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OBJECTIVE 

The o b j e c t i v e   o f   t h i s   p o r t i o n   o f   t h e   m i n i n g   f e a s i b i l i t y   s t u d y  was 
t o  review and i n t e r p r e t   a l l   e x i s t i n g   g e o l o g i c a l  and a n a l y t i c a l  
data, and to   o rgan ize   t hese  and r e l a t e d  new data  from  the  1977/78 

q u a l i t y  evaluat ions,  es t imat ing  o f  reserves, and  mine planning. 
d r i l l i n g  program  and t rench  excavat ions  in to  a format s u i t a b l e   f o r  

SUMMARY 

The Hat  Creek No. 1 Depos i t   cons i s t s   o f  a t h i c k ,  complex s e r i e s   o f  
a l t e r n a t i n g   c o a l  and  sedimentary  rock  beds  located i n  a topographic 
and s t ruc tu ra l   dep ress ion   i n   t he  Upper Hat  Creek  valley.  Geological 
c o r r e l a t i o n s  o f  t he   s t ruc tu re  and d e t a i l e d   s t r a t i g r a p h y  o f  the  coal  
deposit  have  been made on  the  basis o f  diamond d r i l l i n g  on  approxi- 
mately  150-metre  centres. The deposit  extends  over a nor th /south 
s t r i k e   l e n g t h   o f  2000 metres, has a maximum w i d t h   o f  1500 metres, 
and a maximum depth o f  580 metres  below  ground  level.  

The depos i t  has been subd iv ided   i n to   f ou r   b road   coa l  zones  and two 
broad  rock  and  low-grade  coal zones  on t h e   b a s i s   o f   c o a l   q u a l i t y .  
Many add i t iona l   subd iv is ions   have been made on the   bas i s   o f   co r re -  

logs.  Twelve  sub-zones  have been  used t o   d e f i n e   t h e   d e p o s i t   f o r   c o a l  
l a t i o n s  o f  t he   t op  o f  rock  part ings  aided  by  down-the-hole  geophysical 

q u a l i t y  purposes;  however, t h e   q u a l i t i e s  o f  adjacent  sub-zones i n  
each  major zone a r e   q u i t e   s i m i l a r .  

Reserves  have  been ca l cu la ted  on t h e   b a s i s   o f  a mod i f ied   inverse  
distance  quared method.  Reserves t h a t  have  been def ined  f rom 
d r i l l i n g   a t  150-metre  centres  and  which  are  included  within  the 
boundaries o f  the  35-year p i t   a r e   c l a s s i f i e d  as "proven". Those 
reserves  beyond  the 35-,year p i t  limits which  are  equal ly as w e l l -  

c l a s s i f i e d  as "probable".  The t o t a l  proven and probable  reserves 
def ined,  but  which  are  not   included i n  a d e t a i l e d  mine  plan  are 

o f   t h e  No. 1 Deposi t   are summarized as fo l l ows   (d ry   bas i s ) :  

( v i i )  



J 
Calorif ic  Ash Sulphur 

Tonnes Value Content Content 
x 106 (Btu/lb) 

" 
% % 

Proven 344 751 5 35.1 0.49 
Probable 373 6645 40.9 0.53 

Total . . . . . ,717 
Average ............... 7060 38.0  0.51 

The cut-off  grade  for  calculation of reserves is  4000 Btu/lb, and 

estimates  include  all  in-seam partings. 
an average i n  situ moisture  content of 25% i s  assumed. Reserve 

These reserves are  considered  to be well-defined  for  quantit ies 
greater  than 20 million  tonne  blocks, b u t  may be subject   to   errors  
of geological  correlatton i n  smaller  blocks. 

RECOMMENDATIONS 

Geological  correlations  based  on. diamond d r i l l  holes are  generally 
simplified  idealized  versions  of 'the actual  detailed  geological 
picture. Although reserves  are  well-substantiated over f a i r l y  
broad areas ,  i t  is  recommended that  short ,   close-spaced  dril l ing 
be done i n  the  init ial   production  area t o  improve s t ructural  
control and grade da ta  d u r i n g  the  early  production  years. This 
work should  cover an area and depth adequate t o  detail  about 20 
million  tonnes of coal. 

In some areas the 150-metre pattern  of diamond d r i l l i n g   i s  incomplete 
and areas of s t ruc tura l  complexity  require further d r i l l i n g .  I t  
i s  recomnended t h a t   t h i s  work be completed. 

( v i i i )  



SECTION 1 

HISTORY 

OF 

EXPLORATION AND DEVELOPMENT 



1.1 PRE 1974 PERIOD 

The Hat Creek coal  deposits were f i rs t  reported by Dr. G.M. 
Dawson of the Geological  Survey  of Canada i n  1877 and again i n  
1894. The f i rs t  known attempt t o  develop the deposits was i n  

sunk a shaft t o  a depth of 38 metres on one of the sparse out- 
1893 by a local rancher, George Fjnney, who i s  reported t o  have 

small open cuts which provided  sporadl'c  production of wagon- 
crops along the west bank of Upper Hat Creek. Finney  developed 

syndicate acquired the property i n  1923, sank three shallow 
load lots which were sold  to   other   local  ranchers. A Chinese 

shafts', and drove No. 1 Adit i n to  the exposed  coal on the west 
side of Hat Creek (Figure  1-1)  to a depth of 57 metres. I t  was 
planned t o  ship coal by motor truck to  Pavilion and then by 
Pacific  Great  Eastern (PGE) Railway t o  Vancouver; however, the 
syndicate ran i n t o  f inanc ia l   d i f f icu l t ies  before t h i s  was 
accomplished. The Clear Mountain Coal Company then took over 
the property and shipped three carloads  of  coal  via the PGE t o  
Vancouver; the financial   loss on this shipment  caused their  
bankruptcy.  Early i n  1925, the coal deposits were acquired by 
the Hat Creek Coal  Company  who drove No. 2 A d i t ,  and dr i l led 

along the western bank of Hat Creek where the original  outcrops 
seven holes  to  cover a s t r ike  length o f  2300 metres, mainly 

had been discovered (Figure 1-1). 

The resu l t s  of these in i t ia l   d r i l l   ho les  and  mapping i n  No. 1 
and No. 2 Adits were reported by the.9.C. Minister of Mines 
(1925) and by the Geological Survey of Canada (1925).  Initial 
estimates of proven and potential reserves were made i n  these 
two reports, w i t h  proven reserves stated  as 29 mil l ion tonnes 
and probable reserves i n  the range o f  68 t o  79 million tonnes. 

Between 1925 and 1957, the only  recorded development i s  inter- 
mittent production of a few hundred tonnes a year  for  local 
needs. In 1944, Ridgeway R.  Wilson acquired the property for 
Ventures Limited, b u t  in 1951 the controll ing interest was 
regained by a Wilson Mining  Corporation  subsidiary,  Inland 

Western Development and Power Company, a subsidiary  of B.C. 
Resources Company. In  1957, the holdings were optioned t o  

Elec t r ic  Railway Company. Dril l ing programs were carried  out 
i n  1957 and  1959 under the supervision of the Vancouver firm 
of Dolmage, Mason and Stewart L td . ,  consulting  geologists and 
min ing  engineers. During 1957, eight diamond dr i l l   holes  (Nos. 
8-15 inclusive) were completed, and Nos. 16-22 inclusive were 
dr i l led   in  1959. Figure 1-1 shows the locations  of  al l  
exploration and development d r i l l  holes  completed to   da te ,  

1-1 
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By the end of  1959, Dolmage,  Mason and Stewart were able t o  

mainly  underlyin the original Crown-granted coal license 
report t h a t  proven reserves amounted t o  308 million tonnes, 

(one mile square B . Western Developrrent and Power  Company 
exercised i t s  option i n  ear ly  1960, and purchased the property 
for B.C. E lec t r ic  Railway.Company. No fu r the r   d r i l l i ng  was 
done u n t i l  1974, b u t  i n  the   in te rva l ,  the B.C. E l ec t r i c  Railway 
Company was acquired by the Government o f  British Columbia. 

1-3 



1 . 2  POST 1974 PERIOD 

121 DRILLING 

During 1974 and subsequent years,  continuing programs of 
exploration and development d r i l l i n g  were conducted by B.C.  
Hydro and Power Authority. Dolmage,  Campbell and Associates, 
Consulting  Geologists, were engaged to  organize and supervise 
the f i e l d   d r i l l i n g  programs and to  arrange and record  the 
result ing  analytical  work. 

A test program of reverse circulat ion  rotary  dr i l l ing was 
attempted i n  l a t e  1.974 to  evaluate a cheaper  dri l l ing method 
as an a l te rna te  t o  diamond coring. Four vertical  holes were 
d r i l l ed  and chip samples  were collected through the coal 
bearing  zones. The reverse  c i rculat ion  rotary  dr i l l ing proved 

hanging  wall s t r a t a  and as partings w i t h i n  the coal bearing 
impractical because of the sticky  claystone present i n  the 

zones.  Since the analytical  da.ta for only one hole were i n p u t  
i n to  the computer da t a   f i l e ,  Figure 1-1 shows only RH. 75-4 
from t h i s  test  program. 

As shown on Table 1-1,  only  a few diamond dr i l l   holes  were 
dril led  during 1975 i n  No. 1 Deposit;. a t   t h a t  time, exploration 
was diverte.d  temporari ly t o  No. 2 Deposit,  about  5  kilometres 
south  of No. 1 .  Comprehensive programs were undertaken  in  both 
1976 and 1977/78 t o  coniplete testing of No. 1  Deposit a t  150 
metre spacing, t o  out l ine the subcrop  limits, and t o  test some 
o f  the structurally  complicated  areas. 

The 1977/78 dril1,ing program commenced i n  September 1977 and 
ended i n  February. 1978. The general  objectives were: 

( a )   t o   o u t l i n e  the subcrop  of No. 1. Deposit i n  the 
northeast  region, t o  provide " f i l l - in"   qua l i ty  
data from D-Zone between No. 7 and No. 8 fau l t s ,  
and t o  test  locally for No. 8 f a u l t ;  

( b )  to   out l ine  the approximate  subcrop of D-Zone in 
the southwest  region, e.g., DDH. 228, 229, 230, 
and 232 were d r i l l ed  t o  confirm t h a t  the subcrop 
projection was considerably  east of Section 13; 

1-4 



TABLE 1-1 

Summary o f  Exploration. and Development Dril l ing 
i n  No. 1 Deposit 

Hat Creek Project Mining Feasibi l i ty  Report 1978 

Year No. o f  Holes Total Metres Remarks 

1925 7  754.4 DDH. 1-7 inc l .  

1957 8 1731.6 DDH. 8-15 incl. 

1959 7 1889.8 DDH. 16-22 incl. 

1974 26 10 797.2 DDH. 23-48 incl.  

1974/75 4 1415.2 RH.  1-4 incl . ,  test  
program - n o t  practical  

1975 7 2794.4 DDH. 49-53, 106, 107 

1976  89 20 701.4 DDH. 120-208 incl.  
(excl , geotech.  holes) 

1977 10 236.2 DDH. 209-218 incl. 
(trench  locations) 

1977/78 49 1.3 725.1 DDH. 219-267 - t o  Feb. 28, 1978 

TOTALS . . . , . . . 207 54  045.3 

1-5 
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( c )   t o   t e s t   t h e   s o u t h w a r d   p r o j e c t i o n s   o f  A,  B, and 
C coal  zones on Sect ion W and  beyond, as repre- 
sented  by  holes 257, 236, 255, 237, 254, 241, 
244, 243, 239, 246, 252, 260, 256, and  258  as 
shown on  F igure 1-1 ; 

( d l   t o   P r o v i d e  fill-in coveraae o f  t he   cen t ra l   Da r t  
of No. 1 Deposit  at  approximately  150-metre'spacing, 
e.g., DDH. 249, 238, 250, 251, 259, 240, 248, 262, 
261,  263,  266, and 267. 

" ~ ~~~ ~~ 

T h i s   l a t t e r   g r o u p   o f   h o l e s  was the  most  important with regards 
t o   p r o v i s i o n   o f   a d d i t i o n a l   q u a . l i t y   s o u r c e s   f o r   t h e   p r o p o s e d  
p i t ( s ) .  P i t  p lann ing  was w e l l  advanced  by November 1977, b u t  
many o f   t h e s e   c r i t i c a l   q u a l i t y   f i l l - i n   h o l e s  were  the l a s t  
d r i l l e d   i n   t h e   f a l l  and w i n t e r  1977/78  program,  as evidenced 
by   t he   h igh   ho le  numbers. Revis ion and update b f  the  computer 
model had to   awa i t   comple t ion  o f  t h e   f i l l - i n   h o l e s  and t h e i r  
qua l i t y   ana lyses .  When completed  the  program  had  provided 
a s i g n i f i c a n t  number o f   a d d i t i o n a l   g r a d e   i n t e r s e c t i o n s   o f   t h e  
coal  zones (12  addi t ional  A-Zone in te rsec t i ons ,  11 i n  6-Zone, 
10 i n  C-Zone, and 9 i n  D-Zone). It i s  no tewor thy   t ha t   p r i o r  
t o   t h i s   t h e  number o f  complete  grade  cross-sections o f  A coal  
zone was on ly  19; thus ,   the  number o f   q u a l i t y  sources  here 
was increased  by more than   ha l f .  

Throughout  the  1977/78 f a l l  and w i n t e r   d r i l l i n g  program a working 
l i a i s o n  was maintained  between  the CMJV and B.C. Hydro  geologists.  

e a r l y   s p r i n g   o f  1978, B.C. Hydro  geologists  had commenced pre- 
Many geo log ica l   i n te rp re ta t i ons  were  developed j o i n t l y .  By 

pa ra t i on  o f  1:1500 scale  geological   cross-sect ions  which  depicted 
d e t a i l e d   l i t h o l o g i c a l   u n i t s   w i t h i n   t h e   s i x   m a j o r   s t r a t i g r a p h i c  
subdiv is i .ons o f  the  coal   format ion,  i ,e., A-1, A-2, 6-1, C-1, 
C-2, D. These l a t t e r   s e c t i o n s  were made a v a i l a b l e   t o  CMJV 
g e o l o g i s t s   a f t e r  March .'l978. 

122 BULK  SAMPLING AND TESTWORK - 

I n  May 1976, a l a r g e   r o t a r y   d r i l l  was used t o   d r i l l  15  bucket- 

w a s h a b i l i t y  and o t h e r   t e s t s .  BAH-1 and BAH-9 a re   t he   on l y  
auger  holes (BAH) t o   co ' l l ec t   nea r -su r face  samples o f  c o a l   f o r  

bucket-auger  holes shown on Figure  1-1, because t h e   c o l l a r  
l oca t i ons  o f  the   o ther   auger   ho les   very   near ly   co inc ide   w i th  
p r i o r  diamond d r i l l   h o l e s .  The deepest  auger  hole was t o  95 
feet.  Approximately  17  tonnes o f  coal   were  obtained  by  th is 

1-6 



sample method i n  three lo t s  ( A ,  B ,  C )  o f  varied calor i f ic   value 
and ash content. The samples were sent i n  sealed  barrels  t o  
Bir t ley Engineering (Canada) Ltd.  a t  Calgary for analyses and 
for  washability tests. The resu l t s  were reported i n  de t a i l   t o  
B.C .  Hydro (Bir t ley Engineering, 1976al. Blended portions of 
both raw and washed coal from the test  lo t s  received by Birt ley 
were subsequently  forwarded t o  the Canadian Combustion Research 
Laboratory  of the Canadian Centre f o r  Mineral and Energy Tech- 
nology (CANMET), Department of Energy, Mines and Resources ( E M R )  

this laboratory (CANMET, 1976). 
a t  Ottawa.  Various p i l o t  sca le  burn  tests were undertaken a t  

During the summer of  1977, two large trenches, A and B ,  were 
excavated by B.C. Hydro t o  obtain bulk  samples for burn  tests 
and for  washabili ty  tests;  the locations of these trenches  are 
shown  on Figure 1-1. A bulk  sample  of 6350 tonnes was shipped 

were undertaken between August 5 and August 31, 1977. Details 
t o  the Battle River plant  of  Alberta Power Ltd.  where burn tests 

of the excavation, the handling  procedures,  etc., have been 
reported by B.C.  Hydro personnel, and the "Bu'rn Test"  results 
have been documented (B.C. Hydro, 1978a). A summary of the b u l k  
sample analyses and general  furnace  behaviour is  included i n  
Section 5 of this volume.  Bulk sample lots were also  excavated 
from two l o c a l i t i e s  i n  Trench A for  washability tests done a t  
Warnock-Hersey Professional  Services Ltd.  i n  Calgary. These 
samples,  designated  as X and Y ,  each consisted  of  approximately 
five tonnes which were p u t  through a Bradford  Breaker and col- 
lected i n  sealed 45 gallon drums f o r  shipment. Equivalent 
samples  of  approximately 72 tonnes were taken for washability 
tests a t  the EMR test  f a c i l i t y  a t  Edmonton. Another b u l k  sample 

sent t o  b!arnock-Hersey for  washability tests. All of these 
( Z  sample) of some 12 tomes was collected from Trench B and 

tests have been separately  reported ' to  B.C. Hydro and Power 
Authority (Warnock-Hersey, 1977a, b, c ;  CANMET, 1978). 

123 TOPOGRAPHIC SURVEYS AND M A  

Essential  surveying was done dur ing  1974,  1975, and 1976 t o  

surveys were based on aer ia l  photographs  taken dur ing  the 
provide adequate  topographic maps and control grids. These 

sumner of  1975, after  elevation  control  traverses had been run 
from a Dominion  Government geodetic bench mark a t  Carquile, 
near the junction  of Highways 12  and 97. Additional ground 
control  surveys were done i n  October 1976 by  McElhanney Surveying 
and Engineering Ltd. Following this revised control  survey,  all 
d r i l l  hole  collars were resurveyed fo r  improved accuracy. CMJV 

i 
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produced  in ter im  metr ic   topographic  maps f o r   t h e   c u r r e n t   s t u d y  
through a combination o f  photographic  reproduction  and manual 
draf t ing  techniques.   Metr ic   sca le  Universa l   Transverse  Mercator  
(UTM) g r id   t opograph ic  maps were n o t   a v a i l a b l e   f o r   t h e  1977 mine 
planning  studies.   Al though B.C. Hydro has now produced d i g i t i z e d  
metr ic   topographic  maps a t   va r ious   sca les  based on t h e  UTM gr id ,  
t h e   i n t e r i m   m e t r i c   s c a l e  maps used f o r  most, o f  CMJV's mine  plans 
i n c o r p o r a t e   t h e   e a r l i e r  Dolmage, Campbell g r id ,  with ad jus ted  

measurement coordinates  were  converted  to  metr ic  values  using 
metr ic   va lues  for   coord inates  and  sect ion  l ines.   Imper ia l  

a m u l t i p l i c a t i o n   f a c t o r   o f  0.3048, and t h e   a d d i t i o n   o f  20.8 
metres and 8.8 me t res ,   respec t i ve l y ,   t o   t he   l a t i t ude  and  depar- 

o f  24  100 N and 5800 E fo r   t he   p rev ious   Imper ia l  measurements 
ture  va lues.  The l a t t e r  adjustments  achieved  reference  values 

o f  79 000 N and  19 000 E. The s e c t i o n   l i n e s  on the   cu r ren t  

H t o  2, w i t h  0 omi t ted ,   and .w i th   sec t i on   l i ne  Q a l s o   l a b e l l e d  
CMJV geologica l   p lans and sec t ions   a re   des ignated   by   le t te rs  

a t   t he   re fe rence   va lues  o f  24  100 N, and wi th  depar ture  sect ion 
18 also  denoted as 5800 E. The general  geology map (Figure  2-2 
o f   S e c t i o n   2 )   i s  based  on the  UTM g r id ,   bu t   a l so  shows reference 
s e c t i o n   l i n e s  Q and  18 o f  the  Dolmage, Campbell g r i d .  

