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PETROGRAPHIC EXAMINATION 

exam i n e d  u s i n g  a L e i t z  Or The p o l i s h e d  s a m p l e s  were * t h o p l a n  
compact-model  mi -c roscope -pho tome te r  , t h e  c o n t r o l  p a n e l  o f  
which i s  i n t e r f a c e d  t o  a  FIewle t t -Packard  85 n i c r o c o m p u t e r ,  
a n  Epson MX-80 p r i n t 2 r  and a  H e w l e t t - P a c k a r d  72258 p l o t t e r ,  
f o r  e l e c t r o n i c  c o m p u t a t i o n ,  t a b u l a t i o n  a n d  d r a u g h t i n g  o f  
r e s u l t s .  

One hundred  i n d i v i d u a l  v i t r i n i t e  ' A '  g r a i n s  were  measu red  
on e a c h  of two p e l l e t s  f o r  r e f l e c t a n c e  i n  t h e  r a n k  
a n a l y s i s .  S t a n d a r d i z a t i o n  o f  p h o t o m e t e r - r e a d o u t  w a s  
pe r fo rmed  b e f o r e  t h e  a n a l y s i s  and a f t e r  e v e r y  t w e n t y - f i v e  
r e a d i n g s .  Maximum r e f l e c t a n c e  v a l u e s  w e r e  r e s a i n e d  b y  t h e  
compu te r .  

F i v e  hundred  g r a f n s  w3re c o u n t e d  on  e a c h  o f  t h e  two p e l l e t s  
f o r  t h e  m a c e r a l  a n a l y s i s ,  a t  a t r a v e r s e  i n t e r v a l  o f  0.5 mm. 

The m a c e r a l ,  s e m i f u s i n i t e ,  d e s e r v e s  s p e c ' i a l  m e n t i o n  b e c a u s e  
of  i t s  p e c u l i a r  t h s r m o r h e o l o g i c a l  b e h a v i o r  i n  w e s t e r n  
Canad ian  c o k i n g  c o a l s .  I n  t h i s  r e p o r t ,  ';he f o l l o w i n g  
a p p r o a c h  was u s e d  t o  i d e n t i f y  r e a c t i v e  s e m i f u ; 3 i n i t e .  

P r e l i m i n a r y  r e s u l t s  o f  some r e c e n t  r e s e a r c h  d o n e  i n  t h i s  
l a b o r a t o r y  on c o k i n g  c o a l s  f rom Q u i n t e t t e ,  L i n e  C r e e k ,  a n d  
F o r d i n g  C o a l ,  s u g g e s t  t h a t  s e m i f u s i n i t e s  s h o u l d  be r e g a r d e d  
as r e a c t i v e  i f  t h e i r  random r e f l e c t a n c e  i s  l e s s  t h a n  t h e  
mean random r e f l e c t a n c e  of  t h e  a s s o c i a t e d  v i t r i n i t e  ' A ' ,  
p l u s  0.33%. By u s i n g  t h i s  t h r e s h o l d  v a l u e ,  p r e d i c t e d  l e v e l s  
o f  I n e r t i n i t e  m a c e r a l s  a r e  c l o s e s t  t o  t h o s e  c o n s i d e r e d  t o  
h a v e  been  p r e s e n t  i n  t h e  a b o v e - d e s c r i b e d  c o k i n g  c o a l s  when 
t h e y  were c a r b o n i z e d  i n  C A N M E T 1 s  L a b o r a t o r y  i n  O t t awa .  And 
by u s i n g  s u c h  a  t ' r e s h o l d  v a l u e  among s !mi l a r  c o a l s ,  
c o n f i d e n c e  i n  p r e d i c t e d  r h e o l o g i c a l  a n d  c o k i n g  p a r a m e t e r s  
s h o u l d  be improved .  

The r e f l e c t a n c e  o f  e a c h  s e m i f u s i n i t e  macel-a1 e n c o u n t e r e d  
d u r i n g  t h e  m a c e r a l  a n a l y s i s  was m e a s u r e d ,  and  d e p e n d i n g  
upon t h e  r e s u l t ,  was a s s i g n e d  t o  e i t h e r  t h e  i n e r t  o r  
r e a c t i v e  c a t e g o r y .  I n  t h e  Appendix ,  t h i s  method of  
a s s i g n i n g  r e a c t i v e  s e m i f u s i n i t e  i s  d e s c r i b e d  a s  t h a t  o f  
PEARSOPI. 

A t  t h e  end o f  one  k ,un i r ed  r e a d i n g s ,  m a c e r a l  d a t a  were i n p u t  
t o  t h e  compu te r ;  a; :;he end o f  one  thousanc l  r e a d i n g s ,  t h e  
mean, s t a n d a r d  deviation, v 3 r i a n c e  and a  c o r r e c t i o n  f o r  t h e  
m i n e r a l - m a t t e r  c o n t e l t  were e l e c t r o n i c a l l y  computed and  
p r i n t e d .  
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MOVABLE-WALL COKE OVEN TESTS AND RELATED ANALYSES 

OF THREE COAL SAMPLES SUBMITTED BY 

FORDING COAL LIMITED 

P r o j e c t  No. 03-3-113-14 

Job No. 34468 

J.G. Jorgensen* and T.A. Lloyd** 

ABSTRACT 

The eva lua t ion  of coa l s  f o r  Fording Coal Limited i s  a  

cont inuing  d i v i s i o n a l  p r o j e c t  i n  which pe r iod ic  i n v e s t i g a t i o n s  a r e  

undertaken as requested by t h e  company. 

This r epor t  i nc ludes  coke oven t e s t i n g  and r e l a t e d  ana lyses  

on t h r e e  c l ean  coa l  samples i d e n t i f i e d  as  Adit 21 Seam 7,  Adit 22 Seam 

9  and Kilmarnock No. 4  Seam. The p ro jec t  w a s  i n i t i a t e d  by K. A. 

Komenac, P.Eng., Explora t ion  Geologis t ,  Fording Coal Limited, Elkford ,  

B r i t i s h  Columbia i n  a  l e t t e r  dated October 20, 1983. A copy of t h i s  

l e t t e r  is  given i n  Appendix 1. 

The c o a l  samples i d e n t i f i e d  a s  Adit 21 and Adit 22 were 

cleaned a t  B i r t l e y  Coal and Mineral Tes t ing ,  Calgary and the  Kilmarnock 

No. 4  Seam c o a l  was prepared by Fording Coal Limited from composite 

d r i l l  core samples. A l l  t h e  samples were crushed,  blended and 

carbonized i n  the  Ottawa 310-mm width movable-wall coke oven. 

Representa t ive  samples were taken f o r  chemical,  phys ica l ,  thermal 

rheo log ica l  and pe t rog raph ic  ana lyses .  The r e s u l t s  of the  t e s t i n g  

program a r e  t abu la t ed  i n  Tables 1  t o  6. 

*Petrographer  and **Head, Coal Treatment and Coke Processes ,  Combustion 

and Carboniza t ion  Research Laboratory,  Energy Research Labora tor ies ,  

CANMET. Energy, Mines and Resources Canada, Ottawa, K1A OG1. 



Table 1 . Chemical an- 'yaes of component c o a l s  

I d e n t i f i c a t i o n  
Laboratory number .......... 
Desc r ip t i on  ................ 

