of the meeting these values were taken to represent
the average quality of recoverable coal in the Hat Creek No. 1
Deposit. (Ref. 3.3) The mining consultants PD-NCB Consultants
Limited in association with Wright Engineers Ltd, and Golder
Associates have since indicated that these values can also

be taken to represent the mean quality of the Hat Creek No. 2
Deposit, which has not been so fully explored. ( Ref. 3.4),
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It is therefore suggested that the values shown in Table 4.1

can be taken to represent the quality of Hat Creek coal. The
column headed Raw represents the mean quality which will be
received by ccal processing plants shbuld washing or
beneficiation not be practicable. Alternatively, the columns
headed Washed represent what the as received quality will

be if washing is demonstrated to be technically ahd economically
feasible and it is introduced.

By taking these figures and applying them to average values of
volatile matter content and ultimate analysis reported for all
the diamond drill hole samples it is possible to obtain mean
analyses values of sufficient accuracy for process applications.
Similarly, the results of other tests can be corrected to the
common moisture, ash and'ca1or1fic values of Table 4.1, By

this method, the properties shown in Table 4.2 have been

derived and represent the results upon which this study is based.
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Table 4.2 Proximate and Ultimate Analysis of Hat Creek Coal
ANALYS.IS RAW WASHED
Basis A.R. ory | p.aF ] owEl") Pwame | AR | ooey | poar | owEt) |
Proximate:
Moisture % 22.5 (M) 2.5 22.5 22.5(2)
Ash % 32.5 (A)| 41.9 _ . 13.6 17.5
Volatile Matter ¢ 23.8 (V)| 30.7{ 52.9 45.9(V')| 39.6 33.8 43.6 | 52.9 49.9 39.6
Fixed Carbon % 21.2 (F){ 27.4| 47.1 { 50.1{(F')| 37.9 30.1 38.9 | 47.1 50.1 37.9
100.0 100.0( 100.0 | 100.0 100.0 100.0 {100.0 {100.0 100.0 100.0
|
Calorific Value E
Gross kd/kg 11555 14910 22975 17805 14680 | 18945 22975 17805
Btu/1b 4970 (Q)| 6410 9880 7655(Q' Y 6310 8145 9880 7655(Q")
Ultimate:
Carbon ~30.8 39.8| 68.6 43.8 | 56.5 | 68.6
Hydrogen 2.4 3.1 5.3 3.4 4.4 5.3
Oxygen 10.6 13.7] 23.6 15.1 19.5 | 23.6
Nitrogen 0.8 1.0 1.7 1.1 1.4 1.7
Sulphur 0.4 (S) 0.5 0.8 0.5 0.7 0.8
Chlorine ¢.1 0.1
Notes (1) Parr Formulae (2) The moisture shown here should be the natural in-situ
a)  F'= 100(F - 0.155) seam or bed moisture. This is not known. Dolmage
100 - (M+i 08A+0.555) Campbell Associates report an equilibrium moisture
: ) content of 23.3 percent (30°C, 95% Relative Humidity)
b} Vv'= 100 - F' and this value probably approximates to the natural
¢} Q'= 100 (Q - 505) seam moisture content. If this figure is assumed,

the moist, mineral matter free calorific value is
17620 kd/kg (7575 Btu/1b).

S
~
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4.3 Proximate Analysis

4.3.1

4.3.2

The moisture content of the coal as mined is not known.

Dolmage Campbell Associates reported an equilibrium moisture
content of 23.3 percent and this is believed to approximate
to that of the coal in-situ. A number’ of laboratories
reported that the coal dries out, accompanied by some
break-up, so that air dried moisture contents of laboratory
samples were 9 - 12 percent. This observation may indicate
behaviour of the coal under dry climatic conditions and

given sufficient time. However, for large scale mining
conditions { say around 15 million tons per year) the

hourly coal produétion rates can be expected to average

1500 - 2000 tons or about 45,000 tons per day. A surge
stockpile to handie 3 days production (150,000 - 200,000 tons)
would require a large area and expensive high capacity stock
out and reclaiming machines. If this operation is to be
avoided, the coal consuming units must be designed to handle
run-of-mine raw coal as produced. Drying capacity should
therefore be designed for a minimum input moisture content of
about 25 percent.

The moisture content level is typical of sub-bituminous coals
and is less than that generally reported for North American
lignites (30 - 40 percent) or European brown coals (50 - 70
percent).

Ash Content

The run-of-mine and inherent ash contents are high. This
matter is dealt with in detail in the discussion of coal
washing and beneficiation later, but it may be noted here that
the mining consultants reports do not hold out much prospect
for reducing and contro]?ihg ash leveis by selective mining
operations.
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4.3.3 Total Inerts Content

4.3.4

The moisture plus ash contents of the raw coal as received
total 55.0 percent and hence impose a heavy inert load on the
materials handling systems. The corresponding inerts load
for washed material is 36.1 percent and hence still comprises
more than one third of the materials handling requirements.

Calorific Value

The correlation of ash contents with calorific values
reported by Dolmage Campbell Associates and by Birtley
Engineering indicate that the observed ash contents are

'appreciably less than the inert mineral matter actually

present. The intercept of the straight 1ine equations
A=282.11 - 0.00269 Q %
Q = 30459 - 370.96 A kd/kg
where A and Q are the ash and calorific contents respectively
on the dry basis, show that the observed ash content at zero
calorific value (100 percent inert) corresponds to only 82.11
percent of the actual mineral matter present.

The approximately 18 percent of inert content that does not

report in the ash figure is believed to consist of carbonates
and combired water in the clay minerals present. The ratio

of mineral matter to ash found by this method is 1.218 and is
hence conéiderab]y higher than the 1.08 ratio assumed in the
PARR FORMULAE. If the higher ratios apply at low ash contents,
the calculated calorific values for the dry, mineral matter
free (DMMF) and moist, mineral matter free (M.MMF) bases, shown
in Table 4.2, are too Tow as the following comparison shows:
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Table 4.3 |

COMPARISON OF CALORIFIC