124 GEOPHYSICAL SURVEYS 

Various  types of  geophysical  surveys  have been performed on the  
Hat  Creek  property  s ince 1974, w i th   va ry ing  degrees o f  success. 
Those used  by CMJV were: 

(a) Ground  magnetometer  surveys  which  determined  gross 
ou t1   i nes   o f  "baked  zones" containing  baked  c lay- 
s tone  and  c l inker - l i ke   rocks .  These zones were 
p r e v i o u s l y   i n t e r p r e t e d  as pockets o f  burned  coal. 
Figure 2-15 i n  Section 2.5 shows t h e   l o c a t i o n  and 
o u t l i n e   o f   t h e  known baked zones as i nd i ca ted   by  
appreciably  higher  magnetic  readings.  This i s  
a t t r i b u t e d   t o   t h e  presence of   magnet i te   produced 

S e c t i o n   2 . 5   o f   t h i s  volume descr ibes  o ther   phys ica l  
by  thermal metamorphism o f   c l a y s t o n e   s t r a t a .  

aspects o f  -these  baked  zones. 

(b)  Gravi ty  surveys  which  out l ined  the  extent  of   the 
low  g rav i ty   coa l -bear ing   fo rmat ion   by   the   d is t inc t  
nega t i ve   g rav i t y  anomaly. 
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(c) Down-the-hole, geophysical  surveys ti ,e,,   electro- 
logs]  carried  out whenever possible  since  the 
start of the 1974 d r i l l i n g  program, Electro-log 
records are  available  for more t h a n  90% o f  post- 
1974 drillhole  footage, Natural  gama and side- 
wall density logs are the combination generally 
used a t  Hat Creek, because these  are  the most 
definitive. During the 1976 and 1977/78 d r i l l i n g  
programs, occasional stable holes were  logged w i t h  
a focussed beam resistivity  tool. This type o f  
survey requires an open, stable hole condition 
which i s  only rarely encountered a t  Hat Creek. 
To avoid caving and squeezing conditions, most 
holes were  logged through surface  casing and the 
wire-line  drill  rods. 
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1.3 SUMMARY OF GEOLOGICAL AND ANALYTICAL 
IIATA  AVAILABLE 

The vas t  amount o f   g e o l o g i c a l  and ana ly t i ca l   da ta   ava i l ab le  

The types o f  data and the i r   genera l -  adequacy are  as fo l l ows :  
f o r   t h i s   s t u d y  can o n l y   b e   s u m a r i z e d   t o   i n d i c a t e   t h e i r  scope. 

(a) Dolmage, Campbel l 's   descr ipt ive  geological   logs 
f o r   a l l  diamond d r i l l   h o l e s   d r i l l e d   i n  1957  and 
subsequent  years. 

Some l i t h o l o g i c a l  names were i n c o r r e c t l y  used, e.g. 
"sha le"   ra ther   than  c lays tone  o r  mudstone. The records 

ana ly t i ca l   records  do no t  accompany t h e   l i t h o l o g i c a l  
o f  miss ing  or   "shor t "   core  are  o f ten  inadequate.  Sample 

descr ip t ions  . 

(b)  Geophysical  logs f o r   t h e   m a j o r i t y   o f   h o l e s   d r i l l e d  
i n  and s ince  1974. 

Gama ray -dens i t y   l ogs   a t  1 inch: 20 f e e t  and 

1974, 1975, and 1976 holes.  The same geophysical   log 
1 inch:  40 f e e t   l i n e a r   s c a l e  were a v a i l a b l e   f o r   t h e  

combinations  were done f o r   t h e  1977/78 d r i l l   h o l e s   a t  
1:250 m e t r i c   l i n e a r   s c a l e  and  were  reduced t o  1:500 
f o r  convenience i n  handling. A few  "focused beam" 
r e s i s t i v i t y   l o g s  were done for  stable,   open.holes i n  
1976 and i n   t h e  1977/78  program, but  these  were  seldom 

were i n v a l u a b l e   f o r   r e c o g n i t i o n  and c o r r e l a t i o n   o f   t h e  
used. The gamma ray-sidewal l   densi log  combinat ion  logs 

coal  zones, p a r t i n g  markers f o r   t h e  sub-zones, r e p e t i -  
t i o n   o f   o r   l o s s   o f   s e c t i o n  due t o   f a u l t i n g ,   e t c .  

( c )  Dolmage, Campbell geo log i ca l   sec t i ons   a t  
1 inch  : 200 f e e t   f o r  17 cross-sections  from 
74 500 N t o  83 500 N, and 14 l ong i tud ina l   sec t i ons  
f rom 23 000 E t o  16 500 E. 

These p r o v i d e d   t h e   i n i t i a l  means o f   s tudy ing   the   coa l  
zone co r re la t i ons  and general   structure.  
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(d)  Proximate  analyses  data  (dry  basis) i n   t h e   f o r m  
o f  B.C. Hydro's  computer  "printouts"  of sample 
i n t e r v a l s   f o r   c o n t e n t s   o f  ash, v o l a t i l e   m a t t e r ,  
sulphur,  moisture  (as  received), and c a l o r i f i c  
va l  ue. 

These were the   bas ic   p rox imate   qua l i t y   var iab les   inpu t  
t o  CMJV's g e o l o g i c a l   d a t a   f i l e .  The f i xed   carbon 
conten t  was a l s o   l i s t e d  i n  t h e   o r i g i n a l  B.C. Hydro 
pr intouts.   Proximate  analyses  provided  by  the 1977/78 

and c a l o r i f i c   v a l u e .  
d r i l l i n g  program  were ash, moisture, and sulphur  contents 

(e)  Ultimate  analyses,  ash  analyses, and s p e c i a l   t e s t  
r e s u l t s  . 

These data  were l i s t e d   i n   t h e  same i n i t i a l  B.C. Hydro 

Composite  samples  had  been tes ted   f o r  a few  1974  and 
computer p r i n t o u t   f i l e  as the  proximate  var iables.  

1975  diamond d r i l l  holes,  but  most  data  are  from  the 

adequate p r i o r  coverage o f  No. 1 Deposit, no a d d i t i o n a l  
1976 diamond d r i l l   h o l e s .  Because o f   t h e   g e n e r a l l y  

ult imate  analyses  were done on  samples from  the 1977/78 
d r i l l i n g  program. 

Further  d iscussfon  of   proximate,   u l t imate,  and  ash analyses 
and t h e   s p e c i a l   t e s t   i s   p r o v i d e d  i n  Sect ion 5. Examples 
o f  B.C. Hydro's  computer  printouts  of  various  analyses 
f o r  samples from DDH. 76-135 and 136 are  a lso  provided. 

( f )  The B.C. Hydro geologica l  -cross-sect ions  prev ious ly  
d iscussed  were   ava i lab le   a f te r  March  1978. 
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2.1 GEOLOGICAL SETTING 

The Hat  Creek  coal  basin  occurs i n  a topographic   and  s t ructura l  
depression i n  t h e  Upper Hat  Creek  Valley, Coal  measures  and 
in te rca la ted   sed imen ts   o f   cons ide rab le   t h i ckness   i n  a sequence 
o f   T e r t i a r y  sediments  and  volcanics  were  deposited i n  a sedimen- 

was created by   downfau l t ing   o f  a centra l   panel  a long the   s teep 
t a r y  bas in formed  by  fau l t ing.  Th is   bas in ,   o r  graben s t ruc tu re ,  

eas t  and west  boundary  faults, Thus the  younger  rocks o f  t h e  
Hat  Creek  basin on the  lower  s lopes and v a l l e y   f l o o r   a r e  sepa- 
r a t e d  by fau l t s   f rom  the   o lde r   f o rma t ions  on the   r i dges .  Coal 
occurs i n  two  depos i ts   w i th in   the   bas in :   the  No. 1 Deposit, 
t h e   s u b j e c t   o f   t h i s   f e a s i b i l i t y   s t u d y ,   l i e s   n e a r   t h e   n o r t h  end 
o f   t he   bas in ,  and the  No. 2 Deposit  occurs some 5 k i l o m e t r e s   t o  
the  south.  Sediments within the   bas in  have  been d i v i d e d   i n t o  
three  format ions.  The Coldwater  ( lower) and Medicine  Creek 

the  Hat  Creek  Coal  Formation  (central)  comprises  coal  with  lenses 
(upper)   format ions  are  predominant ly  detr i ta l   sediments,  whereas 

and  . interbeds o f   c l a y s t o n e ,   s i l t s t o n e ,  and  sandstone.  Alternating 

s t y l e   o f   t h e   u p p e r   p o r t j o n   o f   t h e   c o a l   f o r m a t i o n   w h i l e   t h e   l o w e r  
l a y e r s   o f   c o a l  and c las t i c   debr is   charac ter ize   the   sed imentary  

Bedrock i n   t h e  area i s  masked by a t h i c k   m a n t l e   o f  till on the  
por t ion   con ta ins  somewhat c leaner   coa l   w i th   fewer   par t ings .  

wes t   s ide   o f   t he   va l l ey ,  and b y   g l a c i o f l u v i a l   m a t e r i a l  on the 
east .  

The s t r a t i g r a p h i c  sequence o f   t h e   g e o l o g i c a l   f o r m a t i o n s   i n   t h e  
Hat  Creek  area i s  shown on  Figure 2-1, w i th   subd iv i s ions  and 
nomenclature  based o.n a r e p o r t  by the  B.C. Department of Mines 
and Petroleum Resources  (Church,  1975). The general  geology o f  
the  area,  Figure 2-2, i s  based on a map by B.C. Hydro. 

Coal i n   t h e  No. 1 Deposit  occurs i n  two  sync l ines;   the  ax ia l  
p o r t i o n   o f   t h e   i n t e r v e n i n g   a n t i c l i n e  has  been  removed  by 
f a u l t i n g .  

The nor ther ly - t rend ing   boundary   fau l ts  appear as l ineaments on 
aer ia l   photographs and  have been confirmed  by  geophysical  surveys 
by Dolmage, Campbe l l .   Three   add i t iona l   fau l ts   appear   to   o f f -se t  
these  two  as shown on Figure 2-2. 
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OLIVINE BASALT M i n o r   o u t l i e r s .  
IPossibly  Miocene) 

FINNEY  LAKE  FORMATION Andesite and dac i te   f lows and 
Aooroximate  thickness  coarselv bedded v o l c a n i c l a s t i c s  
290 metres ( l aha r  j wi th   in te rbedded sand- 

stone, and conglomerate. 

MEDICINE CREEK FORMATION Blue  grey  c laystone,  s i l ts tone, 
Thickness +500 metres vaguely bedded l a c u s t r i n e  

depos i ts ,   h igh ly   benton i t i c .  

HAT CREEK COAL  FORMATION Coal  bearing zones A, B, C, 
Thickness 450-500 metres and D conta in ing   var ied  

propor t ions  of interbedded 

sandstone,  and g r i t .  
c lays tone,   s i l t s tone,   m inor  

COLDWATER  FORMATION 
Thickness +500 metres 

Interbedded  sandstone, s i l t -  
stone,  conglomerate;  minor 
lenses of shaly   coal .  
(The F o o t w a l l   D e t r i t a l  Rocks .) 

-””” UNCONFORMITY AND/OR FAULT CONTACT ----------------- 

SPENCES BRIDGE GROUP Andesite, rhyo l i t e ,   basa l t ,  
d a c i   t e  f 1 ws . 

MOUNT MARTLEY INTRUSIVE Granodior i te .  

CACHE CREEK GROUP 

MARBLE CANYON FORMATION Limestone,  marble. 

GREENSTONE MEMBER Greens tone,  chert ,   phyl  1 i te .  
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F u l l   s i z e  1:1500 scale  geolog ica l   sect ions  have been dra f ted   by  
CMJV t o  show t h e   i n t e r p r e t e d   s t r u c t u r e  and s t r a t i g r a p h i c  sub- 
d i v i s i o n s   o f  No. 1 De os i t .   Four teen  cross-sect ions (H  t o  W 
i n c l u s i v e ,   o m i t t i n g  0 P were  prepared, as w e l l  as l o n g i t u d i n a l  
sec t i on  19. Selected  geolog ica l   c ross-sect ions  are  prov ided on 
Figures  2-3 t o  2-8, i nc lus i ve ,  and  Figure 3-11 o f   S e c t i o n  3. 
Examples o f  B.C. Hydro's  geological   sect ions  are  included i n  
t h i s   r e p o r t  as we l l ,  and are shown on Figures BCH-1 and BCH-2 
fo l lowing  F igure  2-8.  

The presence o f   u n d u l a t i n g   s l i d e   s u r f a c e s  i s  shown on Sections 
T and V, F igures 2-7 and 2-8, respec t ive ly .  These have  been 
i n t e r p r e t e d   f r o m   d r i l l   l o g   d e s c r i p t i o n s   o f   m i x e d   d e t r i t a l   r o c k s  

tha t   o f ten   con ta ins   l a rge   bou lde rs   o f   g ranod io r i t e  and  volcanic 
(wi th   poor   core  recovery)   and  "d is turbed  or   rubbly"   c laystone 

granod ior i te .   Loca l   lenses   o r   i so la ted   b locks   o f   weathered  coa l  
rocks, as w e l l  as b i o t i t e - r i c h  sand derived  from  weathering o f  

a re   a l so   repo r ted   i n   t hese   m ixed   de t r i t a l   rocks ,   f o r  example, i n  
DDH. 76-171 (Sect ion ' r ,  Figure  2-7). I n  DDH. 77-230, a l so  shown 
on Sect ion T, weathered  granodior i te  boulders and a l t e r e d   b a s a l t  
(boulders)   are  descr ibed as unconformable on baked s i l t s t o n e  and 
mixed de t r i t a l s   t ha t   a re   poss ib l y   o f   t he   Co ldwa te r   Fo rmat ion .  
These i n t e r p r e t e d   s l i d e  zones are   cons idered  s im i la r   to   o thers  
'descr ibed  by Go1 der A!;soci ates  (1978). 

Outcrops o f   t h e  Basement Rocks occur i n   t h e   r e g i o n   b u t   a r e  
separated  f rom  the Karnloops Group by  the  boundary  faults. To 
the  nor thwest  and north,   the  Marble Canyon l imestones  are i n  
f a u l t   c o n t a c t   w i t h   t h e   T e r t i a r y   r o c k s   o f  Upper Hat Creek Val ley.  
Spences Br idge Group vo lcan ics   ou tc rop   a long  the  wooded lower 
s lopes of t h e  C lear  Range, southwest o f  Finney Lake. The Mount 
Mar t l ey   I n t rus i ve   f l anks   t he   no r thwes t   co rne r   o f  Upper Hat Creek 
Val ley,  some 3500 metres  west  of No. 1 Deposit. 
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2.2 GEOLOGICAL  STRUCTURE  OF NO. 1 DEPOSIT 

221 MAJOR STRUCTURES 

W 

No. 1 Deposi t  i s  con f ined  w i th in  two fau l t -mod i f ied   sync l ines  
wi th  only  sparse  evidence o f  an eroded,  compressed o r   f a u l t e d ,  
med ia l   an t ic l ine .  No. 7 f a u l t  was in te rpre ted   by  CMJV as a 
s t r i k e - s l i p   f a u l t  which  dislocates  the  two  syncl ines; i t  i s  
shown  on t h e  CMJV cross-sect ions as p a r a l l e l   i n   s t r i k e  and d i p  
t o   t h e   s t e e p   e a s t   l i m b   o f   t h e  main syncl ine,  i .e.,  a bedding 
p lane   f au l t   w i th in   t he   coa l   f o rma t ion   a long   t h i s   s teep ,   eas t  
l imb.  An a l t e r n a t e   i n t e r p r e t a t i o n  has  been developed  by B.C. 
Hyd ro   geo log i s t s ,   p r i nc ipa l l y   f rom  re - i n te rp re ta t i on   o f   t he  
No. 7 f a u l t   s t r u c t u r e  as r e l a t e d   t o   f o o t w a l l   t y p e   d e t r i t a l s  
occur r ing  above f a u l t e d  D-Zone coal  i n  DDH. 76-197, Sect ion J 
( n o t   i n c l u d e d   i n   t h i s   r e p o r t ) .  The r e v i s e d   i n t e r p r e t a t i o n   o f  

nate i n t e r p r e t a t i o n  appears t o  be v a l i d  a t   t h i s  l oca t i on ;  i t  
t h i s  f a u l t . i s  shown on Sect ion P, F igure BCH-1. T h i s   a l t e r -  

should be conf i rmed  e lsewhere  a long  the  s t r ike,  however,  because 
al though it does no t  cause  any apprec iab le change i n  mineable 
reserves, it cou ld  have some a f f e c t  on geotechnical  consideratons 
f o r   i n t e r i m   p i t   w a l l s  and faces. 

No. 8 f a u l t   i s   i n t e r p r e t e d   b y  CMJV as a h igh   ang le   reve rse   f au l t  
whose l o c a t i o n  has been approximately  determined  from a few 
s c a t t e r e d   d r i l l   h o l e s .  The presence o f  deep c o a l   e a s t   o f  No. 8 
f a u l t  i s  i n d i c a t e d   i n  DDH. 74-26  and DDH. 76-126, and a lso  by 
nega t i ve   g rav i t y   anoma l ies   i n   t h i s   reg ion .  The i d e n t i f i c a t i o n  
of the coal occurrences  east o f  No. 8 f a u l t  i s  uncer ta in  a t  t h i s  
time. Two a d d i t i o n a l   f a u l t s   a r e   i n f e r r e d   i n   t h i s   r e g i o n  by B.C. 
Hydro  geologists, as depic ted on t h e i r   S e c t i o n  R, F igure BCH-2. 

Although no coa l   reserves   a re   inc luded  eas t   o f  No. 8 f a u l t   t h e  

cons idera t ions   near   th is   eas tern  edge o f   t he   p roposed   p i t ,  where 
p o s s i b i l i t y   o f   f a u l t  zones here may a lso   a f fec t   geotechn ica l  

very weak rocks   a re   to  be expected i n  any  case. 