C l a s s i f i c a t i o n  
Rank (ASTM) ................ 
I n t e r n a t i o n a l  system ....... .... S p e c i f i c  v o l a t i l e  index ............ Carbon (dmmfb) % 

Proximate a n a l y s i s  (db)  
Ash ....................... Z 
V o l a t i l e  m a t t e r  ........... X 
Fixed carbon .............. % 

Gross c a l o r i f i c  v a l u e  (db )  
MJ/kg ...................... .............. Btu/per  pound 

Ultimate a n a l y s i s  (db)  .................... Carbon X 
Hydrogen .................. X 
Sulphur  ................... % 
Nitrogen .................. X 
Ash ....................... X 
Oxygen (by d i f f e r e n c e )  .... % 

Ash a n a l y s i s  (db)  
sio., ...................... X 

& ..................... ~ 1 ~ 0  I 
Fe203 ..................... X 
Ti02  ...................... % ...................... P20 % 
CaO ....................... % 
MgO ....................... % 
SO3 ....................... % 
Na20 ...................... % 
K20 ....................... % 

2203-84 
7882-CM 
Seam 7 
A d i t  21 

mv b 
433 
194 

88.9 

9.0 
22.0 
69.0 

32.79 
14100 

80.0 
4.4 
0.49 
1.4 
9.0 
4.7 

55.3 
30.2 

3.7 
2.0 
1 . 9  
2.4 
- 

2.0 
0.1 
0.7 

2204-84 
7885-CM 
Seam 9 
A d i t  22 

mvb 
433 
194 

88.7 

8.9 
22.3 
68.8 

32.84 
14120 

80.0 
4.4 
0.50 
1.4 
8.9 
4.8 

54.7 
28.9 

5.5 
1 .9  
1.7 
2.4 - 
2.1 
0 .1  
0.7 

2254-84 
Kilmnrnock 
Seam 4 

l v h  
421 
199 

89 .0  

7.5 
19.5 
73.0 

33.31 
14320 

81.6 
4.3 

. 0.27 
1.4 
7.5 
4.9 

56.0 
30.6 

4.1 
1.7 
0.9 
2.6 
- 

2.5 
0.2 
0.3 
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L e t t e r  I n i t i a t i n g  P r o j e c t  

October 20, 1983 

CANMET Carbonization Laboratory 
Bells Corners 
Ottawa, Ontario 

Attention: Mr. J. Jorgensen 

Dear John, 

Re: Clean Coal Samples from 
Adit 21, 22 and Kilmarnock 
P4  Seam 

APPENDIX 1 

As discussed in our telephone conversation on October 18, 
1983, we will be sending three (3) samples of clean coal 
(Adit 21, 22 and Kilmarnock 04 Seam) to your facility for 
12" moveable wall oven tests. Each sample is to be 
treated separately. 

On each sample we also require the following test work: 

Classification 
Proximate Analysis 
Calorific Value 
Ultimate Analysis 
Ash Analysis 
Grindability 
Fusibility of Ash 
Sole Heat Oven Test 
Gieseler Plasticity 
Dilatation 
Free Swelling Index 
Petrographic Analysis 

An addition, please send representative samples of the 
three coals to David E. Pearson in Victoria. 
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We expect to ship the samples to Ottawa in early January 
1984. 

If you have any questions regarding these tests, please call 
me at 604-865-2271. 

Yours Truly, 

, ;- . ) - 
, / 

K.A. Komenac. P. Eng. 
Exploration Geologist 
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Golder Associates 
CONSULTING GEOTECHNICAL AND MINING ENGINEERS 

L' 

October 28th,  1983 

Fording Coal Ltd. 
P.O. Box 100 
Elkford,  B.C. 
VOB 1 H O  

ATTENTION: M s .  E.G. Reipas 

Re: Brownie Waste Dump 
Supplementary I n v e s t i g a t i o n  

Dear M s .  Reipas: 

This l e t t e r  r epor t  presents  the r e s u l t s  of supplementary s u b s o i l  i nv -  

e s t i g a t i o n s  c a r r i e d  out  wi th in  the foundation area of the Brownie S p o i l  i n  

September. 1983. The r e s u l t s  of t h i s  work augment the  s t a b i l i t y  assessment 

of the proposed Brownie Creek Waste Dump, a s  p r e s e n t e d  i n  o u r  Repor t  No. 

812-1258, dated February, 1983. 

1.0 SUMMARY OF PREVIOUS INVESTIGATIONS 

On the  west v a l l e y  wal l  above Brownie Creek, prominent s ands tone  bed- 

rock s t r a t a  outcrop above about e l eva t ion  2150 m and dip i n  a  wes ter ly  di- 

r e c t i o n  a t  i n c l i n a t i o n s  ranging between 40 and 50 deg. From e leva t ion  2150 

m t o  Brownie Ridge, the i n c l i n a t i o n  of the  topographic s lopes  is g e n e r a l l y  

i n  the range of 30 t o  40 deg. This t e r r a i n  is  d i s s e c t e d  by minor g u l l i e s  

which a c t  as  funnels  f o r  avalanche debr i s  and t h e  downslope m i g r a t i o n  of 

colluvium. 

Below e leva t ion  2150 m ,  the  s lopes  gradual ly  f l a t t e n  t o  between 10 and 

15 deg i n  the v i c i n i t y  of Brownie Creek. The g u l l i e s  which t r a v e r s e  t h e  

dump area  form r e l a t i v e l y  shallow depres s ions  i n  t h e  o v e r a l l  t o p o g r a p h i c  

s lopes  above Brownie Creek, and appear t o  c a r r y  r e l a t i v e l y  small  and i n t e r -  

m i t t e n t  su r face  runoff flows. 

GOLDER ASSOCIATES (WESTERN CANADA) LTO . 224 WEST 8TH AVENUE. VANCOUVER. BRITISH COLUMBIA. CANADA V5Y 1N5. TELEPHONE ,604) 8799266. TELEX 04-508800 

OFFICES IN CANADA. UNITED STATES UNITED KINGDOM AUSTRALIA 
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The genera l  dump a rea  was inspected by h e l i c o p t e r ,  and a e r i a l  photo- 

graphs of the  Brownie Creek Valley were examined. It was concluded t h a t  

t h e  condi t ions  along Gully G a r e  gene ra l ly  r ep resen ta t ive  of the o v e r a l l  

condi t ions  wi th in  the foundation area  of the  dump. 

I n  August, 1982, a  f i e l d  examination of the dump foundation area  was 

made by Golder Associates .  A t r ave r se  was made along Gully G ,  a s  iden-  

t i f i e d  on Figure 1, of the  proposed dump area i n  order  to  i d e n t i f y  gen- 

e r a l  s i t e  condi t ions .  

I n  October, 1982, a  t o t a l  of e i g h t  t e s t  p i t s  were excavated manually 

over  t h e  c e n t r a l  por t ion  of the  proposed waste dump area  between Gul l i e s  

C through G.  The loca t ion  of the  1982 t e s t  p i t s  a r e  shown on Figure 1. 