The con f igu ra t i on   o f   t he   sync l i nes  and the  genera l   nor ther ly   t rend 
o f   t h e   s y n c l i n a l  axes a r e  shown by zone contours and i n  sub-crop 
o u t l i n e s  on Figures 2-13  and  2-14, respect ively,   which  are  included 

o f   t he   wes te rn  and eastern  l imbs o f   t h e   m a i n   s y n c l i n e   i s   e v i d e n t  
i n  the   f o l l ow ing   sec t i on  on coal sub-zones. The c o n t r a s t   i n   d i p  

on Sections L and R, Figures  2-4 and 2-5, respec t ive ly .  
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The eas t   l imb  o f   th is   ma in   sync l ine   appears  t o  have  undergone 

The main  sync l ine  p lunges  souther ly   a t   an  average  o f   17" .  The 
a d r a g   e f f e c t  and t o  have  been  oversteepened  by No. 7 f a u l t .  

smal ler ,   eastern  sync l ine  p lunges  a t   about  12' t o   t h e   s o u t h  and 
i s   t r u n c a t e d   b y  No. 8 f a u l t  so that   south  o f   Sect ion M, the  
s t r u c t u r e   i s  a homoc l ine   d ipp ing   eas ter ly   a t  23 t o  40" (see 
Figure  2-13). 

Coal p e t r o l o g i s t s   o f   t h e   I n s t i t u t e   o f   S e d i m e n t a r y  and Petroleum 
Geology a t  Calgary,   Alberta  (Geological   Survey  of  Canada, 1978) 
have  concluded  that  the  main  syncl ine was developed as an e a r l y  
s t ruc tu re ,  and t h a t   c o a l i f i c a t i o n   i s   i n d i c a t e d   t o  be  mainly  post- 
fo ld ing.  This  unexpected  conclusion i s  based on pet rographic  
d e t e r m i n a t i o n s ' o f   v i t r i n i t e   r e f l e c t a n c e   v a l u e s  and re la ted   rank  
p l o t s   o f   H a t  Creek  coal samples from d r i l l  cores. The CMJV 
geologis ts   cons ider   'chat   th is   conc lus ion needs f u r t h e r   s t u d i e s  
before it can  be  unequivocally  accepted,  but it may i n d i c a t e   t h a t  
the  present  syncl inal   structures  were  formed  ear ly,  i n  separate 

w i th   pea t  accumulation and c y c l i c   d e p o s i t i o n   o f   a r g i l l i c  sediments 
s t r u c t u r a l  troughs i n  which  progressive  subsidence was concomitant 

222 SUBSIDIARY FAULTS AND FOLDS 

The present  study has r e s u l t e d   i n   i n t e r p r e t a t i o n  o f  two  minor 
f a u l t s  towards  the  southern edge o f   t h e   d e p o s i t  as shown  on 
Sect ion V ,  Figure  2-8, and  Section W ( n o t   i n c l u d e d   i n   t h i s  
r e p o r t ) .  These are  cons idered  to  be g rowth   f au l t s   merg ing   i n to  
t h e   s t r a t i f i c a t i o n .   M i n o r   f a u l t s  and f o l d s  have a l so  been iden- 
t i f i e d   f r o m   t h e   T r e n c h  A exposure  and  f rom  the  short   adi ts  dr iven 
wester ly  f rom  the  west bank o f  Hat  Creek i n  1924. It i s   s i g n i -  
f i c a n t   t h a t   i n  35 metres o f  advance, A d i t  No. 2 (see  Figure  1-1) 
t ransected  two  minor   sync l ina l   fo lds  separated by a f a u l t   d i s l o c a t e d  
an t i c l i ne .   Undoub ted ly   t he   genera l   s t ruc tu re   i n te rp re ted   a t   p resen t  
f o r  No. 1 Deposi t  i s  ove rs imp l i f i ed ,   bu t   t h i s   i s   p robab ly   t he  most 
p r a c t i c a l  approach i n  a b road   i n te rp re ta t i on  based  almost who1 l y  
on d r i l l   h o l e   c o r r e l a t i o n s   ( g e o l o g i c a l   l o g s  and e lec t ro logs ) .  

Both  reverse  and  normal  type  displacements  were  indicated on 
m ino r   f au l t s  mapped i n  Trench A. A ser ies   o f   c lose ly -spaced 
s t e p   f a u l t s  were  noted i n  C-l* d e t r i t a l   r o c k s   t h a t   a r e  exposed 

* Sub-zones within the   four   ma jor   coa l -bear ing  zones o f   t he   Ha t  
Creek  Coal  Formation r e f e r r e d   t o   i n   t h i s   d i s c u s s i o n   a r e  
d e s c r i b e d   i n  more d e t a i l   i n   S e c t i o n s  2.3  and 2.4. 
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below B coal  zone.  These w e s t e r l y   d i p p i n g   m i n o r   f a u l t s   w i t h  
apparent  normal  displacement were descr ibed as s t r i k e - s l i p  
fau l t s   w i th   t he   wes te rn   b lock   hav ing  moved no r thward   re la t i ve  

more  complex i n  t h a t  changes i n  s t r i ke   and/or   d ip   a re   apparent  
t o   t he   eas te rn   b lock .  The m ino r   f au l t s  mapped as th rus ts   a re  

w i th in   sho r t   d i s tances .  

An o v e r t u r n e d   f o l d   i s   d e p i c t e d   i n  A-1 coal  zone  on Sections S, 
T, U, V ,  and W .  This  i s   i n te rp re ted   f rom  ove r tu rned ,   repea ted  
s e c t i o n s   o f  A-1 i n   s e v e r a l   d r i l l   h o l e s ,   v a r y i n g   f r o m   i n v e r t e d  
m i r r o r  images t o   p a r t i a l   d u p l i c a t i o n s  as i n t e r p r e t e d   v i a   t h e  
electrologs.  Both  the  general  bedding  angles i n  core and the  
coa l   ana lyses   lend   add i t iona l   con f i rmat ion   o f   the   over tu rned 
r e p e t i t i o n s .  The s t r u c t u r a l   s t y l e   r e p r e s e n t e d   i s   t o t a l l y  d i f -  
fe ren t   f rom  tha t  o f  t h e   r e s t  o f  t h e   d e p o s i t ;   t h i s   t y p e   o f   f o l d i n g  
i s  c o n s i d e r e d   t o   b e   t h e   r e s u l t   o f   p l a s t i c   d e f o r m a t i o n  o f  weakly 
l i th i f ied ,   in te rbedded  coa l , .and  a rg i l l i c   sed iments .  The a x i s  
of the   over tu rn  may be j u s t  below a now-eroded, nea r l y   ho r i zon ta l  
t h rus t ,   w i th   eas tward   d i rec ted  movement o f   t he   upper   p la te .  
D i f fe ren t ia l   compact ion  and  slump d is locat ions  are  cons idered 

a t   va r ious   t imes   a long   t he   wes te rn   marg in   o f   t he   depos i t .   I n  
t o  have  been sedimentat ion-al l ied  processes  that   probably  occurred 

th i s   reg ion ,   f l uc tua t i ons   i n   bo t tom  s lope ,   ve loc i t y ,  and sediment 
foad  o f   near-shore  currents   have  resul ted i n  a "shel f"   marginal  

be  expected, as we l l  as minor   fo lds and growth   type   fau l ts   t yp ica l  
zone where a v a r i e t y  o f  pr imary  sedimentary  structures  are  to 

o f   " s o f t  sediment  deformation". 
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2.3 COAL ZONES 

The No. 1 Deposit was d iv ided   in i t ia l ly  by Oolmage,  Campbell 
and Associates (OCA, 1977) in to  four broad coal zones - A,  B ,  
C ,  and D; two predominantly  waste  zones, one a t   t h e  base of A 
and another a t  the  top of C-Zone, were distinguished by  CMJV 
from the better  quali ty  coal  zones,  and designated A-2 and C-1, 
respectively.  These s t ra t igraphic  zones are  dist inguishable 
by the i r   d i s t i nc t ive   p ro f i l e s  on electrologs and by their   var ied 
lithology  noted  in  drill  core.  Figure 2-5 shows the broad zones 
A-1,  A-2, B-1,   C-1,  C-2, and D-1, as well  as  the  quality sub- 
zones subsequently  established by  CMJV (see  Section  2.4). General 
l i thological   descr ipt ions of the  zones are  as  follows: 

A-Zone ( A - 1 )  consists  of up t o  170 metres of coal seams  and 

stone and sandstone.  Partings comprise up  t o  25 % of the   to ta l  
interbedded  claystone and carbonaceous mudstone, with minor s i l t -  

section i n  beds.varying i n  depth from a few centimetres t o  6 
metres. The contact  with  strata of the  overlying Medicine Creek 

t ion from a homogenous, vaguely bedded lacustrine  claystone 
Formation is  sharp and represents an abrupt change in  sedimenta- 

sequence to   cyc l i c  sequences of 'carbonaceous material and 
claystone-mudstone. Most of  the  coal i n  A-1 i s  of be t te r   qua l i ty ,  
b u t  i s   s ign i f icant ly   d i lu ted  by the  interbedded  claystone, mudstone 
pa r t ings .  

A-2 Zone, in  the  basal  part of A-Zone, consists mainly of l i gh t  
olive  grey  claystone w i t h  t h i n  interbeds o f  carbonaceous mudstone 
and "shaly coal".  The "shaly  coal"  interbeds  are  typically u p  t o  
3 metres of carbonaceous material w i t h  an ash  content of about 
60% and an average calor i f ic   value of 4000 Btu/lb. This zone 
varies from 9 t o  24 metres  in  thickness;  the  thinnest  spots occur 
i n  the   east  limb of  the main syncline, and possibly  represent 

the  southwestern margin o f  the  deposit .   This  is  predominantly a 
deformational  thinning  in  this  region. A-2 Zone thickens towards 

rock unit  and throughout  the  deposit,  presents a d i s t inc t ive  
prof i le  on electrologs.  

B-Zone i s  a layer  about 75 metres deep containing  better  quali ty 
coal  with generally minor c laystone  or   s i l ts tone  par t ings;  towards 
the  western and southwest  flanks of the main syncline, however, 
there i s  an obvious gradational  increase  in  the number  and thick- 
ness of claystone  interbeds. The ranges  of calor i f ic   values  
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shown on Section P.  Figure 3-11  of Section 3 ,  i l l u s t r a t e   t he   ea s t  

A is   located i n  t h i s  western  fringe  area, and the  quality  here i s  
t o  west  "shale-out"  effect  in B and C zones. Bulk sample Trench 

reduced  because o f  increased ash content. B-Zone coal  often 
contains bands of  resin  "beads". 

C-1 Zone, the upper  portion of C-Zone, i s  predominantly a "waste" 
t o  low-grade  coal u n i t ,  i . e . ,  w i t h  an average  calorific  value of 
less than 4000 B t u / l b ,  i n  the  central   portion of the main syncline 
and i n   i t s  western  limb. T h i n  lenses of muddy coal a re   in te r -  
spersed w i t h  beds of clay-rich  materials,  sandy claystone t o  
bentonitic  sandstone, and minor grit and pebble  conglomerate. The 
thickness of C-1 varies from 10 t o  30 metres. In the  s teep  east  
l i m b  of the main syncline,  C-1 Zone contains  thicker  lenses of 
be t te r   qua l i ty  coal (>4000 Btu/lb) and contributes t o  the planned 
boi le r   feed .   This   i s   a l so   t rue  i n  the  East Bench area between 
No. 7 and No. 8 f a u l t s ,  where a l l  o f  C-1 and C-2 zones are  well 
above the  cut-off  grade  of 4000 Btu/lb. 

- C-2 Zone consis ts  of l en t i cu la r  coal seams  of variable  thickness, 
interbedded w i t h  l en t icu lar  and  wedge beds of s i l t s tone   to   coarse  
sandstone, g r i t ,  and pebble  conglomerate.  Thickness varies from 
30 t o  60 metres. C-2 Zone manifests an obvious  western  shale-out 
f r inge ,  w i t h  pronounced thickening of d e t r i t a l  rock units and 
corresponding  thinning of the coal  sequences. The content of 

C-2 Zone; limestone  lenses and calcareous  concretions  are  also 
lenses of s i d e r i t e  and pe t r i f ied  wood is  noticeably  higher  in 

wedges a re   a t   l ea s t   pa r t ly  of marine or igin.  
evident. These occurrences  suggest  that some of the d e t r i t a l  

D-Zone contains  the most consis tent   bet ter   qual i ty  coal of the 
en t i re   depos i t ,  usually w i t h  an average calor i f ic   value  greater  

metres i n  thickness,  with a gradual westward thinning  evident i n  
than 8000 Btu/lb. I t   v a r i e s  from 60 metres to   s l igh t ly   over  100 

missing i n  this region  (Section S ,  Figure 2-6 as  evidenced on 
the  western limb of  the main syncline. The u per " leaf"  of D is 

the  geophysical  logs, and C-Zone detri tals  consequently  overlie 
a diminished D. This may be  due to  erosion of the upper part  
of D ,  o r  a1 ternat ively , t o  non-deposition. D-Zone contains a few 
partings up t o  two-thirds  metre  thick, and several t h i n  (10 cm), 

zones of  resin beads a re   charac te r i s t ic .  The  D-Zone coal i s  
light-coloured ash beds a re  commonly present. Broadly banded 

d is t inc t ive ly  blocky,  with a generally  bright  lustre and 
conchoidal f racture .  

P 
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2 . 4  COAL SUB-ZONES 

W 

sect ion,  further divisions  of sub-zones as shown on Table 2-1 
From the s i x  s t ra t igraphic  coal zones described in the previous 

were made by CMJV t o  improve local  coal  quality def ini t ions.  

The four sub-zones i n  A-1 coal zone are  defined by the  tops  of 
the   th ree  most continuous  partings i n  the  zone. The par t ing  
markers a re  A-4, A-9, and A-11 as  labelled on the  included sample 
geophysical  log  (Figure 2-9) fo r  DDH. 76-136. Character is t ic  
gama  ray and densi ty  log peaks a re  used to   i den t i fy   t hese  marker 
horizons  throughout most of  the  deposit. The basic   pr inciple   is  
that  the  geophysical  logs  reflect  the  varied coal zone l i thologies  
and provide a means of  sub-zone correlat ion between dr i l l   ho les  
tha t   i s   be t te r   than   in te rpre ta t ion  of available  descriptive  logs 
or   analyt ical   data .  Gama  ray log  peaks e s sen t i a l ly   r e f l ec t  
claystone  interbeds  (partings) w i t h  re la t ive ly  h i g h  radioactive 

o f  the increase in density  of rock versus coal or coaly  material. 
K ion content. The corresponding density log peak is  the   resu l t  

! 

Two sub-divisions of B-1  Zone are  based on sub-zones o f  nearly 
equal thickness  that   are  identifiable on geophysical logs.  C-2 
coal zone is  divided  into two sub-zones tha t   a re   a l so   ident i f ied  
and correlated  via  geophysical  logs. C-2 often  contains  lenticular 
waste partings of  substantial  thickness b u t  o f  limited  continuity. 

vide  narrower u n i t s  of  generally  better  quali ty  coal,  w i t h  
D-1 coal zone is  sub-divided  into  four  quality sub-zones t o  pro- 

calor i f ic   value 28000 Btu/lb. These D sub-zones are   a lso 
distinguished and correlated  via  the  geophysical logs.  

In the  western limb of the  main syncline, Zones 6-1 and C-2 
exhibi t  a marked increase  in  shale  content. Some of the seams 
and partings used as marker beds in  this  region  are  impossible 

correlat ions i n  order t o  provide  continuity of  s t ruc tura l  sur- 
t o  ident i fy;   separate  sub-zones are  projected  as approximate 

modelling  process. 
faces  that  control  quality  trending  in  the  subsequent computer 

Structural  contour  plans  are drawn for  the  top of each parting 
which identify  the  respective sub-zone surfaces.  Figures 2-10, 
2-11, and 2-12 are  the  contour  plans  for  the  tops of  A-1-1, 
A-2-1, and B-1-1 sub-zones, and Figure 2-13 shows the  contours 
for   the  base  of  sub-zone D-1-4. Figure 2-1.4 similarly  represents 
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TABLE 2-1 

Development o f  Stratigraphic  Sub-Divisions . in No. 1 Coal Deposit- 
Hat Creek  Project Mining  Feasibility  Report 1978 

STAGE 1 
(Dolmage,  Campbell ) 

1976 

STAGE 1 
(Dolmage,  Campbell) 

.1976 

STAGE 2 
(CMJV) 
1977 

STAGF. 3 
[ CMJV) 
1977, 7a 

A 4- 1 A-1-1 Sub-zone 
A-1-2 Sub-zone 
A-1 -3 Sub-zone 
A-1-4 Sub-zone 

A- 2 A-2-1 (generally  waste) 

B B-1  B-1-1 Sub-zone 
B-1-2 Sub-zone 

C c- 1 C-1-1  (waste  and  variable 

c-2 C-2-1 Sub-zone 
C-2-2 Sub-zone 

grade coal) 

D D-1 D-1-1 Sub-zone 
D-1-2 Sub-zone 
D-1-3 Sub-zone 
D-1-4 Sub-zone 

Four broad  coal Designation o f  
zones 

zones, A-2 
two  waste 

and  C-1 
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a map of the  traces of the coal zones where they  subcrop below 
s u r f i c i a l s .  These contours  are  prepared w i t h  the  aid  of  the 
s t ructural   in terpreta . t ion of the  various sub-zones designated on 
geological  cross-sections. The contours  are  cross-checked  against 
these  cross-sections and longitudinal  sections  prior  to being 
digi t ized  for   entry i n t o  the  computer's  geological  file. 

The tops and bottoms of the  respective sub-zones as  intersected 
by dr i l l   ho les   a re  used to   def ine  the  intervals  of sub-zone 
analytical  averages. In  many cases,   the  original sample interval 
did  not conform to   t he  sub-zone  boundaries. The revised meterages 
and the  analytical   variable such as ash and su lphur  content and 
calor i f ic   value i n  Btu/lb  or Mega Joules/kg  are coded and entered 
on punch card  format  for  inclusion  within  the  data  file. 
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2.5 BAKED ZONES 

251 GENERAL  FEATURES 

F igure  2-15 shows t h e   o u t l i n e s  and depths o f   t h r e e  known baked 
zones; these  have  previously been designated as burned o r   b u r n t  
zones. Dur ing  the  current   s tudy,  no d i rec t   ev idence  o f   burned 

noted i n  the  baked  claystone exposed i n  Trench A have l e d   t o  
coa l   o r  o f  a burned zone was observed;  rather,   the  features 

adopt ion o f  the  term  "baked zones" i n   t h i s   r e p o r t .  