Five t e s t  p i t s ,  numbers 82-6, 82-68, 82-7, 82-78 and 82-8, were ex- 

cavated a t  e l eva t ions  varying between 2000 and 2050 m across  t h e  s l o p e s  

between Gul l ies  C and G.  The t e s t  p i t s  encountered between 0.2 and 0.6 m 

of c o l l u v i a l  s o i l ,  comprising s i l t y  sand and weathered bedrock fragments,  

over ly ing  i n t a c t  bedrock. Seepage was not observed i n  any of t h e s e  t e s t  

p i t s  and the  s o i l s  were i n  a  dry t o  damp condi t ion .  

On the lower s lopes ,  t e s t  p i t s  82-3, 82-4 and 82-5 p e n e t r a t e d  t o  a  

maximum depth of about 1 m below ground su r face ,  and were t e r m i n a t e d  i n  

dense g l a c i a l  till. The s o i l s  encountered were i n  a  more moist condit ion 

than  the  s o i l s  i n  the t e s t  p i t s  excavated a t  higher  e l eva t ions .  

Grain s i z e  analyses and shear  s t r e n g t h  t e s t s  were c a r r i e d  o u t  on 

s e l e c t e d  samples of s o i l  recovered from t h e  1982 t e s t  p i t s .  The r e s u l t s  

show t h a t  the  s o i l s  sampled contained between 15  and 55 per  cent of s i l t  

and c lay  s i z e  p a r t i c l e s ,  and t h a t  e f f e c t i v e  angles  of i n t e r n a l  f r i c t i o n ,  

0'. vary from 29 t o  36 deg. The h ighes t  angle of i n t e r n a l  f r i c t i o n  was 

obtained f o r  the sample with the  lowest f i n e  s o i l  c o n t e n t .  The l o w e s t  

measured angle of i n t e r n a l  f r i c t i o n ,  0'. of 29 deg was measured f o r  a  

sandy s i l t  s o i l  obtained i n  t e s t  p i t  82-5 on t h e  lower  s l o p e s  of t h e  

waste dump area  between Gul l i e s  E and F. 

Golder Associates 
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The values of 0' obtained from the  1982 i n v e s t i g a t i o n  a r e  t y p i c a l  

of the  range of values obtained previous ly  f o r  c o l l u v i a l  s o i l s  d e r i v e d  

from Kootenay and Fern ie  Formation rocks i n  southeas tern  B r i t i s h  Colum- 

b ia .  A value of 29 deg represents  the  lower bound of the  expected range 

of va lues ,  and 36 deg i s  near  the upper bound. 

Golder Associates  r epor t  of February, 1983, d e s c r i b e d  t h e  c h a r a c -  

t e r i s t i c s  of waste dumps formed by end-dumping of mine was te  rock  o n t o  

s lopes  s i m i l a r  t o  those wi th in  the  foundation a rea  of the  Brownie Dump. 

The s t a b i l i t y  of var ious  proposed i n i t i a l  dumping c o n f i g u r a t i o n s  and 

t h e i r  subsequent s t ages  of development were analyzed. 

For the  purposes of a s ses s ing  s t a b i l i t y ,  the  following s i m p l i f y i n g  

assumptions were made: 

0 The ave rage  e f f e c t i v e  a n g l e  of i n t e r n a l  f r i c t i o n ,  0', f o r  
waste rock is  37 deg with zero e f f e c t i v e  cohesion; 

The average e f f e c t i v e  angle of i n t e r n a l  f r i c t i o n ,  0', f o r  t h e  
foundation s o i l s  is 33 deg with zero e f f e c t i v e  cohesion; 

Segregation of the l a r g e s t  of the  rock fragments occurs as  the 
dumped waste rock r o l l s  and s l i d e s  down the face  of t h e  dump. 
These segregated coarse fragments  form a d r a i n a g e  zone ove r  
t h e  base of the dump, so t h a t  excess pore w a t e r  p r e s s u r e s  do 
not  develop on the sur face  of contac t  between the  base  of t h e  
dump and i t s  foundation. 

Based on the r e s u l t s  of the  s t a b i l i t y  analyses and previous experi- 

ence with o ther  waste rock dumps on s loping foundat ions,  it was conclud- 

ed t h a t  the s t a b i l i t y  of t h e  i n i t i a l  s t a g e s  of t h e  dump development 

would be marginal.  The s t u d i e s  showed t h a t  s t a b i l i t y  of the  was te  dump 

would increase  a s  the toe advances onto p r o g r e s s i v e l y  f l a t t e r  t e r r a i n  

which i s  gene ra l ly  present  a t  the  lower e l eva t ions  within the  foundation 

a r e a  of the  dump. 

Golder Associates 
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2.0 SUPPLEMENTARY 1983 INVESTIGATION 

2.1 Fie ld  I n v e s t i g a t i o n s  

I n  September, 1983, a  supplementary program of s i t e  i n s p e c t i o n  and 

t e s t  p i t  excavation was c a r r i e d  out .  The ob jec t ive  of t h i s  work was t o  

expand the  da ta  on subsurface s o i l  condi t ions  obtained i n  1982, t o  cover 

a l l  l i k e l y  dump c o n f i g u r a t i o n s ,  p a r t i c u l a r l y  o v e r  t h e  lower  f l a t t e r  

s lopes  where the  thickness of i n  s i t u  s u r f i c i a l  s o i l s  is expected t o  be 

g r e a t e r  than encountered a t  higher  e l eva t ions .  

The 1983 f i e l d  program included e x c a v a t i o n  of a  t o t a l  of  25  t e s t  

p i t s  using a  backhoe. The loca t ions  of the  p i t s  a r e  shown on F i g u r e  1. 

The logs of the  t e s t  p i t s ,  which ranged from 2  t o  4 m i n  depth, a r e  con- 

ta ined  i n  Appendix A. 

I n  genera l ,  between 0.1 and 0.2 m th ickness  of t o p s o i l  and f o r e s t  

l i t t e r  mantles the ground sur face .  This s u r f i c i a l  o r g a n i c  m a t e r i a l  i s  

gene ra l ly  underlain by between about 0.5 and 1 m of compact brown sandy 

s i l t y  o r  s i l t y  sand with some angular  g r a v e l  f r a g m e n t s  and o c c a s i o n a l  

boulders.  

The t e s t  p i t s  were genera l ly  terminated i n  the  underlying m r e  dense 

dark grey,  predominantly sandy si l t ,  g l a c i a l  till s o i l  which comprises a  

broad gradat ion  of p a r t i c l e  s i z e s  with a  t r a c e  of c l ay  s i z e  ma te r i a l  and 

varying proport ions of angular  g rave l ,  cobbles and boulders.  

A t  a  l imi t ed  number of l oca t ions ,  r e l a t i v e l y  loca l i zed  d e p o s i t s  of 

s o f t  organic s o i l  were encountered. A t  t e s t  p i t  83-16, 0.5 m of s o f t  t o  

f i r m  organic s i l t  and peat was found. However, the  a r e a l  ex ten t  of these 

poor foundation s o i l s  appeared t o  be s m a l l  and c o n f i n e d  t o  l o c a l i z e d  

zones, as  evidenced by the ex ten t  of su r face  moisture and more open bush 

cover.  In  p a r t i c u l a r ,  t h e  width of such areas  mantled by a  greater-than- 

normal thickness of organic s o i l  is l imi t ed  t o  about  20 m i n  t h e  down- 

s lope  d i r ec t ion .  