The g ross   ou t l i nes   o f   t he   unusua l   su i te   o f   rocks   con ta ined   i n  
the  baked zones  have  been interpreted  f rom  magnet ic  anomal ies 

were conducted by B.C. Hydro i n  1974  and  1975, and add i t i ona l  
p lo t ted   f rom  g round magnetometer  surveys.  Reconnaissance  surveys 

surveys  were  done i n   t h e  summer of 1977. The l a t t e r  were p l o t t e d  
by B.C. Hydro i n  March  1978,  and a supplementary  report   by  the 
System Des ign   D iv i s ion   o f  B.C. Hydro a t t r ibu tes   the   magnet ic  
anomalies to   magnet i te   developed  by  par t ia l   fus ion  o f   the  "burned 
c lays tones" .   I n   t he  Powder R iver   Bas in   o f  Montana  and Wyoming, 
burn  facies  have been e f f e c t i v e l y  mapped w i t h  magnetometer  surveys 
(Hasbrouck  and  Hadsel'l,  1976). These a u t h o r s   c i t e   o t h e r   r e p o r t s  
o f  a s i g n i f i c a n t   i n c r e a s e   i n   t h e  remnant  magnetism o f  baked  clay- 
stone upon cool ing  from  temperatures as low as  200°C. 

A t  Hat  Creek numerous d r i l l   h o l e s  have  penetrated  the baked  zones; 

were t r i coned  th rough these zones, w i t h   l i m i t e d   d e s c r i p t i o n s  
those  that   were  cored genera l ly   repor t   low  recovery.  Many holes 

ava i l ab le   f rom  d r i l l e r s '   r epo r t s .   T rench  A conta ins a 150-metre 
long  exposure  of  baked zone mate r ia l .  A f e w   s m a l l   p i l l a r - l i k e  
outcrops o f   y e l l o w i s h - r e d  and tan  co loured baked c laystone  are 
present on t h e   h i l l s i d e s   f l a n k i n g  Dry Lake,  and open cuts  dug i n  
1959  on the  south and west   s ides   o f   the   lake  exposed  fragments o f  
r e d d i s h ,   v e s i c u l a r   b r e c c i a   i n   t h e   s o i l .  The s i t e   o f  Dry Lake,  as 
i n d i c a t e d  on Figure  1-1, has  been in te rp re ted   by  many inves t i ga to rs  
as an  eroded, co l lapse  s t ruc tu re   tha t   resu l ted   f rom  burned,   fo rmer  
outcrop  coal .   Golder   Associates  repor ts   that   the Dry Lake area i s  
a groundwater  discharge zone; a highly  permeable zone i n  the  

t h a t  o f  Hat Creek. A deep piezometer i n  DDH. 76-150 shows an 
"burn zone" ma te r ia l  occurs above a l e v e l  some 50 metres  below 

anomalous, low  p iezomet r ic   e leva t ion   o f  797 metres ASL; t h i s   i s  
100 metres  west o f   t h e   r e l a t i v e l y   t h i c k  baked zone (65 m) present 
i n  DDG. 76-122 (Sect ion L, Figure  2-4). 
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252 ROCK TYPES AND ORIGIN 

The baked zones conta in  a w i d e   v a r i e t y   o f   d i s t i n c t i v e l y   c o l o u r e d  
and textured  rock  types. Many o f  t hese   a re   redd ish   t o   pu rp le   o r  
orange-hued,  baked, f i ne -g ra ined   c lays tone ,   w i th   i r regu la r ,  
contorted  bedding. A n o t a b l e   c o n s t i t u e n t   i s   o f t e n   d e s c r i b e d  
as nests  of   hard,   coarse  "c l inker" .   Trench A contains a broad 
s t r a t i f o r m  zone o f   c l i n k e r   b l o c k s   a b o u t  8 metres  thick.  Here 

v o l c a n i c   r o c k   i n  a baked  c laystone  between  over ly ing  g lacial  till 
the   b locks   a re   essen t ia l l y  bombs o f   v e s i c u l a r  and scoriaceous 

and the   under ly ing  B coal  zone. Fur ther   east  on Sections P and 

a l so  on Sect ion M, the  baked zone extends  westerly beyond the  
R (F igure  3-11 o f   S e c t i o n  3, and  Figure 2-5, respec t i ve l y ) ,  and 

pro jec ted   subcrop  o f   the  base o f  D-Zone coal,  and  overl ies 
Coldvater   Format ion  det r i ta l   rocks.  Thus, i t  i s  apparent   that  
baked  c laystone  conta in ing  nests   o f   coarse  e ject ive  b locks and 
vo lcan ic  bombs o v e r l i e s   w i d e l y   d i f f e r e n t   s t r a t i g r a p h i c  members 
i n  and immediately  adjacent t o  No. 1 Deposit."';" 

The baked zones may have resu l ted   f rom  vo l can ic   ac t i v i t y   ra the r  
than  f rom  burning  of   outcrop  coal ;   the  baked zones  can also  be 
i n t e r p r e t e d  as o v e r l y i n g  a p re -g lac ia l   e ros ion   su r face   t ha t  
t r u n c a t e s   a l l   o f   t h e   c o a l  zones  and probably  the  Coldwater 
Format ion   de t r i ta l   rocks .  D r .  6.  Nandi  (Nandi  and Brown, 1977) 
s ta tes   t ha t   t he   Ha t  Creek  coal  appears t o  have been subjected 
t o   s i g n i f i c a n t   t h e r m a l   a c t i o n   d u r i n g   f o r m a t i o n .  The reddish and 
purple  baked  appearance  and  the  development o f   t h e   m a g n e t i t e   i n  
the  c laystones  are  considered i n   t h e   p r e s e n t   r e p o r t   t o  be  caused 
by  heat   bu i ld-up  before and during  volcanism,  during  which  the 
e j e c t i o n   o f   l a r g e   b l o c k s  and bombs o f   l a v a  and  fused  wal l rock 
ma te r ia l  was merely bne l i n k   i n  a chain o f  re la ted  events .  

Still unresolved is   de termina t ion   o f   whether   the   baked  c lays tone 
i s   p a r t   o f   t h e   H a t  Creek  Coal  Formation, or  whether i t  i s  equi-  
v a l e n t   t o   p a r t   o f   t h e   M e d i c i n e  Creek Formation. I f t h e   l a t t e r  

unconformable on  the Coal  Formation. 
i s   t h e  case, Medicine Creek s t ra ta   wou ld  be a t   l e a s t   l o c a l l y  
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SECTION 3 

COMPUTER  MODEL DEVELOPMENT 



3.1 INTRODUCTION 

W 

Due t o   t h e   s i z e  and  complexity  of  the  Hat  Creek  deposit,  i t  was 
decided a t   t h e   b e g i n n i n g  o f  t h e   s t u d y   t o  use a computerized 
approach t o  compile  the  coal  reserves and t o   a s s i s t   i n  the mine 
p lann ing   p rocess .   Th is   sec t ion   dea ls   w i th   cons t ruc t ion  of the  
geologica l  model; Sect ion 5.5 i n  Volume I11 dea ls   w i th   t he   app l i -  
c a t i o n   o f  computer  systems i n  mine  planning. 

Severa l   geo log i ca l   f ac to rs   comp l i ca te   t he   de f i n i t i on   o f   coa l  
reserves i n   t h e   d e p o s i t :  

(a)   the  coal   occurs i n  a complex se r ies  of a l t e r n a t i n g  
coal  and rock beds,  and c o a l   q u a l i t y   v a r i e s   s i g n i -  
f i c a n t l y   i n  marked  trends  across  the  deposit. A 

f o r   i n t e r p r e t a t i o n ;  
l a r g e  amount o f   d a t a   i n  a v e r t i c a l  sense was gathered 

(b)  the  coal   occurs i n  a deep, graben-shaped  deposit 
bounded by weak c lay - l i ke   rocks ;  and 

( c )   f a u l t s  and f o l d s  i n  t h e   g e o l o g i c a l   s t r a t a   f u r t h e r  
comp l i ca te   rese rve   de f i n i t i on  and mine  planning. 

The computer  mine model serves  two  funct ions:   (a)   bui ld ing up a 
data f i l e   o f   s e l e c t e d   g e o l o g i c a l  and ana ly t i ca l   da ta  and organiz ing 

and ( b )  app ly ing  the organized  data t o  the fo rmula t ion  and evalu- 
it i n  a manner s u i t a b l e   f o r   r e t r i e v a l   i n   s p e c i f i c   a p p l i c a t i o n s ,  

sys tem  ca l led  MEPS (Mine  Evaluation and Production  Scheduling) 
a t i o n   o f  mine  plans. Cominco had  developed a computerized  mining 

which  had  been  used i n  a range o f   s i tua t ions   f rom  mass ive   porphyry  
copper   deposi ts   to  open p i t  coal   mining  operat ions  in  mountainous 
ter ra in .   Th is   system was adapted t o   t h e   H a t  Creek P ro jec t .  

I n  a d d i t i o n   t o  MEPS, Cominco  had access t o   o t h e r  computer  programs 
t h a t   c o u l d  be app l ied  t o  supplement  the  principal  system. These 
inc luded DATAPOST and OMNITAB. The a p p l i c a t i o n s   o f  OATAPOST t o  

OMNITAB t o  generate  regression  equations and t o   a s s i s t   i n  geo- 
a s s i s t   i n  a r a p i d  assessment o f   c o a l   q u a l i t y   s e c t o r s  and o f  

o f  t h i s  volume. 
s t a t i s t i c a l   e v a l u a t i o n s   a r e   d e s c r i b e d   i n   S e c t i o n s  3.4 and  3.5 
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3.2 MEPS - (BASIC SYSTEM) 

The basic  concept o f  the  MEPS system i s   t h a t  a c o n t r o l l i n g  
superv i so r   f unc t i on   i n te rac ts   w i th   f ou r   ma in   e lemen ts ;   t h i s  
p r i n c i p l e  i s  i l l u s t r a t e d  on the  log ic   d iagram shown on  Figure 

w i th in   the   sys tem i s  based on b locks   o f   va r ious   ma te r ia l s   w i th in  
3-1. The program language i s  For t ran.  The r e l a t i v e   o r g a n i z a t i o n  

columns  bounded by predetermined  grid  dimensions. The f o l l o w i n g  
sect ions  descr ibe t h e   t y p e   o f   r o u t i n e s  shown i n   F i g u r e  3-1. 

MEPS SUPERVISOR 

This  e lement  controls  the  subsequent  computer  funct ions  l is ted.  

MEPS INITIALIZATION 

P r o c e d u r e s   a r e   s e t   o u t   t o   i n i t i a t e  development o f  a MEPS model, 
such as l o a d   e r r o r  messages, and t o   d e f i n e   d i s k   f i l e   s i z e s .  

MEPS DATA 

Functions o f  input,   storage,  and  manipulat ion o f  input   data  are 
con t ro l l ed   by   t he   f o l l ow ing   rou t i nes :  

D a t a   D e f i n i t i o n  - prov ides  input   data  for   check ing 
the  "in-bounds" limits o f  input  values  such as 
co-ordinates and sets  tonnage  factors,   weight ing 
parameters, and  bench he igh ts .  

Data E n t r l  - p rov ides   spec i f i c   j ob   s teps   f o r  each 
type  o f   da ta ,  such as d r i l l  data  designated  by seam. 

Maintenance o f  Data - al lows  updat ing  of   data and 
will de le te   spec i f i ed   da ta   en t r i es  on command. 

S t a t i s t i c s  - p r o v i d e s   s t a t i s t i c a l   l i s t i n g   o f   d a t a  
s t o r e d   w i t h i n   g e o l o g i c a l   f i l e s .  
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324 MEPS CONTOUR 

This  series  al lows  development o f  contours  of  geological  horizons 
and o f  coa l   assay   var iab les   w i th in   the   cons t ra in ts   o f   fau l ts ,  
spec i f ied  gr id   d imensions,   e tc . ,   through use o f   t h e   f o l l o w i n g  
rou t i nes  : 

(a)   Def ine   Gr id  Dimensions - sets   out   spec i f ic   d imensions 
o f   t he   q r i dded   a rea   t o  be considered  durins  subse- 
quent  steps. The b lock  gr id   d imensions  are  a lso 
d e f i n e d   a t   t h i s   s t a g e .  

(b )   Def ine   Inventory   F i les  - spec i f i es   o rde r  o f  storage 
f o r  seams and  assay va r iab les   w i th in   i nven to rv  - 
g r i d   f i l e s .  

(c )   Def ine   Fau l ts  - de f ines   t he .geomet ry   o f   f au l t s   t o  
be appl i e m r i  ng contour ing , 

(d)   Def ine  Boundar ies  in   P lan - defines  boundaries used 
t o   s u b - d i v i d e   t h e   d e p o s i t   i n t o   s p e c i f i c   s e c t o r s   f o r  
subsequent p i t   e v a l u a t i o n   r e s u l t s .  

(e)  Contour I allows  development  of   contours  of   geological  

methods: c lose  t rending,   inverse  d is tance squared, 
hor izons and grade  variables  by one o f   f o u r  op t iona l  

polygonal, and t rend  sur face.  The inverse  d is tance 
squared  method  employed i n   t h e   H a t  Creek model was 
modif ied  by  use o f  a smoothing  radius as descr ibed 
i n  more de ta i l   be low.  

F o l l o w i n g   i s  a d i s c u s s i o n   o f   t h e  MEPS contour   s tep   fo r   t rend ing  
c a l o r i f i c   v a l u e  and  ash  and sulphur  contents.  

Geo log ica l   in te rpre ta t ion  o f  t he   depos i t  has r e s u l t e d   i n  a 
s t r a t i g r a p h i c  breakdown comprising  14  coal  sub-zones,  including 
two u n i t s   t h a t   a r e  ma.inly  low-grade  coal, a t   l ess   t han  4000 Btu / lb ,  

each  sample was i d e n t i f i e d   a c c o r d i n g   t o   t h e  sub-zone wi th   which 
o r  waste. When d r i l l   h o l e   d a t a  were  prepared f o r  key-punching, 

it had been cor re la ted .  The contour ing  procedure  for   est imat ion 

3-4 



of   b lock   g rades  i n  a s p e c i f i c  sub-zone i s  as f o l l o w s :   a l l  samples 
be long ing   t o  a s p e c i f i c  sub-zone i n  each hole  are  weighted  accord- 
i n g   t o   l e n g t h  and spec i f i c   g rav i ty ,   and  the   average  va lue   fo r  
each of t h e   e s s e n t i a l   p r o x i m a t e   v a r i a b l e s   i s   c a l c u l a t e d .  The 
r e s u l t   f o r  each s t r a t i g r a p h i c  sub-zone i s  a ser ies   o f   we igh ted  
average  values f o r   t h a t  sub-zone a t   t h e   p r o j e c t e d   l o c a t i o n   o f  
each d r i l l   h o l e   i n t e r s e c t i o n .  These  averages are  then  ext rapo-  

t o  as contour ing.  The s i z e  o f   t h e   g r i d   i s  var iab le ,  and was chosen 
l a t e d  o r   i n t e r p o l a t e d  over a u n i f o r m   g r i d  by a procedure r e f e r r e d  

t o  be  75-metres  square i n   t h e  Phase I1 model and  25-metres  square 
i n   t h e  Phase 111 model. I n   a s s i g n i n g  a v a l u e   t o  a g r i d   co rne r ,  
the  procedure  fol lowed i n   t h e  Phase 111 Hat  Creek model invo lved 
f i r s t   s e l e c t i n g   t h e  complement o f   t h e   e i g h t   p r o j e c t e d   i n t e r s e c t i o n s  
c l o s e s t   t o   t h e   g r i d   c o r n e r   w h i c h   f e l l   w i t h i n   t h e   s e a r c h   r a d i u s   o f  
500 metres. The in f luence  which each o f   t h e   e i g h t   p o i n t s   c o n t r i -  
butes t o   t h e   e s t i m a t e   o f   t h e   p o i n t   g r a d e   i s   p r o p o r t i o n a l   t o   t h e  
i n v e r s e   s q u a r e   o f   t h e   d i s t a n c e   f r o m   t h e   p o i n t   t o   t h e   g r i d   c o r n e r  
being  evaluated.  Since sample values  are  Subject t o   e r r o r s   a r i s i n g  
from  core  losses,  sampling and c o r r e l a t i o n   e r r o r s ,  and a n a l y t i c a l  
inaccurac ies,   the  est imat ion  o f   grade  by a s i n g l e   i n t e r s e c t i o n   i s  
no t   pe rm i t ted .   I n   o rde r   t o   p reven t  a very  close  hole  from  completely 
dominat ing  the  est imate  o f  a g r i d   p o i n t ,   a l l   h o l e s   c l o s e r   t h a n  
100 metres t o   t h e   g r i d   p o i n t   a r e   w e i g h t e d  as i f  they were 100 metres 
from the  point .   This  100-metre  radius  is   cal led  the  smoothing 
radius.  .The  procedure i s  repeated   fo r  each gr id   corner   across   the  
sub-zone. I n  e f f e c t  a moving  weighted  average i s  developed, en- 
a b l i n g   r e f l e c t i o n   o f   t h e   a p p a r e n t   t r e n d s   i n   c o a l   q u a l i t y .  

Concurrent ly   wi th   the  development   o f   the  grade  gr id   descr ibed 
above, the sub-zone isopach was developed,  and  where the  sub-zone 

e l im ina te  the ex t rapo la t i on  o f  grade  est imates  into  overburden 
thickness was zero,  the  grade  grids  were  also  reduced t o  zero t o  

and a i r .   I n   e s t i m a t i n g   t h e   g r a d e   o f  an ind iv idua l   b lock ,   the  
grades o f  t h e   f o u r   g r i d   c o r n e r s   o f   t h e   b l o c k  were  weighted  according 
t o   t h e  tonnage o f  the  sub-zone  material  represented by  each g r i d  
corner  (derived  from  the  isopach)  and  averaged. 

A sub-zone  isopach f o r  each o f  14 sub-zones  described i n  the  Phase 
I11 geological  computer model i s   s t o r e d  as a s e r i e s   o f   g r i d   b l o c k s  

package. I n   t h e  MEPS Mine  element,  they can be  withdrawn  from 
i n   t h e   i n v e n t o r y   f i l e   o f   t h e  MEPS Contour  element o f   t h e  computer 

storage and inc luded  in   the   numer ica l   eva lua t ion   o f  any increment 
o f   p i t  development o r  can  be d i sp layed   g raph ica l l y   f o r   m ine   p lan -  
ning  purposes.  Displays may be i n   t h e   f o r m  o f  p lan   p ro jec t i ons  
o f   g r id   b locks ,   o r   o f   c ross-sec t ions   wh ich  show t h e   v e r t i c a l  columns. 
Examples o f   t hese   d i sp lays   a re   desc r ibed   i n   Sec t i on  3.6 fo l low ing .  
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Itemized  coal reserves are  displayed b o t h  a5 bench summaries and 
as  total  p i t  summaries, R&serve quant i t ies  and summaries o f  
blocks i n  each  sub-zone  can be l i s t e d  by ranges of calorific  values 
and sulphur and ash  contents. . .. 