Golder Associates 
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Minor seepage i n t o  the t e s t  p i t s  commonly occurred a t  depths ranging 

between 1 and 3 m ,  and caused minor sloughing of t h e  v e r t i c a l  w a l l s  of 

t h e  t e s t  p i t s .  It was apparent t h a t  seepage emerged p r e f e r e n t i a l l y  from 

t h e  more pervious s t r a t a  in t e r sec t ed  by the  t e s t  p i t s ,  and t h a t  t h e  d i -  

r e c t i o n  of flow is approximately p a r a l l e l  t o  the topographic s lope .  

Test p i t s  83-5, 83-9, 19 and 19-A were terminated i n  weathered s i l t -  

s tone  o r  sha le .  Elsewhere along t h e  road c u t s  c o n n e c t i n g  t h e  t e s t  p i t  

l o c a t i o n s ,  occasional  exposures of bedrock o c c u r  n e a r  ground s u r f a c e .  

The in termedia te  cu t  s lopes  gene ra l ly  exposed compact t o  dense  sandy 

s i l t  s o i l  s i m i l a r  to  t h a t  found i n  most of the t e s t  p i t s .  Seepage zones 

appeared t o  be confined t o  loca l i zed  swales i n  the  topography. 

An inspec t ion  was made of the upper s lopes  of the dump a r e a  between 

Gul l ies  A and C. Hand excavation of the  s u r f i c i a l  s o i l s  a t  i n t e r v a l s  

ac ross  these  s lopes  revealed c o l l u v i a l  s i l t y  sand containing a  high pro- 

po r t ion  of angular  weathered rock fragments. Excavation below a depth of 

about 200 mm became d i f f i c u l t  a s  the f r a c t i o n  of rock fragments increas-  

ed and the ma te r i a l  became more dense. 

2.2 Laboratory Tes t ing  

Representa t ive  samples of s o i l  r ecove red  from t h e  1983 t e s t  p i t s  

were subjected t o  labora tory  t e s t s ,  including d e t e r m i n a t i o n  of n a t u r a l  

moisture content ,  Atterberg l i m i t s ,  p a r t i c l e  s i z e  d i s t r i b u t i o n  and shear 

s t r e n g t h  c h a r a c t e r i s t i c s .  

The r e s u l t s  of the  labora tory  t e s t i n g  a r e  summarized on F i g u r e s  2 ,  

3(a)  and 3 (b ) ,  and 4. The r e s u l t s  of the  Atterberg l i m i t  t e s t s  p l o t t e d  

i n  t h e  region of low t o  medium p l a s t i c i t y  on t h e  c h a r t  shown on F i g u r e  

2. The t e s t  r e s u l t s  gene ra l ly  f a l l  within the  range of va lues  o b t a i n e d  

f o r  o the r  c o l l u v i a l  s o i l s  d e r i v e d  from Kootenay and F e r n i e  Formation 

rocks i n  the East Kootenay region of southeas tern  B r i t i s h  Columbia. 

Golder Associates 
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Figures 3(a) and 3(b) show the p a r t i c l e  s i z e  d i s t r i b u t i o n s  obtained 

f o r  s e l ec t ed  samples recovered i n  the course of t h e  1982 and 1983 t e s t  

p i t  i nves t iga t ions .  The range of gradat ions  obtained during both inves- 

t i g a t i o n s  a r e  s i m i l a r ,  and the  curves conform t o  t h e  g e n e r a l  shape  of 

gradat ion  curves obtained f o r  foundat ion s o i l s  i n  p r e v i o u s  i n v e s t i g a -  

t i o n s  f o r  waste rock dump foundations a t  Fording Operations. The s o i l s  

a r e  composed of sandy s i l t  o r  s i l t y  sand, with varying amounts of coa r -  

s e r ,  usua l ly  angular  gravel -s ize  fragments. 

Figure 4 shows the  r e s u l t s  of shear  s t r eng th  t e s t s  on specimens pre- 

pared from s o i l s  recovered i n  the  course of the  1982 and 1983 f i e l d  in -  

v e s t i g a t i o n s .  With the  exception of ma te r i a l  from t e s t  p i t  82-5, which 

was t e s t ed  i n  t r i a x i a l  compression, s t r e n g t h  parameters were de te rmined  

by d i r e c t  shear  t e s t i n g .  The t e s t  specimens were prepared by computing 

t h e  No. 4 minus f r a c t i o n  of the s o i l  a t  i t s  n a t u r a l  water content .  Nor- 

mal s t r e s s e s  applied were within the  range of normal s t r e s s e s  t o  be ex- 

pected over the base of the dump. 

The shear  s t r eng th  t e s t  r e s u l t s  a r e  p lo t t ed  i n  conjunct ion with the  

r e s u l t s  obtained during previous inves t iga t ions  of o t h e r  dump foundation 

s o i l s  i n  the  East  Kootenay region of B r i t i s h  Columbia. It can  be s e e n  

t h a t ,  as  f o r  the  At terberg  l i m i t  da ta  and p a r t i c l e  s i z e  d i s t r i b u t i o n s ,  

t h e  r e s u l t s  of the  shear  s t r eng th  t e s t s  f o r  the Brownie Spoi l  conform t o  

t h e  previously e s t ab l i shed  range of t e s t  r e s u l t s .  

On the bas i s  of t e s t  da ta  and the r e s u l t s  of back-analysis of o the r  

dump f a i l u r e s ,  we conclude t h a t  a  value of e f f e c t i v e  a n g l e  of i n t e r n a l  

f r i c t i o n ,  0', equal t o  33 deg with zero assumed e f f e c t i v e  cohes ion ,  c '  , 
i s  an appropr ia te  value f o r  the foundation s o i l s  t y p i c a l l y  found on s i m -  

i l a r  mountain s lopes  i n  the  East Kootenays. 

3.0 DISCUSSION 

The r e s u l t s  of the 1983 supplementary f i e l d  and labora tory  inves t i -  

ga t ions  confirm t h a t  foundat ion  c o n d i t i o n s  o v e r  t h e  proposed  Brownie 

Creek waste dump area  a r e  s u i t a b l e  f o r  development of t h e  dumps, u s i n g  

t h e  sequen t i a l  development proposed i n  our r epor t  of February, 1983. 

Golder Associates 
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Severa l  l oca l i zed  a reas  on the  lower f l a t t e r  s lopes  of the  dump for-  

mation a re  mantled by about 0.5 m of weak organic mater ia l .  These areas  

a r e  small  i n  r e l a t i o n  t o  the  o v e r a l l  proport ions of the  waste dump con- 

f i g u r a t i o n ,  and small  r e l a t i v e  t o  the  s i z e  of a p o t e n t i a l  f a i l u r e  mass 

on the  dump face.  The presence of these  zones may r e s u l t  i n  i n c r e a s e d  

deformation i n  t h e  dump face.  However, the r a t e  of advance  of t h e  t o e  

of the  waste rock across  the  lower s lopes  w i l l  be s u f f i c i e n t l y  slow t h a t  

t h e  increased s t r a i n s  within the  dump due t o  l o c a l i z e d ,  weak s u r f i c i a l  

s o i l  can be accommodated wi thou t  c a u s i n g  major  slump f a i l u r e s  on t h e  

dump face.  