325 MEPS MINE 

This series of programs enables the user t o  develop p i t  designs 

pits. The application of MEPS Mine i s  reviewed i n  Section 5.5 
and to   ca lcu la te  the quantity and quality  of  material w i t h i n  these 

of Volume 111 - Mine Planning. 
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3.3 CHRONOLOGY OF COMPUTER MODEL  DEVELOPMENT 

A p p l i c a t i o n   o f  computer  systems to   geo log i ca l   mode l l i ng   f o r   use  

fo l lows:  
i n  mine   p lann ing   o f  No. 1 Deposit a t  Hat Creek progressed as 

Mine  planning was i n i t i a t e d   u s i n g  10 q u a l i t y   s e c t o r s   f o r  
t he   en t i re   depos i t .  Coal q u a l i t i e s  were averaged  by  the 
DATAPOST computer  routines  and  tonnages were ca l cu la ted  
manual ly .   Meanwhi le   geolog ica l   in terpretat ions  o f   the 
depos i t  were being  def ined  by CMJV. 

A '?-zone model  (Phase I )  was developed  us ing  re in terpreted 
s t ructura l   geology and  zone co r re la t i ons ,  Pre-1977 drill 
ho les ,   w i th   t he   excep t ion   o f   t he  1925 ser ies ,  were  used t o  

waste  mater ia ls.  A number o f   a d d i t i o n a l   p o i n t s  were requ i red  
define  the  coal  reserves and t h e   s t r a t i g r a p h i c   l o c a t i o n   o f  

where  data were sparse. MEPS sur face   t rend ing   rou t ines  were 
to   descr ibe   the   topograph ica l  and bedrock  surfaces i n  areas 

graphic  surfaces. 
used t o   p r o v i d e  a th ree -d imens iona l   con tou r   o f   a l l   s t ra t i -  

The 12-sub-zone model (Phase 11) a l lowed a more d e t a i l e d  
i n t e r p r e t a t i o n  of t h e   c o a l   i n t o  12 coal  sub-zones  and  two 
in ter -zonal   waste zones. Again  the  basis was pre-1977 
dr i l l i ng .   Re in te rpre ted   ma jor   zona l   sur faces  were n o t  
s i g n i f i c a n t l y   d i f f e r e n t   f r o m   t h o s e   o f   t h e  Phase I model. 
Sub-zonal  surfaces were in terposed  to   break A-1 Zone i n t o  

two sub-zones, and D-1 Zone i n t o  f o u r  sub-zones. All surfaces 
f o u r  sub-zones, H-1 Zone i n t o   t w o  sub-zones, C-2 Zone i n t o  

were draf ted  manual ly   under   superv is ion  o f   the  geolog is ts  
and d i g i t i z e d   i n t o   t h e  model. Extensive  use was  made o f  
t h i s  model. 

Whi le  the Phase I 1  model was be ing   app l ied  as t he   bas i s   f o r  
m ine   p lann ing ,   t he   spec i f i ca t i ons   o f   t he   f i na l  model, Phase 
111, were  being  reviewed. The r e s u l t s   o f   t h e  1977/78 d r i l l i n g  

s t r u c t u r a l   i n t e r p r e t a t i o n s .  
program  were  used t o   r e v i s e   p r e v i o u s   s t r a t i g r a p h i c  and 
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A-1 Zone  was divided  into 12 provisional  sub-zones,  each 
including a marker consisting  of a correlatable ,   s ignif icant  
waste  parting. An analysis us ing  DATAPOST was carried ou t  
t o  examine the dis t r ibut ion of  calorific  values,  As a 
result i t  was concluded t h a t  a finer  discrimination  than 

was not  warranted. However, the obvious  presence o f  some 
the original  four sub-zones (each containing  several partings) 

coal  occurrences  in both A-2 and C-1 zones  warranted their 
reclassification  as  coal  sub-zones,  rather  than  waste zones 
as  previously  designated. 

A study was conducted  comparing the p rac t i ca l i t i e s  of computing 
time cos ts   to  modelling  accuracy over the range  of 75, 30, 

metre  block s i z e  was chosen as a reasonable compromise  and 
25,  20, 15, and 10-metre  square  vertical  blocks. The 25 x 25- 

t h i s  was bu i l t   i n to  the Phase I11 model. 

The f ina l  Phase 111 model  was completed i n  mid-May 1978 and 

form the b a s i s   f o r   s t a t i s t i c s  and cost  estimating  in  the ’ 

used thereaf ter   to   evaluate  the series  of nesting pits tha t  

f inal   report .  This model incorporated  all new assay  data 

were deleted from the model when data from redril led  holes 
avai lable   to   the end o f  April 1978. Certain  older  holes 

became available.  

(e) From time t o  time i t  was necessary  to  carry o u t  calculations 
tha t   para l le led  the mainstream of geolqgical  modelling, 
including  calculation of parameters such as   specif ic   gravi t ies ,  
and the  geostatistical  research  that  provided  certain  basic 
data for the modelling  process. 
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3.4 DAlAPOST APPLICATIONS 

This system was developed by Cominco  and  had  been used i n  
preliminary  mineral  deposit  evaluations. DATAPOST is  a simple 
storage and re t r ieva l  program that  calculates  average  inter-  
sections  over  specified  stratigraphic  intervals and displays 
the  calculated  values on scaled  plans  or  sections.  

DATAPOST was used 'twice i n  this study. In the f irst  application, 
i t  provided  preliminary  proximate  variable  averages  that  included 
calor i f ic   values  and s u l p h u r  contents  before  the  init ial  MEPS 
model  was constructed. In this analysis  the  deposit was divided 
in to  10 sectors  or reserve  provinces  (see  Figure 3-2) as 
fol1 ow5 : 

(a )   the  uppermost zone, A-Zone,  had too few d r i l l  
in te rsec t ions   to  be broken in to  more than one 
reserve  province; and 

(b)   there  were three  clearly  defined  coal  reserve 
provinces  for each of  the  three remaining  coal 
zones B,  C ,  and D. These provinces were the 
western l imb,  the central  area  of the syncline 
combined w i t h  the  steeply  inclined  eastern l imb ,  
and the p o r t i o n  o f  the  deposit between No. 7 and 
No. 8 f a u l t s .  

The dividing  l ine between provinces  varied somewhat fo r  each o f  
the  sub-zones. The following  calorific  values  (Btu/lb) were 
designated  for  the  various  provinces: 

West Central  East 
Province  Province  Province 

A-Zone 
B-Zone 
C-Zone 
D-Zone 

- - 
2680 

5550 
7250 8680 

2505 
81 15 

5600 
9285  9535 

7775 

This  simple  geological model o f  the  deposit was used for  preliminary 
mine planning and p i t  evaluations.  I t  was replaced  with  the MEPS 
model series early i n  the  study. 
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I n   t h e  second app l i ca t i on ,  DATAPOST was used t o  examine i n  d e t a i l  
t h e   d i s t r i b u t i o n  o f  c a l o r i f i c   v a l u e s   i n  A-1 Zone p r i o r   t o   t h e  
development o f  t h e  14-sub-zone  model as discussed in Sect ion 3.3. 
The 1977/78 d r i l l   r e s u l t s  were a v a i l a b l e   f o r   t h i s   s t u d y .  
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3.5 FUNDAMENTAL STATISTICS 

u 

W 

The computer program OMNITAB was applied  to  provide  l inear 

proximate  variables  such as ash and calor i f ic   value,  and t o  
regression equations t o  evaluate the relationship between 

display  frequency  distribution of the average  assay  values of 
the proximate  variables. The f i r s t   app l i ca t ion  provided  input 

s t a t i s t i ca l   s tud ie s .  
parameters t o  the computer model and the l a t t e r   a s s i s t ed  i n  

Equations  derived by  OMNITAB f o r  use in the MEP.S modelling  process 
and for   other  mine planning  applications i n  the project  included: 

Seam 

A-1 
A-.2 
B-1 
c- 1 
c-2 
0-1 
ALL 

__ 

- 

( a )  the dry  basis  ash  analysis  to i n  situ specif ic  
gravity  l inear  regression,  i .e. ,  

specific  gravity = 1.170 + (.0096 x % ash) 

This was applied  to  coal  in  al l  sub-zones and was 
considered  to represent the i n  s i tu   s ta te ,   including 
capacity  moisture. The equation was derived from 
data  provided by B . C .  Hydro f o r  DDH. 76-135 and 
136. The data   scat ter  and number of sources  are 
obvious  in  Figure 3-3. Asterisks  represent  single 
data  points, numbers represent  coincident  points, 
and X's a re  10 or more coincident  points. 

(b) the ash to  calorific  values  (dry  basis)   l inear 
regressions  for  various  coal zones and a  composite 
f o r   a l l  zones, i . e . ,  

Coefficient n f  
Observations  Equation  Determination 

747 B t u  = 12.373.5 - 139.9 ( x  ash%) 0.994 

330 
48 * B t u  = 10i037.7 - 102.6 ( x  a s h % \  0.865 

80 * B t u  = 10,588.3 - 111.1 ( x  ash%) 0.775 
B t u  = 12,333.5 - 139.0 ( x  ash%) 0.940 

414 B t u  = 11,986.4 - 135.3 ( x  ash%) 0.935 
1024 B t u  = 12,829.8 - 149.8 ( x  ash%) 0.966 
2643 B t u  = 12,580.5 - 144.6 ( x  ash%) 0.966 

* The  low value  for the coeff ic ient  o f  determination  for A-2 and 
C-1 zones a re  n o t  considered  serious  as  neither of these zones 
contributes  significant  coal of fuel  quali ty t o  the mine production. 
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Geost 
b u i l d  

3.6 

a t i s t i c a l  
.i ng , provi 

applicable  of 1 

GEOSTATISTICAL  STUDIES 

iding CMJV with guidelines fo r  selecting the most 
studies preceded and paralleled  geological model 

setting out  parameters such as smoothing radius,  search  radius, 
!he several  optional MEPS Contour routines and fo r  

e tc . ,  in those routines.  

ca lo r i f i c  value i n  the Hat Creek deposit, a s t a t i s t i c  was 
In order t o  examine the var iab i l i ty  of sulphur  content and 

calculated which quantifies the degree  of  correlation between 
pairs  of data  points  at  measured distances and directions from 
one another. This s t a t i s t i c ,  which resembles  the  variance,  dis- 
plays the degree of  interdependence between sample poin ts   a t  
different  separations.  A graph  of the value of the s t a t i s t i c  
(gamma h )  calculated  at  various  separations of data  points  is  
termed a variogram, or more correct ly ,  an experimental  semi- 
variogram. 

Experimental  semivariograms i n  the plane of the   s t ra ta  were 
calculated  for 9 of the 12 stratigraphic  subdivisions i n  the Hat 
Creek deposit. Examples are provided on Figures 3-4 and 3-5. 

sulphur  content, and low variances,  variograms o f  only one  of 
Since 0-Zone coal is   generally of higher calor i f ic   value,  low 

dr i l l   ho les )  were ut i l ized,   as   the  resul ts  of the 1977/78 d r i l l i ng  
the four sub-zones were calculated.  Only Phase I1 data  (pre-1977 

program were unavailable a t  the time of this study. 

In order  to ensure tha t  the sample points were i n  correct   re la t ive 
posit ions,  the coordinates of the  dril l   hole  intersections were 
re-established by graphically  unfolding  the  syncline  about i t s  
north-south  axis. No attempt was  made t o  compensate for the gentle 
northerly  plunge. Further, only dr i l l   holes  on the western side 
of No. 7 and 8 f au l t s  were considered,  correlation  across the 
f au l t s  being  uncertain. The working data,  therefore,  consisted 
of a s e r i e s  of dri l l   hole  intersections of  each s t ra t igraphic  
sub-zone. The d r i l l  hole intersections themselves were  composed 
of the  average of the core  samples,  weighted by length and specif ic  
gravity. 
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The experimental ' semivariograms f o r  each  sub-zone  were ca lcu la ted  
by   de termin ing   ha l f   the  mean squared  difference  between a l l   p a i r s  
o f   i n t e r s e c t i o n s   i n   t h e  'sub-zone.  These values  were  then  grouped 
and averaged  according t o   t h e   s e p a r a t i o n  between the  sample pa i rs ,  
and t h e   d i r e c t i o n  between the  sample pa i r s .  Thus, t h e   v a r i a b i l i t y  
o f   c o r r e l a t i o n   w i t h   d i s t a n c e  and i n   d i f f e r e n t   d i r e c t i o n s   c o u l d  
theore t ica l l y   be   eva lua ted .   In   the   Hat  Creek  case, i t  was found 
t h a t   t o o  few p a i r s   o f  samples  were present i n  the   var ious   d i rec-  
t i o n a l   f i e l d s ,   p a r t i c u l a r l y   i n  A-Zone, t o   p e r m i t   r e l i a b l e   d i r e c -  
t ional   semivar iograms  to  be ca lcu lated;   therefore  on ly   the  average 

discussed  below. 
(omnidirectional)  semivariograms  have been u t i l i z e d .  These are 

The v a r i a b i l i t y   o f   c a l o r i f i c ,   o r  Btu,  value and su lphur   content  

s e n t a t i v e   o f   t h e  volume of   mater ia l   immediate ly   surrounding it i s  
over   shor t   d is tances and the  degree  to  which a sample i s  repre- 

best  demonstrated  by  close-spaced  sampling  of one k ind   o r   another .  
W i t h   t h e   d r i l l i n g   p a t t e r n   a t   H a t  Creek, very l i t t l e  close-spaced 

p r a c t i c e   i s   t o   i n f e r   t h e   v a r i a b i l i t y   o f  a var iab le   over   shor t  
in fo rmat ion  is a v a i l a b l e   t o   d e f i n e   l o c a l   v a r i a b i l i t y .  A common 

d is tances  f rom  the  degree  o f   corre la t ion  over   greater   d is tances 
by pro ject ing  the  semivar iogram  curve  back  to   the  po int  where 
the   d is tance between hypothe t ica l  sample p a i r s  i s  zero. 

This  technique  should be app l ied   w i th   appropr ia te   cau t ion ,  however, 

on  wide sample spacing, and s e v e r a l   f a c t o r s   a r e   l i k e l y   t o   c o n t r i -  
s ince i t  i s  fundamentally an es t ima te   o f   l oca l   behav iou r  based 

bu te   t o   i naccu rac ies   i n   l oca l   es t ima t ion .  These include  analy-  
t i ca l   e r ro r ,   sampl ing   e r ro rs   f rom such  causes as core  losses, 
incorrect   footages,   e tc . ,  and e r r o r s   i n   c o r r e l a t i o n .  

361 BTU VARIABILITY 

A-Zone The character  of  the  average  semivariograms i n  each 
sub-zone i s  somewhat d i f f e r e n t .  A-1-1,  A-1-2,  and A-1-4 show 
i n c r e a s i n g   c o r r e l a t i o n  between  sample pa i r s   a t   d i s tances  up t o  
250 - 350 metres,  beyond  which  the  correlat ion  appears  to be 
random. The presence o f  a nugget e f f e c t  can be in fe r red   f rom 
t h e   c o r r e l a t i o n   o f  sample pa i rs   g rea ter   than 100 metres  apart; 
however, there  are  very few close-spaced  sample  pairs  avai lable 

d i s t r i b u t e d   a t   t h i s  sample spacino, and a substant ia l   nugget 
to   de f ine   th is   parameter .  A-1-3  samples  appear t o  be  randomly 

e f f e c t  can  be i n f e r r e d .  
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B Zone The average  variograms i n   t h e  B sub-zones a r e   q u i t e  
s i m i l a r ,   w i t h  a range o f  about 400 metres and an  in fer red  smal l  
nugget   e f fec t .  

C-Zone These variograms show dec reas ing   co r re la t i on   w i th  

t rend.  A nugge t   e f fec t  can  be i n f e r r e d   i n  C-2-2. 
inc reas ing   d is tance and r e f l e c t   t h e  presence o f   t h e   r e g i o n a l  

D-Zone Since  only one  sub-zone, D-1-2, was ca lcu lated,   the 
behav iour   o f   the   var iab les   in   the   remain ing   th ree  zones is i n f e r r e d .  
D-1-2 average  semivariogram shows inc reas ing   co r re la t i on  between 
sample pai rs   a t   d is tances  less  than  about  350 metres,  beyond  which 
t h e   c o r r e l a t i o n  appears random. The presence o f  a smal l   or   zero 
nugge t   e f fec t  can  be i n fe r red .  

362 SULPHUR VARIABILITY 

A-Zone  The semivariograms f o r  A-1-1 and A-1-2 show high  average 
gamma values  between few pa i rs   o f   po in ts   w i th   less   than  100-met re  
separat ion.   Al though  there  are  too few p a i r s   o f   p o i n t s   t o  be 

are  poss ib le   over   shor t   d is tances.  The remainder o f   t h e  semi- 
r e l i a b l e ,  i t  does i n d i c a t e   t h a t  pronounced  f luctuat ions i n  grade 

d isp lays  a f a i r l y  random s c a t t e r   o f  values. A t  t h i s  sample 
var iogram  fo r  A-1-1, w i th   i nc reas ing   separa t i on  between po in ts ,  

The remainder o f   the   semivar iogram  fo r  A-1-2 shows genera l l y  
spacing,  sulphur i n  A-1-1 zone appears t o  be  randomly d i s t r i b u t e d .  

inc reas ing   var iance  w i th   inc reas ing  sample separat ion,   imply ing 

A-1-3 and A-1-4 show increas ing   var iance  w i th  sample separation, 
the  presence o f  a r e g i o n a l   d r i f t .  Semivariograms o f   s u l p h u r   i n  

up t o  a d is tance  o f   about  400 o r  500 metres,  then random behaviour 
w i th   g rea ter   separa t ion .  A smal l   nugget   e f fect  may be impl ied.  

B-Zone B-Zone semivar iograms  a re   very   s im i la r ,   w i th   e r ra t i c  
behaviour a t  small sample separat ion and the  suggestion o f  a 
regional   t rend  across  the  sampled  port ion o f  the  deposi t .  

C-Zone  C-Zone semivariograms  are much d i f f e ren t   f rom  bo th  B 
and A zones, having a lower  overal l   var iance and much more 
r e g u l a r   d i s t r i b u t i o n .   B o t h   i n d i c a t e   i n c r e a s i n g   v a r i a b i l i t y   w i t h  
sample  separation up t o   a t   l e a s t  800 metres,   probably   re f lect ing 
the  change i n  sedimentary  environment  across  the  deposit.  