Consignment of waste rock onto the  s lopes  of t h e  west  v a l l e y  w a l l  

of Brownie Creek commenced i n  the  s p r i n g  of 1983. A r e l a t i v e l y  s m a l l  

volume of ma te r i a l  has been dumped onto the s t eep  upper  s l o p e s  between 

Gul l i e s  E and F. As expected, r e l a t i v e l y  h i g h  d e f o r m a t i o n s  have been 

experienced i n  the  v i c i n i t y  of the  dump c r e s t s ,  and s u b s t a n t i a l  s l i d e s  

have occurred i n t o  Gu l l i e s  E and F during the  s p r i n g  thaw p e r i o d .  The 

s l i d e  debr i s  tended t o  be channelled i n t o  the  g u l l i e s ,  and came t o  r e s t  

a t  about e l eva t ion  1950 m on the  r e l a t i v e l y  g e n t l e r  s lopes  i n  the region 

of the proposed dump. 

The r e s u l t s  of the s t a b i l i t y  assessment presented i n  our r e p o r t  of 

February, 1983, indica ted  t h a t  such s l i d e s  cou ld  occur  a s  a r e s u l t  of 

dumping i n t o  the  upper limits of Gu l l i e s  E and F. We u n d e r s t a n d  t h a t  

c r e s t  deformations were monitored during t h e  p e r i o d  of a c t i v e  dumping 

opera t ions .  The c r e s t  movement da ta  provided ample ind ica t ion  of pending 

i n s t a b i l i t y ,  so t h a t  men and equipment were removed from t h e  a r e a  w e l l  

head of the s l i d e  occurrence. 

The r e s u l t s  of the  1983 supplementary i n v e s t i g a t i o n s  conf i rm t h a t  

t h e  Brownie Creek waste dump can be developed o v e r  t h e  s l o p e s  between 

Gul l i e s  A through G ,  using procedures discussed i n  o u r  p r e v i o u s  r e p o r t  

of February, 1983, and as  i l l u s t r a t e d  on Figure 1 of t h i s  l e t t e r  repor t .  
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We understand t h a t  during the  i n i t i a l  s t a g e s  of development of  t h e  

Brownie Creek p i t ,  ope ra t iona l  c o n s t r a i n t s  may r equ i re  continued dumping 

of  waste rock onto t h e  upper s lopes  between G u l l i e s  C and F ,  u n t i l  ac-  

c e s s  t o  t h e  "B" Gully i s  developed. During t h i s  i n t e r v a l ,  o c c a s i o n a l  

f a i l u r e s  from t h e  dump c r e s t  w i l l  be accepted. This is  considered accep- 

t a b l e  provided c r e s t  displacements a r e  monitored c lose ly  t o  p r o v i d e  ad- 

vance warning of impending i n s t a b i l i t y .  

A.H. Kent, P. Eng. 

Golder Associates 
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1983 TEST PIT RECORDS 

TEST PIT 
NUMBER DEPTH (m) 

SAMPLE 
SOIL DESCRIPTION DEPTH (m) 

TOPSOIL. 

Compact t o  dense, brown s i l t y  SAND, 
some g r a v e l ,  o c c a s i o n a l  c o b b l e s  
(angular)  , damp. 

Dense t o  very dense dark grey s i l t y  
SAND, GRAVEL, o c c a s i o n a l  c o b b l e s ,  1.5 
boulders (angular ) ,  damplmoist. NMC = 18% 

End of Test P i t .  

83-2 0.0 t o  0.1 TOPSOIL. 

0.1 t o  0.6 Compact, brown f i n e  s a n d y  S ILT,  
some g r a v e l ,  o c c a s i o n a l  a n g u l a r  
r o c k  f r a g m e n t s ,  damp, some r o o t  
ma te r i a l .  

0.6 t o  1.1 Firm d a r k  g r e y  sandy SILT,  some 0.8 
g rave l ,  moist.  NMC = 29% 

1.1 t o  2.8 A s  above - compactldense 20% bou l -  2.8 
de r s .  NMC = 22% 

2.0 t o  2.8 Occasional seams f i n e  gravel .  

2.8 End of Test P i t .  

83-3 0.0 t o  0.2 TOPSOIL. 

0.2 t o  0.7 Compact, l i g h t  brown, s i l t y  f i n e  
SAND, some g rave l  (angular )  , occa-  
s i o n a l  cobbles ,  damp. 

0.7 t o  1.6 Compact, dark grey sandy SILT, some 
g rave l ,  cobb les ,  b o u l d e r s ,  m o i s t ,  
i nc reas ing  boulders with depth. 

1.6 End of Test P i t .  

Golder Associates 



Appendix A 2 812-1258 

TEST PIT 
NUMBER DEPTH (m) 

1983 TEST PIT RECORDS 

SAMPLE 
SOIL DESCRIPTION DEPTH (m) 

Sof t l f i rm  o r g a n i c  SILT r o o t s ,  de- 
c a y i n g  wood, modera te  s e e p a g e  a t  
0.6 m. 

Compact dark grey sandy SILT, t r a c e  
c l a y ,  some f i n e  a n g u l a r  g r a v e l ,  
moist/wet,  becomes more sandy w i t h  3.0 
depth. NMC = 25% 

End of Test P i t .  

TOPSOIL. 

compact /dense s i l t y  f i n e  SAND, oc- 
c a s i o n a l  f i n e  g r a v e l ,  o c c a s i o n a l  
roo t  ma te r i a l ,  damp. 

Dense grey brown sandy SILT, some 1.0 
angular  g rave l ,  moist.  NMC = 30% 

Dense, grey-green,  m o t t l e d  brown, 
s t r e a k e d  d a r k  b l u e ,  s i l t y  SAND, 
m o i s t  t o  we t ,  zones o f  m o d e r a t e  1.5 
seepage. NMC = 21% 

Weathered SILTSTONE, minor seepage, 
f r a c t u r e s  5 t o  20 cm. J o i n t s  have 
t h i n  s i l t  i n f i l l .  

End of Test P i t .  

83-6 0.05 t o  0.1 TOPSOIL. 

0.1 t o  0.3 Compact/dense,  l i g h t  brown s i l t y  
SAND, occasional  f i n e  g rave l ,  angu- 
l a r  cobbles ,  damp. 

0.3 t o  2.0 Very dense, d a r k  g r e y  sandy SILT, 
some g r a v e l ,  o c c a s i o n a l  c o b b l e s ,  1.2 
boulders ,  damp/moist (TILL). NMC = 10% 

2 .O End of Test  P i t .  

Golder Associates 
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1983 TEST PIT RECORDS 

TEST PIT SAMPLE 
NLMBER DEPTH (m) SOIL DESCRIPTION DEPTH (m) 

83-7 0.05 to 0.1 TOPSOIL. 

0.1 to 2.4 Compactldense, dark grey, sandy 
SILT, some gravel, cobbles, boul- 
ders, damp, less silt with increas- 1.5 
ing depth. No seepage. NMC = 17% 

2.4 End of Test Pit. 

83-8 0.05 to 0.1 TOPSOIL. 

0.1 to 0.5 Loose/compact, dark brown silty 
SAND, some gravel (angular), occa- 
sional cobbles, damp. 

0.5 to 1.0 Compact sandy SILT, some gravel, 
occasional cobbles (angular). 

1.0 to 1.5 Dense silty medium gravel (angular). 1.0 
NMC = 25% 

1.5 to 1.9 Dense sandy SILT, some gravel, oc- 
casional cobbles, boulders, moist. 

1.9 to 2.3 Compactldense interlayered silty 
SAND and gravel with sandy SILT. 
Moderate seepage at 2.3 m depth. 
Some slumping up to 1 m above seep- 
age. 

2.3 End of Test Pit. 

83-9 0.05 to 0.1 TOPSOIL. 

0.1 to 0.3 Compactldense, brown sandy SILT, 
some gravel and cobble size angular 
rock fragments, damp. 

0.3 to 2.3 Weathered SILTSTONE, steeply dip- 
ping, thinley bedded (t to 20 mm), 
strike 340°, dip 70' to NE. No 
seepage. Thin clayey silt infill. 

2.3 End of Test Pit. 

Golder Associates 
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1983 TEST PIT RECORDS 

TEST PIT 
NUMBER DEPTH (m) 

SAMPLE 
SOIL DESCRIPTION DEPTH (m) 

Peat.  

Compact, grey-brown sandy SILT with 
bands of organic m a t e r i a l ,  moist.  

More g rave l  present .  

Compact, dark grey s i l t y  f i n e  SAND, 
moist.  

Compact l i g h t  grey sandy SILT, some 
angular  g rave l ,  moist .  

Lens of organic matter  

Compact orange clayey SILT, m o i s t /  
damp. 

Compact/dense l i g h t  grey sandy SILT, 
some c l ay ,  g rave l ,  o c c a s i o n a l  cob- 
b l e s ,  boulders ,  m o i s t l w e t .  Minor 1.2 
seepage a t  1.4 m. NMC = 25% 

More boulders - harder  t o  excavate.  

Compact, l i g h t  grey s i l t y  SAND and 3.5 - 4.0 
sandy SILT, moistfwet.  NMC = 19% 

End of Test P i t .  

TOPSOIL. 

Compact, brown, sandy SILT, damp. 

Dense t o  v e r y  d e n s e ,  d a r k  g r e y  
sandy SILT and s i l t y  SAND, t r a c e  to  
some c l ay ,  some g r a v e l  ( a n g u l a r ) ,  
occas ional  cobbles ,  b o u l d e r s ,  damp 1.5 
t o  moist (TILL). NMC = 17% 

End of Test P i t .  

Golder Associates 
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TEST PIT 
NUMBER DEPTH (m) 

1983 TEST PIT RECORDS 

SAMPLE 
SOIL DESCRIPTION DEPTH (m) 

TOPSOIL. 

Loose t o  compact, brown sandy SILT, 
d ry  t o  damp. 

Dense t o  v e r y  d e n s e ,  d a r k  g r e y ,  
c layey  SILT, some sand and g r a v e l ,  
occas ional  cobbles ,  some b o u l d e r s ,  1.5 
moist  (TILL). NMC = 23% 

End of Test P i t .  

TOPSOIL. 

Compact, brown s i l t y  f i n e  SAND, 
some g rave l  ( a n g u l a r ) ,  o c c a s i o n a l  
cobbles ,  damp. 

Compact to  dense, grey s i l t y  SAND, 
GRAVEL ( a n g u l a r ) ,  o c c a s i o n a l  cob- 1.6 
b l e s ,  boulders ,  moist (TILL). Minor NMC = 18% 
seepage between 1.7 and 2.3 m .  Be- 
comes very dense below 2.5 m. 

End of Test P i t .  

TOPSOIL. 

Compact t o  dense, dark brown, sandy 
SILT and f i n e  GRAVEL ( a n g u l a r ) ,  
some cobbles ,  boulders ,  o c c a s i o n a l  
fragments of wood, damp. 

Firm t o  s t i f f ,  o range-grey  sandy 
SILT, moist.  Layer is  not continu- 1.4 - 1.6 
ous across  t e s t  p i t .  NMC = 29% 

Dense, dark grey,  s i l t y  SAND, GRA- 
VEL, some cobbles ,  boulders ,  moist.  
Minor seepage a t  3.6 m. 

End of Test P i t .  

Golder Associates 
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1983 TEST PIT RECORDS 

TEST PIT 
NUMBER DEPTH (m) SOIL DESCRIPTION 

TOPSOIL. 

Compact, grey sandy SILT, some gra- 
v e l ,  occasional  cobbles ,  b o u l d e r s .  
Some root  ma te r i a l s ,  damp. 

Compact, o range-grey  sandy SILT, 
occas ional  g r a v e l ,  c o b b l e s ,  boul-  
d e r s ,  damp. 

Dense t o  v e r y  d e n s e ,  g r e y  s a n d y  
SILT, some g r a v e l ,  c o b b l e s ,  boul-  
d e r s ,  moist (TILL). 

Minor seepage. Some s l i v e r  f a i l u r e  
i n  s idewal ls  above seepage zone. 

End of Test P i t .  

S o f t  t o  f i r m ,  b l a c k  o r g a n i c  SILT 
and PEAT, wet. Moderate seepage. 

F i rm,  grey-brown s i l t y  f i n e  SAND, 
wet. 

Compact t o  dense, grey-brown sandy 
SILT and GRAVEL, occasional  cobbles 
and boulders ,  moistlwet.  

Compact t o  dense, grey sandy SILT, 
t r a c e  t o  some c l ay ,  occasional  cob- 
b l e s ,  boulders ,  m o i s t l w e t .  Minor 
seepage a t  2.9 m. 

SAMPLE 
DEPTH (m) 

1.3 
NMC = 18% 

1.2 
NMC = 24% 

2.6 - 2.9 
NMC - 17% 

End of Test P i t .  

Golder Associates 
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1983 TEST PIT RECORDS 

TEST PIT SAMPLE 
NUMBER DEPTH (m) SOIL DESCRIPTION DEPTH (m) 

83-17 0.0 to 0.2 TOPSOIL. 

0.2 to 0.9 Compactldense grey silty SAND, GRA- 
VEL, occasional cobbles, boulders, 
some root material, damp. 

0.9 to 1.2 Lense of firm, grey, silty SAND, 1.0 
trace clay, damplmoist. NMC = 22% 

1.2 to 2.2 Dense, grey, silty SAND and fine 
GRAVEL (angular) , some cobbles, 
boulders, damp. 

2.2 to 2.7 Compact/dense, grey-brown, sandy 
SILT, moist. Some fragments of de- 2.4 
caying vegetation. NMC = 57% 

2.7 to 3.6 Dense, grey, sandy SILT, some 
gravel, occasional cobbles. boul- 3.4 - 3.6 
ders, moist (TILL). NMC = 25% 

3.6 End of Test Pit. 

83-18 0.0 to 0.2 TOPSOIL. 

0.2 to 0.8 Compact, grey, sandy SILT, GRAVEL, 
COBBLES, some boulders, dryldamp. 

0.8 to 3.6 Compactldense, grey sandy SILT, 
some gravel, occasional cobbles and 3.4 
boulders, moistlwet (TILL) . Occa- NMC = 21% 
sional bands (0.1 m thick) of com- 
pact brown with red, black streaks 
sandy SILT. 