3-18 



tui 

D-Zone: Behaviour o f   s u l p h u r   i n  D zones i s   i n f e r r e d   f r o m   t h e  
semlvariograms i n  one  zone, D-1-2, as shown on F igure 3-5. Both 
the  sulphur  grade and var iance i n   t h i s  zone a r e   r e l a t i v e l y   l o w ;  
problems  associated  wi th  h igh  sulphur i n   t h i s  zone a r e   n o t   a n t i -  
c ipated.  The semivar iogram  ind ica tes   inc reas ing   cor re la t ion   to  
approximately 400 metres and  random behaviour a t   g r e a t e r  sample 
spacing. The sca le   o f   F ig t i res  3-4  and 3-5 i s   t h e  same and the  
d i f f e r e n c e   i n   v a r i a n c e  between the  zones i s   i l l u s t r a t e d .  The 
degree o f   c o r r e l a t i o n   o f   s u l p h u r   i n  0-Zone i s   i n d i c a t e d  by  the 
t a b l e   i n   F i g u r e  3-5. 

- 

363 CONCLUSION 

Semivariograms  were  used i n  a q u a l i t a t i v e   r o l e   i n   t h i s   s t u d y   t o  
ga in   fu r ther   unders tand ing   o f   the   behav iour   o f   su lphur  and ca lo r -  
i f i c  value i n   t h e   d e p o s i t ,  and t o   a s s i s t   i n   t h e   s e l e c t i o n   o f  
cer ta in   o f   the   parameters  used i n   t h e  MEPS models.   Geostat ist ics 
was no t  used e x t e n s i v e l y   i n   t h e   H a t  Creek  study. 

Table 3-1  summarizes t h e   c l a s s i c a l   s t a t i s t i c s   s t u d i e d   f o r   c a l o r i f i c  
and sulphur  values i n  No. 1 Deposit. The s tandard  dev iat ions and 
s tandard  er rors   were  used  to   assess  genera l   conf idence  l imi ts   for  

q u a l i t y   t r e n d i n g  was recognized and incorporated i n t o   t h e  computer 
the  average  qual i ty  o f  the  proposed p i t  reserves. As reg ional  

system o f   coa l   reserve   es t imat ing ,   the   ac tua l  chance  of e r r o r   i n  
assess ing   the .average  qua l i t y   var iab les   w i th in   the  No. 1 Deposit 
i s  probably  lower  than  indicated i n  those zones d isp lay ing  pro-  
nounced trends. 
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TABLE 3-1 

Classical (Gaussian)  Statist ics for 
Calor i f ic  and Sulphur Values 

Phase I11 Model 
Hat Creek Project Minina  Feasibi l i ty  Report 1978 - 

Calor i f ic  Value 
Sub-Zone (Btu/lb) 

Sulphur Content 
"~"""""~"""_ """"_"""""""~ (%) 

Std.  Std.  Std.  Std. 
N Mean Dev. Error N Mean Dev. Error 

A-1-1 
A-1-2 
A-1-3 
A-1-4 

8-1-1 
8-1-2 

c- 2- 1 
c-2-2 

D-1-1 
0-1-2 
D-1-3 
D-1-4 

21 5735 985 215 17 0.795 0.192 0.0466 
30 5503 724 132 24 0.723 0.244 0.050 
33 5364 1430 249 26 0.604 0.185 0.036 
36 4921 1352 225.3 28 0.677 0.120 0.023 

44 7123 1721 259.5 36 0.683 0.197 0.033 
48 6480 2055 296.6 40 0.710 0.229 0.036 

50 4288 2463 348.3 44 0.438 0.197 0.030 
62 4850 2538 322.4 54 0.351 0.186 0.025 

67 7971 I541 188.3 62 0.303 0.120 0.015 
74 9123 1370 159.3 68 0.266 0.133 0.013 
79 9685 948 106.6 74 0.299 0.107 0.012 
87 9251 879 94.2 81 0.375 0.107 0.012 

Notes: 1. 

2 .  

3. 

4. 

Variables  analyzed are from sub-zone intersections 
i n  dri l l  holes from the Phase 111 model of the Hat 
Creek Deposit. 

C-1-1  have been omitted. 
S t a t i s t i c s   f o r  the low-grade sub-zones A-2-1 and 

Gaussian s ta t i s t ics   cons ider  no correlation between 
data  points,  i .e . ,  random distribution. 

The.high  standard  deviations i n  ca lo r i f i c  values i n  
B-1 and C-2 sub-zones r e f l e c t  the wide ranges t h a t  
occur i n  these units. 
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3.7 COMPUTER MODELLING  DETAILS 

'W 

371 PHASE I - FOUR ZONE MODEL 

This preliminary model provided the f i r s t  computerized estimates 
of the coal  reserves and the f i r s t  opportunity  to  analyze  the 
contents  of manually constructed pits. The sal ient   features  are 
l i s t e d  below. References are  metric  units. 

( a )   In i t i a t ion  
- assigned  property dimension: 

eastlwest ..................... 3450 E t o  8585 E 
north/south ................... 20  650 N t o  26  350 E 

( b )  Data 
- s i ze  of the  vertical  column grid ..... 75 x 75 metres 

108 pre-1977 dr i l l   holes  used for coal qual i ty   data-  
holes from the 1925 series excluded 

- seven f i l l - i n  dummy holes  inserted  for  contouring  surface 
and bedrock 

" in te rpre ta t ion  based on four  coal zones named A - 1 ,  B-1, 
C-2, D-1 

- topographical  surface  described by a large number of 
three-dimensional  points i n p u t  manually to  aid  trending; 
all   other  surfaces  digit ized  for  input 

- non-sampled drill  hole  intersections  of  parting  material 
assigned  values of  80% ash and 1000 Btu/lb 

- "Baked  Zone" included  with  overburden 

( c )  Contour 
Three-dimensional  surfaces were modelled by the close 
trending method. Seam B t u  values were contoured by the 
modified inverse square of the distance method. 

W 
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372 PHASE I1  - TWELVE SUB-ZONE MODEL 

This  model superseded  the Phase I model a t  t he   m id -po in t   o f   t he  
study  and was used  extensively as a mine  p lanning  too l .   D i f ferences 
i n  model l ing compared t o  Phase I a r e   l i s t e d  below. 

( a )   I n i t i a t i o n  
- no  changes i n  property  dimension 

(b)  
- no changes i n  d r i l l   h o l e   d a t a  

The f o u r  zones o f  Phase I were s p l i t   i n t o  a s e r i e s   o f  
sub-zones  by s e l e c t i n g   c o r r e l a t a b l e   p a r t i n g s  as markers. 
S p l i t s  were as fo l lows:  
A-1 i n t o  A-1-1, A-1-2, A-1-3, A-1-4 
B-1 i n t o  B-1-1, 8-1-2 
C-2  i n t o  C-2-1, C-2-2 
D - l  i n t o  D-1-1, 0-1-2,  0-1-3, D-1-4 
A-2 and C-1  zones were  designated as waste. All three- 
dimensional  surfaces  were  manually  contoured  and  digit ized. 
Non-sampled in te rsec t i ons  of p a r t i n g   m a t e r i a l s  were 
a r b i t r a r i l y   a s s i g n e d   v a l u e s   o f  80% ash  and 1000 Btu/ lb .  

(c)  Contouring 

- no  changes i n  method  from  the Phase I model 

373 PHASE 111 - FOURTEEN SUB-ZONE MODEL 

This model was completed i n  mid-Apr i l  1978 a f t e r   a n a l y t i c a l   r e s u l t s  
f rom  the  1977/78 d r i l l i n g  program  and the  subsequent  geological 
r e i n t e r p r e t a t i o n s  became ava i l ab le .  The resu l t s   i nc luded  a 
steepening o f  A and B zones on the  west   f lank and ind i ca ted  
l o c a l i z e d   o v e r t u r n i n g   o f  some A-Zone coal  beds. As a r e s u l t  much 

4000 B tu / l b )  t h a t  was i n t e r p r e t e d  as B-Zone i s  shown as  C-Zone i n  
o f   t h e  seam waste (< 3000 Btu / lb )  and low-grade coal  (3000 t o  

t h e   f i n a l  model. S i m i l a r   m a t e r i a l s   p r e v i o u s l y   i n  A-Zone are now 
i n  B-Zone. Other changes i n  seam surface  contours  resul ted  not 
on ly   f rom new i n f o r m a t i o n   i n   t h e  1977/78 d r i l l   h o l e s   b u t   a l s o  from 
rev i sed   co r re la t i ons   i n   p rev ious   ho les .  
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O t h e r   s i g n i f i c a n t  changes included: 

- r e d u c t i o n   o f   t h e  column g r id   f rom 75 x 75 metres t o  

- use o f  a more recent   topographica l   sur face map - replacement i n  t h e  model o f  some o l d  d r i l l  h o l e s   w i t h  new, 
r e d r i l l e d   h o l e s  i n  which sample d i sc r im ina t i on  was more 
prec ise  

- i n c l u s i o n   o f   t h e   c o a l   i n  A-2 and C-1 zones i n   t h e  model 

25 x 25 metres f o r  computing economy 

Mode l l i ng   d i f f e rences   a re   l i s ted   be low.  

( a )   I n i t i a t i o n  
- property  dimensions  reduced  to: 

east/west ..................... 4050 E t o  8550 E 
nor th/south ................... 22 450 N t o  26 450 N 

(b) 
- seven o f   t h e  1957, 1959 d r i l l  holes  deleted and replaced 

w i t h   h o l e s   d r i l l e d   i n  1977/78 

- 19 pre-1977  holes  and-eight  1977/78  holes  excluded - they 
were e i t h e r   t o o   s h a l l o w   o r   o u t s i d e   t h e   o u t l i n e s   o f   t h e  
def ined  deposi t  

- 13 pre-1977 and s i x  1977/78 d r i l l  holes  excluded - they 
f e l l   o u t s i d e   t h e   l i m i t s   o f   t h e   r e s e r v e s .  These holes were 
e i the r   sou th  o f  Sect ion W where de ta i l ed   geo log i ca l   i n te r -  
p r e t a t i o n   i s  complete, o r   e a s t   o f  No. 8 f a u l t .  It i s  

some coal  east o f  No. 8 f a u l t ,   b u t   d r i l l i n g   t o   d a t e  has 
known t h a t   s t r i p p i n g   f o r   t h e   3 5 - y e a r   p i t  will encounter 

no t   expec ted   to  have a s i g n i f i c a n t   e f f e c t  on f e a s i b i l i t y .  
been unable t o   q u a n t i f y   t h e  amount. o r   q u a l i t y .   T h i s   i s  

- two  ho les  exc luded  that  showed overturned  coal  beds; a 
manual approximation was modelled 

- 14  ho les  used  on ly   for   def in i t ion  o f   bedrock  sur face;   coal  
i n te rsec t i ons  were o u t   o f  bounds f o r  one o f   t h e  reasons 
o u t l i n e d  above 

- sulphur  assays  not  avai lable i n  11 o f   t h e  1977/78  holes 
when the model was assembled 
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- one 1977/78 r o t a r y   h o l e   w i t h   c h i p  samples on ly  was not  
model 1 ed 

- i n  summary, 23 o f   t h e  49 d r i l l   h o l e s   f r o m   t h e  1977/78 
program  were  useful i n   p r o v i d i n g   c o a l   d a t a   w i t h i n   t h e  
l i m i t s   o f   t h e  model and the   i n f l uence   o f   t he   35 -yea r  
u l t i m a t e   p i t  

- non-sampled in te rva l s   (genera l l y   expec ted   t o  have  an  ash 
qua l i t y   g rea te r   t han  75% [d ry   bas i s ] )   a rb i t ra r i l y   ass igned  
v a l u e s ' o f  80% ash  and  zero  Btu/lb; f o r   t hose  samples 
having an  ash determinat ion  repor ted as less  than 80% ash, 
the  ash/8tu  regress ion  curve  for   the  des ignated zone was 
used t o   a s s i g n  an equ iva len t   ca lo r i f i c   va lue .   For   those 
samples having ash repor ted as 80% o r   g r e a t e r ,  an a r b i t r a r y  
va lue   o f   ze ro   B tu / l b  was assigned. 

- except as noted, a l l   o t h e r   a v a i l a b l e   d r i l l   h o l e   d a t a  
assembled i n t o   t h e  Phase I11 model 

- A-2-1  and C-1-1 zones modelled as coal  zones, b u t   w i t h  
no s i g n i f i c a n t   e f f e c t  towards f e a s i b i l i t y ;   i n   t o t a l   t h e y  
added about 9 m i l l i o n  tonnes o f  somewhat lower  than  average 
q u a l i t y   f u e l   c o a l  and c o n t r i b u t e d   s i g n i f i c a n t l y   t o   t h e  
s t o c k p i l e  of low-grade  coal i n   t h e  3000 t o  400G B tu / l b  
range. 

(c)  Contour 
All three-dimensional  surfaces  were  manually  contoured, 
d i g i t i z e d ,  and  model led  using  the  c lose  t rending method; 
the  modi f ied  inverse  d is tance  squared  t rending  technique 
was app l i ed  t o  the  seam proximate  var iables.  
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3.8 COMPUTER ILLUSTRATIONS OF QUALITY TRENDS 

14 

Graphic  d isplays  produced  by  the MEPS Mine  routines  were  used t o  
i l l us t ra te   t he   coa l   qua l i t y   t rends   demons t ra ted   by   geos ta t i s t i ca l  
s tud ies .   Var ia t ions   in   computer   genera ted   va lues   a re   i l l us t ra ted  
as fo l lows:  

F igure 3-6 shows a p o r t i o n  o f  t h e   c o o r d i n a t e   g r i d   f o r  B-1-1  sub- 
zone, namely,  Sections N, P, Q, R and 17, 18, 19,  and d isp lays 
the  computer   ca lcu lated  b lock  Btu  va lues  for   25-metre  gr id   b locks.  
The approximate  subcrop o f   t h e  base o f  B-1-1  sub-zone also  serves 
as a reference,..  East t o  w e s t   v a r i a t i o n s   a r e   i n   t h e   o r d e r   o f  
270 B t u / l b   a t   S e c t i o n  N, 500 B t u / l b   a t  P, 1200 B t u / l b   a t  Q, 
1300 B t u / l b   a t  R, and  1700 B t u / l b   a t   S e c t i o n  S. Obviously,  there 

approximate  subcrop and f o r  a border zone up t o  200 metres wide. 
i s   a l s o  a marked  north/south t r e n d   i n  c a l o r i f i c  value  along the  

Figures 3-7,  3-8,  and  3-9 a r e   c h a r a c t e r   p l o t s   o f   i s o - c a l o r i f i c  
values f o r  sub-zones B-1-2, C-2-2, and D-1-1, respec t i ve l y ,  
(descr ibed as Seams 7, 10,  and 11 i n   t h i s  sequence o f   t h e  MEPS 
program). On these  f igures ,   con tours   a t  200 B tu   i n te rva l s   a re  
shown across  the  western edge o f   t h e  main sync l ine ,  The general 
t r e n d s   d e p i c t e d   a r e   e a s t   t o   w e s t   o r   n o r t h e a s t   t o   s o u t h w e s t .  The 
t yp i ca l   c ross -sec t i on  on F igure 3-10 shows a computer  produced 
geo log ica l   c ross -sec t i on   w i th   ou t l i nes   o f   t he   14  sub-zones  and 
25-metre  b locks  wi th  impr inted  Btu  values, so  that   the  eastwest  
t r e n d  i s  a g a i n   i l l u s t r a t e d   i n   t h e  sub-zones, The ranges i n   c a l o r -  
i f i c  va lue  d isp layed on Sections P and 19, Figures 3-11  and  3-12, 

a t  approximately  150-metre  spacing. 
i l l u s t r a t e   i d e a l i z e d   q u a l i t y   v a r i a t i o n s  between diamond d r i l l  holes 
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W 
-CHARACTER PLOT  OF ISO-CALORIFIC VALUES 

FOR  SELECTED SUBZONES 

The f o l l o w i n g  codes apply i n   i n t e r p r e t a t i o n   o f   t h e  
iso-ca lo r i f i c   charac ter   p lo ts   p resented   on   F igures  
3-7,  3-8,  and  3-9. 

Lat i   tude  Depar ture 
Northeast  corner 24587.50 6387.50 
Southwest  corner 23612.50 5012.50 

Code Name and Un i ts   (B tu / lb )  o f  Plo t ted   Va r iab le  

A 

8 

C 

D 

E 

F 

G 

H 

I 

J 

K 

L 

1000 t o  1200 
1200 t o  1400 
1400 t o  1600 
1600 t o  1800 
1800 t o  2000 
2000 t o  2200 
2200 t o  2400 
2400 t o  2600 
2600 t o  2800 
2800 t o  3000 
3000 t o  3200 
3200 t o  3400 
3400 t o  3600 
3600 t o  3800 
3800 t o  4000 
4000 t o  4200 
4200 t o  4400 
4400 t o  4600 
4600 t o  4800 
4800 t o  5000 
5000 t o  5200 
5200 t o  5400 
5400 t o  5600 
5600 t o  5800 

M 

N 

0 

P 

Q 

R 

S 

T 

U 

V 

W 

5800 t o  6000 
6060 t o  6200 
6200 t o  6400 
6400 t o  6600 
6600 t o  6800 
6800 t o  7000 
7000 t o  7200 

7400 t o  7600 
7200 t o  7400 

7800 t o  8000 
7600 t o  7800 

8000 t o  8200 
8200 t o  8400 
8400 t o  8600 
8600 t o  8800 

9000 t o  9200 
8800 t o  9000 

9200 t o  9400 
9400 t o  9600 
9600 t o  9800 
9800 t o  10000 
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4.1 COAL RESERVES 

411 I N  SITU RESERVES 

The est imated  coal   reserves  o f  No. 1 Depos i t   a re   d i v ided   i n to   t h ree  

Proven  and  probable  reserves  are  tabulated i n  Table 4-1. 
ca tegor ies .  - proven,  probable,  and  marginal, as explained  below. 

411.1 Proven  Reserves - 

Proven  reserves  are  c lass i f ied as mineable  reserves  contained 
w i t h i n   t h e   3 5 - y e a r   p i t   t h a t  have a ca lo r i f i c   va lue   g rea te r   t han  
4000 B tu / l b   (d ry   bas i s )  and tha t   a re   se lec ted   f rom  the   depos i t  on 
a s t a t i s t i c a l   b a s i s .  All coal  and  waste  partings i n  each  sub-zone 
are   inc luded i n  the  coal   reserve  ca lcu lat ions.  These reserves  are 
de f ined on t h e   b a s i s   o f  diamond d r i l l   h o l e   i n t e r s e c t i o n s  on a 
150-metre g r i d .  