3.6 End of Test Pit. 

Golder Associates 
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1983 TEST PIT RECORDS 

TEST PIT 
NUMBER DEPTH (m) SOIL DESCRIPTION 

PEAT. 

Sof t l f i rm ,  l i g h t  g r e y  sandy SILT, 
some c l ay ,  f i n e  g r a v e l  ( a n g u l a r ) ,  
occas ional  cobbles ,  wet. Moderate  
seepage. Occasional root  mater ia l .  

Compact/dense,  g r e y  c l a y e y  SILT, 
with dark grey angular  SHALE f r a g -  
ments, moist.  

SHALE, s t r i k e  150°, d i p  90°. Minor 
seepage. 

End of Test P i t .  

TOPSOIL. 

Compact, orange-brown, sandy SILT, 
some g r a v e l ,  o c c a s i o n a l  c o b b l e s ,  
boulders ,  damp. 

Dense t o  v e r y  d e n s e ,  d a r k  g r e y  
sandy SILT, GRAVEL ( a n g u l a r ) ,  some 
cobbles ,  boulders ,  damp t o  moist.  

SHALE, s t r i k e  340°, d i p  60° t o  t h e  
south. Minor seepage. 

End of Test P i t .  

TOPSOIL. 

Compactldense,  brown sandy SILT. 
occas ional  g r a v e l ,  c o b b l e s ,  boul-  
d e r s ,  damp. 

Dense t o  v e r y  d e n s e ,  g r e y  s a n d y  
SILT, t r a c e  c l ay ,  some g rave l ,  cob- 
b l e s ,  o c c a s i o n a l  b o u l d e r s ,  m o i s t  
(TILL). 

SAMPLE 
DEPTH (m) 

0.5 
NMC = 21% 

1.2 
NMC = 20% 

0.7 
NMC = 13% 

0.9 
NMC = 21% 

End of Test P i t .  

Golder Associates 
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1983 TEST PIT RECORDS 

TEST PIT 
NUMBER DEPTH (m) 

SAMPLE 
SOIL DESCRIPTION DEPTH (m) 

TOPSOIL. 

Compact t o  d e n s e ,  o r a n g e - b r o w n ,  
sandy SILT, some c lay ,  g r a v e l ,  oc- 0.4 
cas iona l  cobbles ,  boulders ,  damp. NMC = 20% 

Very dense, d a r k  g r e y  sandy SILT, 
some g r a v e l ,  o c c a s i o n a l  c o b b l e s ,  
boulders ,  moist (TILL). 

End of Test P i t .  

TOPSOIL. 

Compact t o  d e n s e ,  o r a n g e - b r o w n ,  
sandy GRAVEL, some s i l t ,  occas ional  0.4 
cobbles ,  dry t o  damp. NMC = 14% 

Dense t o  v e r y  d e n s e ,  g r e y  s a n d y  
SILT, some g r a v e l ,  c o b b l e s ,  occa-  
s i o n a l  boulders ,  damp. 

Very dense, dark grey, sandy SILT, 
t r a c e  c lay ,  some g rave l  ( a n g u l a r ) ,  
some cobbles ,  occasional  b o u l d e r s ,  
moist (TILL) . 
End of Test P i t .  

TOPSOIL. 

Compact t o  dense, sandy SILT, some 
g rave l ,  o c c a s i o n a l  c o b b l e s ,  boul -  
d e r s ,  damp. 

Compact t o  dense, dark brown, sandy 1.1 
SILT, GRAVEL, cobbles ,  moist.  NMC = 15% 

Very dense, d a r k  g r e y  sandy SILT, 
some g r a v e l ,  c o b b l e s ,  o c c a s i o n a l  
boulders ,  moist (TILL) . 
End of Test P i t .  

Golder Associates 
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'. -,, 
1983 TEST PIT RECORDS 

TEST PIT SAMPLE 
NUMBER DEPTH (m) SOIL DESCRIPTION DEPTH (m) 

83-24 0.0 t o  0.1 TOPSOIL. 

0.1 t o  0.4 Compact t o  dense, brown sandy SILT, 
some g r a v e l ,  o c c a s i o n a l  c o b b l e s ,  
boulders ,  damp. 

0.4 t o  2.8 Very dense, d a r k  g r e y  sandy SILT, 
some g rave l ,  cobbles boulders ,  damp 
t o  moist (TILL). Minor seepage  a t  
2.8 m. 

2.8 End of Test P i t .  

83-25 0.0 t o  0.3 TOPSOIL. 

0.3 t o  0.6 Compact, brown, sandy SILT, occa-  
s i o n a l  g rave l ,  cobbles ,  moist.  

0.6 t o  2.5 Compact, g rey ,  sandy SILT, t r a c e  of 0.8 
c l a y ,  some g rave l ,  o c c a s i o n a l  cob- NMC = 22% 
b l e s ,  boulders ,  m o i s t l w e t .  Minor 
s e e p a g e  a t  1 .0  m .  Becomes dense  2.0 
below 1.5 m.  NMC = 16% 

2.5 End of Test P i t .  

Golder Associates 
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1983 TEST PIT RECORDS 

TEST PIT 
NUMBER DEPTH (m) 

SAMPLE 
SOIL DESCRIPTION DEPTH (m) 

TOPSOIL. 

Compact t o  dense, brown sandy SILT, 
some g r a v e l ,  o c c a s i o n a l  c o b b l e s ,  
boulders ,  damp. 

Very dense, d a r k  g r e y  sandy SILT, 
some g rave l ,  cobbles boulders ,  damp 
t o  moist (TILL). Minor s e e p a g e  a t  
2.8 m. 

End of Test P i t .  

83-25 0.0 t o  0.3 TOPSOIL. 

0.3 t o  0.6 Compact, brown, sandy SILT, occa-  
s i o n a l  g rave l ,  cobbles ,  moist.  

0.6 t o  2.5 Compact, grey,  sandy SILT, t r a c e  of 0.8 
c l a y ,  some g rave l ,  o c c a s i o n a l  cob- NMC = 22% 
b l e s ,  boulders ,  m o i s t l w e t  . Minor 
s e e p a g e  a t  1.0 m .  Becomes dense  2.0 
below 1.5 m.  NMC = 16% 

2.5 End of Test P i t .  

Golder Associates 









Fordi nq Caal Li m i  ted 
Sample FCL #&92 
P e l  l e t  #1 R I +  " / $ G I '  

4 1 4  - 4 3 . Z c , .  
BfXIC STATISTICS 

NUMBER OF OBSERVATIONS ........... 100 
MEAN MAXIMUM REFLECTANCE 

OF VITRINITE ................... % 1.09 
STANDARD ERROR OF THE MEAN ....... 0.00 
COEFFICIENT OF L'ARIATION ........ % 4.28 
VARIANCE ......................... (3.0022 
STANDARD DEVIATION ............... 0.0465 
SKEWNESS ......................... 1.0289 
KURTOSIS ......................... 4.7381 

CELL STATISTICS 

CELL LOWER NUMBER OF FREQUENCY 
NUMBER LIMIT OBSERVATIONS - ( % )  ........................................... 