A l though  these  reserves  are  c lass i f ied as "measured" i n  an o v e r a l l  
sense, t h e y   a r e   n o t   l o c a t e d   i n   d e t a i l  and there  will be  consider- 
a b l e   e r r o r   i n   s p e c i f i c  areas due t o   a c t u a l  seam boundar ies  deviat ing 

observa t ions   tha t   wou ld   con f i rm  cor re la t ions  and fu r ther   improve 
from  the  correlat ions.   Underground  development  could  provide  for  

precede i n i t i a l   s t r i p p i n g   o p e r a t i o n s .  
the   qua l i t y   o f   these  reserves .   C lose-spaced diamond d r i l l i n g   s h o u l d  

G e o s t a t i s t i c a l   s t u d i e s   i n d i c a t e   t h a t   t h e   t r u e   a v e r a g e   c a l o r i f i c  
value o f  A-Zone coal  will l i e   w i t h i n  ? 300 B tu / l b  o f  the  est imated 
average.  Wider  ranges o f   c a l o r i f i c   v a l u e   a r e   e x p e c t e d   t o   o c c u r   i n  
B and C coal  zones,  where the   t rue   average  ca lo r i f i c   va lue  may d i f f e r  
by ? 600 Btu/ lb  f rom  the  est imated  average. F o r  D-Zone, t h e   t r u e  
average i s  shown t o  have a very  low  standard  error, i n   t h e   o r d e r  
o f  t 150 Btu / lb .  Because recognizable  t rends i n  c o a l   q u a l i t y  were 

the   ac tua l   s tandard   dev ia t ions  and errors  should  be  considerably 
incorpora ted   in to   the   computer   sys tem  o f   coa l   reserve   es t imat ion ,  

less   than  those  ind ica ted   by   c lass ica l   s ta t i s t i cs .  

Proven  reserves  are  detai led  by sub-zone i n  Table 4-2. 
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TABLE 4-1 

Probable Coal  Reserves i n  No. 1  Deposit 

Hat   Creek  Pro ject   Min ing  Feasib i l i ty   Repor t  1978 

Summary of  Estimated  Proven and 

V' 

% o f   C a l o r i f i c  Ash 
Tonnes" Total  Value  Content  Content 

Sulphur 

( x  106)   (Btu/ l   b)  % % 

PROVEN RESERVES 
(35-year p i t  reserves > 4000 Btu / lb ,   und i lu ted ,   d ry   bas is )  

Zone 1-1 77.5 ' 22.5 561 3  47.8 
A- 2 

0.72 

B-1 . 57.2 16.6  7373 35.6 0.68 

c-2 60.4 17.6 6061 44.4 0.44 
0- 1  149.1 43.3 91 47 24.5 0.31 

- - - - - 
c-1, 

To ta l  . . . . . . 344.2 
Weighted  Average . . . . . . . . . . . . . . . 7515 35.1 0.49 

PROBABLE RESERVES 
(beyond  35-year p i t ,  c a l o r i f i c   v a l u e  > 4000 Btu/ lb ,   undi lu ted,  

d ry   bas is )  
Zone A 139.5  37.4 5227 50 .O 0.69 

B 66.8 
C 

17.9 631 0 43.6 
31.6 

0.72 
8.5 5157 51.1 

D 134.9  36.2  8627 27.9 0.30 
0.40 

~ ~~ 

To ta l  . . . . . . 372.8 
Weighted  Average . . . . . . . . . . . . . . . 6645 40.9 0.53 

TOTAL PROVEN + PROBABLE RESERVES 
( c a l o r i f i c   v a l u e  > 4000 Btu/ lb ,   undi lu ted,   dry   bas is)  

Zone A 217 30.3 5365 49.2 0.70 
B 
C 

124 17.3 6800 39.9 0.70 
92 12.8 5750 46.7 0.42 

D 284  39.6  8900  26.1  0.31 
To ta l  ...... 717 
Weighted  Average ............... 7060 38.0 0.51 

* Spec i f i c   g rav i t i es   used   t o  compute tonnages r e f l e c t  i n  s i t u  
moisture.  The average i n   s i t u   m o i s t u r e   i s  25% f o r   t h e   t o t a l  
i n  place  reserves. 
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TABLE 4-2 

Sub-zone  Breakdown o f   H a t  Creek 
No. 1 Deposit  Proven  Reserves* 

Hat   Creek  Pro ject   Min ing  Feasib i l i ty   Repor t  1978 

Tonnes Total  Value  Content  Content 
% o f  C a l o r i f i c  Ash Sulphur 

( X  106)  (Btu/ lb)  % % 

Sub-zone  A-1-1 
A-1-2 
A-1-3 
A-1-4 

To ta l  Zone  A-1 

Zone A-2- 1 
Sub-zone B-1-1 

To ta l  Zone 6-1 
6-1-2 

Zone c- 1 
Sub-zone C-2-1 

c-2-2 
Tota l  Zone  C-1 

Sub-zone D-1-1 

D-1-3 
D-1-2 

0-1-4 
Tota l  Zone D-1 

12.6 
28.9 
12.1 

61 15 
5624 
5874 

" - 23.9  5204 
77.5 22.5 5613 

- 

30.5 
- 

7494 
- 

" 
26.7  7234 
57.2 16.6 7373 

- 

9.2 5529 
21.5  5926 
29.7 6323 
60.4 17.6 6061 

45.1 841 1 
36.7 951  1 
32.1  9706 

149.1. 43.3 9147 
35.2 9201 

_- __. - 

" - 

44.5 0.80 
47.7 0.74 
46.2 0.63 

47.8  0.72 
- 50.4 0.69 

- 
34.6 0.66 

35.6 0.68 

48.7 0.49 
45.3 0.49 

44.4 0.44 

29.1 0.30 
21.9 0.29 
20.7 0.30 

24.5 0.31 

- 

- 36.7 0.70 

- 42.4 p.38 

- 24.8 0.37 

TOTAL.. . . . . . . . . . 344.2 100.0 

WEIGHTED AVERAGE ................ 7515 35.1 0.49 

* Reserves o f  35-year p i t  > 4000 Btu/ lb ,   undi lu ted,   dry   bas is  
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41 1 . 2  Probable Reserves 

'W 

W 

Reserves of the No. 1 Deposit  classified  as  probable are those 
lying beyond the boundary  of the 35-year p i t  which are  not  included 
i n  a def in i t ive  mining plan, b u t  which are  as  well-defined by 
diamond dri 11 i n g  as  the proven reserves. 

Most of the probable  reserves l ie   within an "expanded p i t "  which 
extends  both l a t e ra l ly  and ver t ica l ly  from the l imits  of the 
35-year p i t  (see Figure 4 - l ) ,  and  which reaches  a bottom elevation 
of 450 metres ASL; although drawn to  geotechnically designed 
slopes,   detailed mine planning  for this p i t  has not been carried 
out.  

The probable reserves, which are  tabulated on  '!@le 4-1, were 
calculated  as  follows. The outline of the expanded p i t  was 
plotted on sections and d i g i t i z e d  in to  the computer model. The 

elevation of 500 metres ASL, and the additional  tonnage t o  450 
computer subsequently produced tonnage and quality  estimates t o  an 

metres was calculated  manually. To calculate the remaining  prob- 

elevation were projected  to  reasonable,   specific  l imits  as  outl ined 
able  reserves beyond the expanded p i t ,  the coal zones below th i s  

bel ow: 

Sections S ,  T ,  and U ............ t o  the base  of D-Zone coal 

Section V ....................... t o  the west of Longitudinal 
Section  18,  coal zones B t o  
D inclusive above 500 m ASL 

....................... t o  the eas t  of Longitudinal 
Section 18, down to  the  base 
of B-Zone 

Section W ....................... above 500 m ASL only,  coal 
(extending  to  lat i tude zones B t o  D inclusive 
23 100 N )  

The expanded p i t  provides f o r  mining 93% of the total  proven and 
probable reserves t o  450 metres ASL a t  an overall strip r a t i o  of 
2:l.  Further deepening of the  pit   to  include the additional 
probable  reserves  projected below i t  could  not be attained w i t h -  
out  a  major  incremental  increase i n  s t r i p   r a t i o .  
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41 1.3  Marginal  Reserves 

w 

These reserves  cons is t   o f   the  est imated  quant i t ies   o f   low-grade 
coal  a t   c a l o r i f i c  values  between 3000 and 4000 Btu / lb .  

Unl ike  the  proven and probable  reserves,  the  low-grade  coal 
inc luded as marginal   reserves i s   n o t   d i f f e r e n t i a t e d   h e r e  with 

o f  low-grade  coal  by zone t o  be  mined  over  the l i f e   o f   t h e  35- 
regards t o  zone  and proximate  qual i ty  analyses. The tonnages 

y e a r   p i t   a r e   l i s t e d   i n  Volume 111; C-Zone contains 82% o f   t h i s  
m a t e r i a l ,   w i t h  64% i n  C-2 sub-zone i n   p a r t i c u l a r .  The marginal 
r e s e r v e s   c o n t a i n e d   w i t h i n   t h e   3 5 - y e a r   p i t   a r e   e s t i m a t e d   t o  be 
approx imate ly   16  mi l l ion  tonnes.  The to ta l   marg ina l   reserves  
o f   t h e  No. 1 Depos i t   a re   es t ima ted   t o  be  83 m i l l i o n  tonnes a t  
a c a l o r i f i c   v a l u e  between 3000 and 4000 B tu / l b   (d ry   bas i s ) .  

412 MINEABLE RESERVES 

The estimated  mineable  reserves i n   t h e  35-year p i t  and i n   t h e  
expanded p i t   a r e   d i l u t e d   r e s e r v e s ,  i .e.,  they  are  derived  from 
t h e   i n   s i t u   c o a l  by  reducing  reserve  calculat ions  by 1% t o   a l l o w  
fo r   m in ing   l osses ,  and increas ing   quant i t ies   by  2.5% d i l u t i o n .  

Mineable  reserves  are  tabulated i n  Table 4-3. 
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TABLE 4-3 

Summary o f  Mineable  Reserves f o r  
35-Year Pit and Expanded P i t  

Hat   Creek  Pro ject   Min ing  Feasib i l i ty   Repor t  1978 

Increment 
CMJV 

Product ion  Mater ia l  
t o  Expanded 

35-yr Pit 450 m ASL P i t  

Bank Cubic  Metres x 106 

Coal (>  4000 B tu / l b )  234.3 205.2  439.5 

Non-Fuel Ma te r ia l s  
Low-grade coal  (3000-4000 

B tu / l b )  8.9 38.3 47.2 
Wastes above bedrock 161.1  642.3 803.5 
Wastes below  bedrock 281.8 215.0 496.9 

Tota l   non- fue l   mater ia ls  451.8 895.6 1347.6 

Tonnes x 106 

Coal - d i l u t e d  ( >  4000 B tu / l b )  349.5 327.2 676.7 

Low-Grade Coal 
(3000-4000  BtU/lb) 16.0 67.0 83 .O 

St r ip   Ra t ios   1 .3 : l  2 .7 : l  2.0:l 
(volume o f   non - fue l  grade 
mater ia ls   per   tonne  o f  
coal ) 
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4.2 RESERVE ESTIMATING PARAMETERS 

W 

421 IN SITU MOISTURE 

An i n   s i t u   m o i s t u r e   c o n t e n t   o f  25% was adopted f o r   t h e   c a l c u l a t i o n  
o f   a l l   u n d i l u t e d   r e s e r v e s   i n   p l a c e .   T h i s   d e c i s i o n  was based on 
the   fo l low ing   cons idera t ions :  

(a) The a r i t h m e t i c  mean o f  a s t a t i s t i c a l  summary o f  
a l l   a v a i l a b l e   d r i l l   h o l e  sample r e s u l t s   f o r  
capac i t y   mo is tu re   de te rm ina t ion   i s  24.5% H20. 

(b) The "as  received"   mois ture  content   o f   the 1977 
b u r n   t e s t  samples a t   Ba t t l e   R ive r   ave raged  22%; 
t h i s  average  moisture  condi t ion was preva len t  
a f t e r   s e v e r a l  weeks o f   s t o r a g e   i n   t h e   H a t  Creek 
area and t r a n s i t   t o   A l b e r t a   i n  mid-summer weather. 

( c )  The average  run-of-mine  moisture  content o f  12 
ana lyses   repor ted   fo r  1924 a d i t  samples was 28.3% 

o f  Canada, 1925). These sources  a lso  ind icate an 
(B.C. M i n i s t e r   o f  Mines,  1925; Geological  Survey 

average  "as  received"  moisture  content  of  29.4% f o r  

o f  Mines r e p o r t   a l s o   c i t e s  17.4% Hz0  as the  average 
10  channel  samples  taken i n  No. 2 Ad i t .  The M i n i s t e r  

a i r - d r i e d   a n a l y s i s   f o r  55 a d i t  samples t e s t e d   i n  
1924. 

(d)  The 1976 washab i l i t y  t e s t s  o f  bucket-auger samples 
analyzed  by  Bir t ley  Engineer ing  (1976a)  reported 
an  average "as received"   mois ture.content  o f  23%. 

( e )   I n   . t h e  1977 EMR washing  tests (CANMET, 1978) a mean 
"as received"   mois ture  content   o f  23.4% was reported. 

The e f fec ts   o f   var ious   "as   rece ived"   mo is tu re   con ten ts  on 
c a l o r i f i c   v a l u e s  and ash contents as  compared t o   c a l c u l a t i o n s  
done on " d r y   b a s i s "   a r e   p l o t t e d  on F igure  4-2. 

W 
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422 SPECIFIC GRAVITY 

All MEPS-generated quality  averages  for  drill  hole  data  involve 
weighting by sample l e n g t h  and specif ic   gravi ty .   Similar ly ,   a l l  
tonnage calculat ions,   e i ther  manual or by computer, have used 
tonnage factors  based upon a calculated regression equation 
relating  specific  gravity and ash  content,  as described in 
Section  3.3 of Volume 111, Mine Planning, and shown  on Figure 
3-3 in  Section 3 of this volume. 

423 CALORIFIC VALUE 

A minimum average calor i f ic   value of 4000 Btu/lb (9.3 MJ/kg) has 
been used as  the  cut-off  grade  in  estimating both proven and 
probable reserves. Reasons for   the  select ion of this cut-off 
grade  are described i n  Volume 111, Section  4.3. 

424 PARTINGS 

W All  partings  are  included i n  the  sub-zone reserves. The question 
of s e l ec t iv i ty  of coal  in these folded and fau l ted   sof t  rock 
formations has been studied and the results  are  also  contained 
i n  Volume 111. 

V 
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4.3 VERIFICATION OF  COMPUTER  CALCULATED RESERVES 

The modi f ied ' inverse  d is tance  squared method o f   o r e   r e s e r v e  

are  known t o  have e r r o r s  due t o   t h e   d i s t r i b u t i o n   o f   v a l u e s   i n  
c a l c u l a t i o n  was developed f o r  use  where d r i l l   h o l e  averages 

assaying,  etc. ;   th is  precaut ion  appears  warranted  for   the  Hat 
the  deposi t ,  or i n   c o r r e l a t i o n   o f   s t r a t i g r a p h y ,  sample s ize,  

A f r i c a  and  descr ibed  by  MacGi l l ivray 9 a. (1969). 
Creek  deposit. The method i s   s i m i l a r   t o  one developed i n  South 

A random  check was  made o f   d a t a   i n p u t   t o   t h e  computer  and 
d i f f e rences  were  found t o  be ra re .  A s i m i l a r  check o f   d r i l l  
ho le   averages   us ing   spec i f i c   g rav i ty  was  made and the  work was 
aga in   found  to  be prec ise.  The weighted  moving  averages  calcu- 
l a t e d  by  the  computer  were  not  dupl icated i n  a manual check; 

metres o f  a p o i n t  by a f a c t o r   o f  two, and holes  from 150 t o  
however, a rough  check was  made by   we igh t ing   ho les   w i th in  150 

approximated  the  value a t   p o i n t s   p i c k e d   o f f  sub-zone B t u   i s o l i n e  
300 metres away f rom  the   po in t   by  a f a c t o r   o f  one. This  check 

maps. 

One of   the  best  checks o f  t h e  method i s  by   observa t ion   o f   the  
broad,  smooth B t u   i s o l i n e s  on the  grade  contour maps which  high- 
l i g h t  a t rend  o f   va lues  across  the  deposi t .   Th is   s t rong  t rend 
o v e r r i d e s   t h e   p r i n c i p l e  o f  apply ing  s ingle  grade  sources  to a 
l oca l   b lock .  

Manual checks o f  ore reserve ca l cu la t i ons  were made f o r  nes t ing  
p i t s  1-3 years, 4-5 years,  and 6-9 years  to   determine  the measure 
o f   t h e   p r e c i s i o n  o f  the  computer  simulat ion. 

The manual method was approximate, a p ro jec t i on   o f   c ross -sec t i ona l  
area t o   c a l c u l a t e  tonnes  and a p r o j e c t i o n   o f   t h e   n e a r e s t   d r i l l  
h o l e   f o r   a p p l i c a b l e   g r a d e .   I n   e f f e c t   t h i s  check  introduces a 

s imu la tes   t he   resu l t s   t ha t  will be  experienced due t o   m u l t i p l e  
random d i f f e r e n c e   t o   t h e   g e o l o g i c a l   c o r r e l a t i o n   t h a t   v e r y   l i k e l y  

ev ident  when close-spaced d r i l l i n g   o r   a c t u a l   m i n i n g   o p e r a t i o n s  
f a u l t s ,   f o l d s ,  and other   graben- type  s t ructures  that  will become 

a r e   c a r r i e d   o u t .  
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The r e s u l t s   o f   t h e  manual  check indicate  that ,   percentage-wise, 
t he re  may be l a r g e  sub-zone  tonnage d i f f e rences   on   b locks   o f  
less  than 8 m i l l i on   t onnes .  However, ind ica t ions   a re   tha t   g rade 
d i f ferences will be  qu i te   smal l ,   probably  due to   the   smal l   g rade 
var iat ions  between  adjacent sub-zones i n  a  zone. 

Tabulated  below  are  the  decreasing  probable  d i f ferences  wi th 
inc reas ing  tonnages. 

- STATISTICAL AVERAGE OF  DIFFERENCES 

S ize   o f   B locks  
(tonnes x 106) 

0- 1 
1-2 

2-4 
4-8 
8-16 

16 

% D i f fe rence 
i n  Tonnage 

55% 
2 5% 
15% 
8.8% 
7.0% 
8.5% 

% D i f fe rence 
i n  Grade 

5% 
2.8% 

1.9% 
1 .O% 
1.2% 

2.3% 

More s p e c i f i c a l l y ,   t h e  manual check i n d i c a t e s   t h a t   i n   s p i t e   o f  a 

proposed p i t  will prov ide   fo recas t  tonnages  and  grades w i t h i n  
reasonable amount o f   d e v i a t i o n   f r o m   g e o l o g i c a l   c o r r e l a t i o n s ,   t h e  

a c c u r a t e   l i m i t s   f o r  each o f  a s e r i e s   o f   n e s t i n g   p i t s  as fo l lows:  

Manual Check 

B tu / l b  
tonnes 

Computer 
Ca lcu la t i on  
tonnes 
B tu / l  b 

% D i f fe rence 
by Computer 

i n  grade 
i n  tonnage 

NESTING P I T  YEARS 

- 1-3 4-5  6-9 - 1-9 

20 398 000 22 912  000 43 663 000 86 973 000 
7677 7715 7592 7644 

18 773 000 '  26 568 000 46 512 000 91 853 000 
7497 7543 7523 7523 

-8.0% +16.0% +6.5% +5.6% 
-2.3%. - 2.3% -0.9% -1.6% 
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SECTION 5 

COAL QUALITY 

AND 

FUEL  SPECIFICATIONS 

V 



5.1 COAL QUALITY  ANALYSES 

Reproductions  of  several computer l is t ings  that   provide 
s t a t i s t i c a l  summaries of  the  various chemical analyses and 
physical tests carr ied  out  i n  the  overall  assessment  of Hat 
Creek coal  as a boiler  fuel  are  included on the following 
pages.  Figures 5-1  and  5-2 a r e  examples of B.C .  Hydro's com- 
pu te r   ana ly t i ca l   f i l e ,  showing proximate,  ultimate, and ash 
analyses,   as  well   as  special   test   results  for seven  samples 
from DDH. 76-136. ( I t  should be noted  that   calorific  values 
are  reported under Higher Heat Values, and tha t  ash analyses 
are  reported  as both % Dry Ash and Mole%.) 

Figures  5-3 t o  5-14 inclusive  provide a s e r i e s  of  three computer 
summaries of various  analyses  of samples from each  of  coal zones 
A ,  B ,  C ,  and D .  The f i r s t   s h e e t   o f  each se r i e s  shows results  of 
proximate,  ultimate,  moisture, and selected chemical analyses; 
the second shee t   for  each zone l i s t s  ash fusion  temperatures 
under  reducing and oxidizing  atmospheres. The third  sheet  
summarizes ash analyses  as both % Dry Ash and Mole %. Those 
samples reporting Fez03 >30% and CaO >20% were excluded  because 

' t h e i r  values were i n  extreme  variance w i t h  the general  range. 

These computer l i s t ings   a re   ex t rac ted  from a f i l e   a t  B . C .  Hydro's 
Computer Science Department. Other  computer-generated  reports 
organized by  CMJV from th is   f i l e   a re   the   fo l lowing:  

( a )  Mole % f o r  the mineral  oxides i n  coal ash,  previously  only 
reported  as % dry ash.  Molecular  weights were i n p u t  and 
normalized mole % were calculated by the B.C. Hydro 

fuel  evaluation formulae and ra t ios .  
computer. Mole percentages  are needed for  several   boiler 

( b )  Tabulated  l ist ings and  summaries by each coal zone fo r  
analyses,  as summarized above, fo r  samples tha t  have ash 

which a re  below the  following  "yardstick"  temperatures: 
fusion  temperatures  (initial  deformation-reducing  atmosphere) 

4315" C (2400' F)  
<1200" C (2192" F )  
<1150° C (2102' F)  
<llOOo C (2012' F) 

V 
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F o r   t h e s e   s e l e c t i v e   i n i t i a l   d e f o r m a t i o n   l i s t i n g s ,  23 
samples >3 m th i ck   f rom C coal  zone and  which  reported 
c a l o r i f i c   v a l u e s   ~ 4 0 0 0   B t u / l b  (<9304  KJ/kg)  were  excluded, 

grade tha t   wou ld   no t   be  inc luded i n   b o i l e r  feed. 
as these  were  considered to   represent   coa l  below c u t - o f f  

There i s  a s i g n i f i c a n t   c o r r e l a t i o n   f o r  samples from a l l  
zones t h a t  have  ash i n i t i a l   de fo rma t ion   t empera tu res  
(reducing  atmosphere)  less  than 1200" C, because  these 
samples r e p o r t   d i s t i n c t l y  above zonal  average  values o f  
% CaO,  Fe2O3, and C02. As an example, f o r   t h e  <1200" C 
s e l e c t i v e   l i s t i n g ,   t h e  mean % Ash values f o r  D-Zone samples 
w i t h   t h i s  I.D. range  are 17.8% Fe2O3, 5.11% CaO, 3.27% C02 
as compared t o  D-Zone average o f  6.89% Fe2O3, 3.35% CaO, 
1.33% CO2. The m a j o r i t y   o f  samples t h a t   i n d i c a t e   t h e s e  
lower  ranges o f  ash  deformation  temperature  are  therefore 

average  conten t   o f   s ider i te .  
l o g i c a l l y   i d e n t i f i e d  as conta in ing  an apprec iab ly  above- 

( c )  A r e p o r t   t h a t   c o n s i s t e d   o f   u l t i m a t e  and  ash analyses, and 
s p e c i a l   t e s t   r e s u l t s   f o r  samples by each  zone t h a t   y i e l d e d  
c a l o r i f i c   v a l u e s   i n   t h e   f o l l o w i n g  seven  ranges: 

B tu / l  b 
4000 - 4500  9300 - 10 500 ~ ~~~ ~ ~~~ 

4501 - 5500 10 501 - 12 800 
5501 - 6500 
6501 - 7500 

12 801 - 15 100 

7501 - 8500 17 501 - 19 800 
15 101 - 17 500 

8501 - 9500 19 801 - 22 100 
9501 - 10,500 22 101 - 24 400 

A spec ia l   t abu la t i on  l i s t s  the   u l t ima te  and  ash var iab les 

w i th   Hardg rove   Gr indab i l i t y   I nd i ces   repo r ted   a t   t h ree  
f o r  11  samples  from  each o f  DOH. 76-135  and  136, together  

mo is tu re   leve ls .  The Hardgrove  Gr indab i l i t y   Ind ices   o f  
these samples a t   va r ious   mo is tu re   con ten ts   a re   p lo t ted  
on F igure 5-15. 

An a d d i t i o n a l   s p e c i a l   l i s t i n g   o f   h o l e  numbers and  sample 
numbers was prepared  to  show l o c a t i o n s   o f  samples from 
D coal zone tha t   repo r ted  3% Na20 i n   t h e  ash.  These occur- 
rences  were  scattered  local   "nuggets"  except  possibly  those 
r e p o r t e d   i n  DDH. 142, DDH. 156, and ODH. 163 i n   t h e   n o r t h -  
eas t   co rne r   o f   t he   depos i t   ( see   F igu re   1 -1   o f   Sec t i on   1 ) .  
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(d )   L i s t i ngs   equ iva len t   t o   t hose   o f   F igu res  5-1 and. 5-2  were 
tabu la ted  and summaries p r i n t e d   t o  show the  same var iab les 
f o r  CMJV's p lanned  p roduc t ion   fo r  Year  -1  (pre-production) 
t o  Year 5, and  Years 6-10. These are  g iven on Table 5-1 
fo l l ow ing .  
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TABLE 5-1 

Pro-Rated  Ultimate and Ash Analyses 
for Two P i t  Increments 

Hat Creek Project Mining Feas ib i l i ty  Report 1978 

"_" Pre-production-to"lear 5 """""""""" Years 6 t o  10 
Weighted 

Zone A .3 C .D Mean ..A B C D Mean 
Weighted 

% o f  TOTAL TONNAGE (undiluted) 
21.8 24.9 20.0 33.0 21.9  20.4  27.6 30.1 

ULTIMATE  ANALYSIS (weighted mean values) 

c 

% C  43.32 48.01 29.44 57.81 46.54 40.61 47.05 34.55 56.56 45.05 
% H  4.19 4.21 2.89 4.27 3.96 3.73 4.61 3.00 4.23 3.86 
% N  1.05 0.98 0.64 0.84 0.88 0.88 0.96 0.65 0.95 0.85 
% c1 0.94 0.02 0.01 0.01 0.02 0.04 0.02 0.01 0.02 0.02 
% S  0.73 0.67 0.44 0.33 0.52 0.72 0.62 0.43 0.30 0.49 
% co2 2.34 2.27 3.42 0.82 2.03 1.89 1.84 3.10 0.82 1.89 
% 02 13.90 15.17 12.55 17.01 14.98 13.96 14.32 13.52 16.53 14.69 

ASH ANALYSIS (weighted mean values,  dry  basis) 
% Si02 49.80 47.75 53.10 55.45 51.83 51.36 46.42 51.85 56.00 51.90 
% ~ 1 2 0 3  25.97 23.75 26.14 25.66 25.35 27.32 24.28 27.22 26.51 26.43 
% Ti02 0.82 0.87 0.95 1.11 0.96 0.91 0.75 0.90 0.99 0.90 
% Fez03 11.03 13.95 9.15 5.87 9.66 10.00 15.02 9.27 6.09 9.65 
% CaO 3.67 5.16 3.77 4.97 4.49 2.96 4.26 4.30 4.11 3.94 
% MgO 2.49 1.95 1.96 1.30 1.85 2.01 2.33 1.73~ 1.10 1.72 
% Na20 0.66 1.04 1.16 2.17 1.36 0.80 0.99 1.14 1.84 1.25 
% K20 0.64 0.55 1.00 0.16 0.53 0.81 0.53 0.84 0.28 0.60 



5.2 1977 BURN TEST ANALYSES 
AND PERFORMANCE CONCLUSIONS 

Technical  reports have been submitted t o  B . C .  Hydro  by 
Combustion Engineering Canada Ltd. and  Babcock & Wilcox 
Canada Ltd.  on analyses, test  resu l t s ,  and conclusions from 
observations a t  the 1977 Burn Test a t  the Battle River Power 
Station - August 1 t o  September 1 ,  1977. Proximate and u l t i -  
mate analyses  are  included i n  the i r   repor t s ,  o f  which summary 
averages  are  provided on Table 5-2 f o r  comparison w i t h  the 
ultimate  analyses, ash analyses, and other  equivalent test  
results  presented  in  Section 5.1 above. Mr. D. Burnett of 
MBB Mechanical Services  Limited  of  Halifax, N.S., acted  as 
boiler  fuel  sub-consultant  for CMJV, and was an observer a t  
the Battle  River burn tests. .His main conclusion was tha t  
the Hat Creek bulk  sample d i d  not present any s igni f icant  
problem i n  combustion, slagging,  or  fouling  to the boi ler  
design. Minor ash clinkering problems tha t  were encountered 
in  the  furnace may have been due t o  low excess a i r   condi t ions.  
Trench B coal (D-Zone) burned w i t h  no noticeable  difference, 
and with  amoisture  content  generally  equivalent t o  coal from 
Trench A (B-Zone). 
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TABLE 5-2 

Bat t le   R iver   Burn   Tes t   Resu l ts  
Hat   Creek  Pro ject   Min ing  Feasib i l i ty   Repor t  1978 

Analys is  of 
Raw Coal 

S 0 U R C E 
Babcock & Wi l c o x  

Standard 
Combustion 
Engineer ing 

Average Dev ia t ion  Average 

PROXIMATE  ANALYSIS ( % j  

Number of samples ............... 23 

Mois ture 
Ash 
V o l a t i l e   M a t t e r  
C a l o r i f i c  Value 

(B tu / l b )  

22.3 fl .o 
24.9 
501 3 2271 

33.4  f2.25 
k1.2 

ULTIMATE  ANALYSIS (%) 

Number o f  samples ............... 10 ................ 8 

C 
H 
N 
S 
02 

29.41 f 1  .86 
2.54 f0.14 
0.55 k0.07 
0.54  k0.16 

~ ~ . .  

11.01 t o .  39 

ASH ANALYSIS (%) 

Number of samples ............... 5 

54.24 
26.48 

7.95 
2.02 
1.51 

0.43 
1.22 

0.95 

HAROGROVE GRINDABILITY INDEX 

30.01 
2.49 
0.55 

11.99 
0.55 

40+ 39-54 
(average:  44.3) 



5.3 PROPOSED FUEL SPECIFICATIONS 

W 

A f t e r  a j o i n t   d e c i s i o n   n o t   t o   b e n e f i c i a t e   t h e   c o a l  was  made i n  
March  1978 by B.C. Hydro, CMJV,and B.C. Hydro's power p l a n t  con- 
su l tan t ,   t he   p roposed   spec i f i ca t i ons   f o r  a "Performance" or 

di lut ion  a l lowance)  were  developed  by CMJV and B.C. Hydro  accord- 
"Average  Blend" o f   d e l i v e r e d   f u e l   ( i n c l u d i n g  2.5% by  weight  mine 

i n g   t o   t h e   f o l l o w i n g   p r o c e d u r e :  

The means and  standard  deviat ions  for   proximate,   u l t imate,  
and  ash analyses  were  summarized f o r  each o f  the   four  zones 
A,  B, C, and D as l i s t e d   i n   F i g u r e s  5-3 t o  5-14, i n c l u s i v e .  

A ser ies  o f   pre l iminary  average  analyses for the  35-year 
p i t  were calculated  by  weighting  the  zonal  averages  by  the 
p ropor t i ons   o f   t he   p roposed   p i t   t ha t   wou ld   be   de r i ved   f rom 
each zone. 

The above  weighted  averages  were compared t o   e q u i v a l e n t  
analyses  from samples t h a t   f e l l   w i t h i n   s p e c i f i c   c a l o r i f i c  
value  ranges f o r  each  zone. These ranges  approximate 
those f o r   t h e   i n d i v i d u a l   c o a l  zones i n   t h e  planned  35-year 
p i t  as fo l l ows :  

- Zone Cal o r i  f i  c Value 
A 
B 

5473 ?: 300 B tu / l b  

C 
7188 2 300 B tu / l b  
5908 300 B tu / l b  

D 8918 t 300 B tu / l b  

Analyses  from samples inc luded wi th in  these  ranges  were 
then  averaged  ar i thmet ica l ly  to produce  "balanced"  proximate, 
u l t imate ,  and  ash  analyses. These averages showed no s i g n i -  
f i c a n t   d i f f e r e n c e  between the  parameters  of  an i n d i v i d u a l  
f u e l   w i t h  a s p e c i f i c   r a n g e   o f   c a l o r i f i c   v a l u e  and the  para- 
meters f o r  a b lended   fue l   w i th   t he  same range o f   c a l o r i f i c  
value. 

The average  values of  the  "balanced"  analyses  were  weighted 
by  the  percentage  that  each  coal zone represents i n   t h e  
planned p i t  (e.g., A-Zone - 22.5%) t o  produce  the  averages 
f o r   t h e  35-year p i t ,   t h a t   t o g e t h e r   w i t h  a range o f  +I 
s tandard   dev ia t ion  were  considered to   represent   the   per fo rm-  
ance values f o r   t h e   b o i l e r   f u e l   s P e c i f i c a t i o n .  The 
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standard  dev iat ions  were  ca lcu lated  by  weight ing  the 

here was also  by  the  percentage  each zone represents i n  
variances f o r  each  zone's  average  values;  the  weighting 

the  proposed p i t .  

The p roposed   spec i f i ca t i ons   f o r  a "performance  blend" of 
d e l i v e r e d   f u e l   ( i n c l u d i n g  2.5% by  weight   mine  d i lu t ion)  
a r e   l i s t e d  as fo l l ows :  

WEIGHTED STANDARD 
AVERAGE DEVIATION 

Ul t imate  Analys is  
% Carbon 
% Hydrogen 
% Ni t rogen 
% Oxygen 
% Sulphur   (dry   bas is)  
% Ch lor ine  
% Ash (d ry   bas i s )  

C a l o r i f i c  Value  (dry  basis) 

% Moisture  (run-of-mine) 

Ash Analys is  
Si02 
A1 203 
CaO 

Undetermined 

( %  dry  ash ) 

Proximate  Analysis  (dry  basis)  
% Ash 
% V o l a t i l e   M a t t e r  
% Fixed Carbon 

Carbon D iox ide   (d ry   bas is )  

43.90 t l . 49  
3.74 
0.89 

to. 56 

14.58 
20.15 

0.48 
t1.44 

0.03 
to. 25 

36.30 
20.02 
t1.80 

17  043  KJ/kg 2700 
7327 Btu / lb   t300 

25.0 +lo .o 

53.72 26.02 
28.85 t5.01 
2.63 t l . 9 9  

7.62 
1.41 20.65 

0.52 
t4.97 
to.21 

0.11 
1.18 

t0.13 
to. 51 

0.05 +O .03 
0.29 
1.82  to.90 

to, 30 

0.88  t0.94 

36.30 21 .80 
32.20 
31.40 

t4.17 
t4.20 

1.77  n.d. (not  determined) 

( l i s t i n g   c o n t i n u e s  on f o l l o w i n g  page) 
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Water  Soluble  Alkal ies 
as  Na20 
as K20 

Ash Fusion  Temperatures 

WEIGHTED STANDARD 
AVERAGE DEVIATION 

0.24 
0.03 

n.d. 
n.d. 

Reducing  Atmosphere: 
I n i t i a l  Deformation 

Ash Sof ten ing (H=1/2 W )  
Ash Sof ten ing (H=W) 

F l u i d  1400+ 

1325 
1330°C QOO" 

1340 

Approximately 8.6% o f   t he   ave rage   fue l   i nd i ca tes  an I.D.T. <1200°C. 

Approximately 4.2% o f   t h e  average  fue l   ind icates an I.O.T. <1150°C. 

Ox id i z ing  Atmosphere: 
I n i t i a l  Deformation 1340°C 
Ash Sof ten ing  (H=W) 

2200" 
1350 

Ash Sof ten ing (H=1/2 W )  1360 
F l u i d  1400+ 

Hardgrove  Grindabi l i ty   Index 50 21 0 

5-24 



5.4 SULPHUR CONTENT OF PERFORMANCE BLEND FUEL 

Preliminary  evaluations  of sulphur content variations in the 
qual i ty  sub-zones  of No. 1 Deposit  are  discussed i n  Section 
3.6. I t  i s  expected t h a t  on-going programs o f  close-spaced 
auger  holes  will be required  for  definit ion of coal  quality 
i n  advance  of a l l  planned  production  faces  to  provide  detailed, 
local  area  forecasts  of  calorific  values and sulphur  content. 
Allowances for   th i s   type  of operational  quali.ty  control  drilling 

Also included  are provisions f o r  adequate  laboratory  facil i t ies 
have been included in  capital  and operating budget estimates. 

and staff  to  provide  rapid  determinations of the  analyses 
required  for these local  area  forecasts, and for  average  quality 
estimates  of the various  stockpiles. Whereas the main emphasis 
i n  blending  functions and faci l i t ies   in   this   overal l   s tudy has 
been to  achieve optimum calor i f ic   values ,  i t  may become equally 
important  to  "blend"  short-term mine production i n  order  to 
attain  satisfactory  sulphur  grades.  

A s t a t i s t i c a l  and histogram sununary  was produced by B.C.  Hydro 
in  January  1978  of py r i t i c  and organic  sulphur by zones, show- 
ing maximum and minimum values of these sulphur forms, together 
with the number of  data  points  (samples)  exceeding  a  high  of 
1.5% total  sulphur. These s t a t i s t i c s  were as  follows: 

A-Zone 33 of 704 samples >1.5% s 
B-Zone 5 of 175 samples >1.5% s 
C-Zone 5 of 445 samples >1.5% s 
D-Zone 2 of 840 samples >1.5% s 

W 
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