2 0.95 2 2.0C 
3 1.00 14 14. O n  
4 1.05 45 45.00 
5 1.10 32 32.00 
6 1.15 4 4.00 
7 1.20 2 2.00 
8 1.25 1 1 . 00 

VITRINITE TYPE DISTRIBUTION ---------------------------- 

VITRINITE FREQUENCY 
TYPE ( % )  ....................... 
v 9 2.00 
V10 59.00 
V11 36.00 
V12 3.00 

r l  



* 

Fordi ng Coal L i  r n l  ted 
s a m p l e  FCL #693 
pellet # I  f l14 

4 
BASIC STATISTICS 

........... NUMBER OF OBSERVATIONS 
MEAN MAXIMUM REFLECTANCE 

OF VITRINITE ................... % 
STANDARD ERROR OF THE MEAN ....... 
COEFFICIENT OF VARIATION ........ % ......................... VARIANCE 
STANDARD DEVIATION ............... ......................... SKEWNESS 
KURTOSIS ......................... 

CELL STATISTICS 

CELL LOWER NUMBER OF FREQUENL'Y 
NUMBER LIMIT OBSERVATIONS ( % )  

2 0.95 1 1.00 
3 1.00 4 4.00 
4 1.05 22 22.00 
5 1.10 34 34.00 
6 1.15 26 26.00 
7 1.20 11 11.00 
8 1.25 2 2.00 

VITRINITE TYPE DISTRIBUTION 



Fording Coal L l m i  ted 
Sa m p l e  FCL #694 
Pel let # I  8 1 4  '";$(; r 

BASIC STATISTICS ------------------ 

........... NUMBER OF OBSERVATIONS 
MEAN MAXIMUM REFLECTANCE 

OF VITRINITE ................... % ....... STANDARD ERROR OF THE MEAN 
COEFFICIENT OF VARIATION ........ % ......................... VARIANCE 
STANDRRD DEVIATIDN ............... 
SKEWNESS ......................... 
KURTOSIS ......................... 

CELL LOWER NUMBER OF FREI%UENC;Y 
NUMRER LIMIT OBSERVATIONS ( % )  

3 1.00 1 1.00 
4 1.05 5 5.00 
5 1.10 27 27.00 
6 1.15 35 33.00 



Fordi nq Coal Li mi ted 
Sample FCL .#A95 
*Pellet #I R1.L 'Ver0/3 

2 C 1 - 3  lm 
. -..- 

BASIC STCITISTICS 

OF VITRINITE ...................% 1.05 ....... STANDARD ERROR OF THE MEAN 0.01 
COEFFICIENT OF VARIATION ........ % 5.20 ......................... VARIANCE 0.0030 
STANDARD DEVIATION ............... 0.0545 ......................... SKEWNESS 0.2346 
KURTOSIS .......................... 3.0132 

CELL STATISTICS -------- 

CELL LOWER NUMBER OF FREQUENCY 
NUMBER LIMIT OBSERVATIONS ( % )  

3 0.90 2 2.00 
4 0.95 16 16.00 
5 1.00 29 29.00 
6 1.05 37 37.00 
7 1.10 11  11.00 
8 1.15 5 5.00 

VITRINITE TYPE DISTRIBUTION 

VITRINITE FREQUENCY 
TYPE 



Fording Coal Limited 
Sample FCL *696 
Pel 1et # Z  

R1-l " I S 6 0  

. BASIC STATISTICS 9 <I 5 I qw... ------------- 

NUMHER OF OBSERVATIONS ........... 
MEAN MAXIMUM REFLECTANCE 

OF VITRINITE ................... % 
STANDARD ERROR OF THE MEAN ....... 
COEFFICIENT OF VARIATION ........ % ......................... VARIANCE 
STANDARD DEVIATION ............... ......................... SKEWNESS ......................... KURTOSIS 

CELL STATISTICS ------------ 

CELL LOWER NUMBER OF FREQUENCY 
NUMBER LIMIT OBSERVATIONS ( % )  

2 0.95 8 8.00 
3 1.00 29 29.00 
4 1.05 33 33.00 
5 1-10 26 26.00 
6 1.15 2 2.00 
7 1.20 2 2.0C 

VITRINITE TYPE DISTRIBUTION 
------------I--_---------- 

VITRXNITE FREQUENCY 
TYPE ( % )  ----------------------- 
V 9 8.00 
V10 62.00 
V11 28.00 
V12 2. 08 



Fording C o a l  L i m i t e d  
Sample FCL #A97 
P e l  let #I  I ' /'b&O 

71 1 - 7 3  Om 
BASIC STATISTICS 

NUMBER OF OBSERVATIONS ........... 100 
MEAN M4XIMUM REFLECTANCE 

OF VlTRINITE ................... % 1.08 
STANDARD ERROR W THE MEAN ....... 0.00 
COEFFICIENT OF VARIATION ........ % 3.97 
VARIANCE ......................... 0.0018 
STANDARD DEVIATION ............... 0.0429 
SKEWNESS ......................... 0.0839 
KURTOSIS ......................... 2.6642 

CELL STATISTICS ----- -- 

CELL LOWER NUMBER OF FREQUENCY 
NUMBER LIMIT OBSERVATIONS ( % )  

2 0.9: 2 2.00 
3 1.00 17 17.00 
4 1.05 48 48.00 
5 1.10 25 25.00 
6 1.15 8 8.00 

VITRINITE TYPE DISTRIBUTION 

VITRINITE frHEQUENCY 



Fordi  ng C - a l  L i  mi ted 
Sample FCL #698 
P e l X e t  #1 R 13 " /f&pJ 

EIASIC STATISTICS tr, ----------------- 

........... NUMBER OF OBSERVATIONS 
MEAN MAXIMUM REFLECTANCE 

................... OF VITRINITE % ....... STANDARD ERROR OF THE MEAN ........ COEFFICIENT OF VARIATION % ......................... VARIANCE 
STANDARD DEVIATION ............... ......................... SKEWNESS ......................... KURTOSIS 

i 
CELL STATISTICS 

CELL LOWER 
NUMBER LIMIT ----------------- 

3 1.00 
4 1.05 
5 1.10 
6 1.15 
7 1.20 

NUMBER OF FREQUENCY 
OBSERVATIONS ( % )  .......................... 

1 1.00 
26 26.00 
37 37.00 
31 31.00 
4 4.00 

8 1.25 1 1.C0 

n VITRINITE TYPE DISTRIBUTION 

a VITRINITE FREBUENCY 
TYPE ( % )  ....................... 

dl V10 27.00 
Vii 68.00 
'21" 5. oi) 

1 

.- 
-en - ^ - - - . - p - ~ - -  



- W A R Y  OF PETROGRAPHIC ANALYSIS 

$ M1480 , t720 @H l9S+ 
-+- 5% Sulphur 0.26% 

4 CJEAw 

: 61 Average Pellet 62 ..? ... % 

v-ll... 

REACTIVE COMPOKElTS 

Vitrinite................. . a %  33.5 
Reactive Semifusinite 

Neasured.(P).........% 10.8 
Exinite. . . . . . . . . . . . . . . . . . . a .  % 0.0 

Total Reactives.............% 4h.3 

IUERT COUPOHEATS 

Inert Semifusinite 
Measured.(P)..........% 37.4 

Yacrtnfte............ ....... % 9.9 
Tustnite....................% 1.9 
Xnartodrtrlnite.............% 1.6 
' i n a r - 3 1 - Y a t t e r .  ............. X 13.9 

PFT3OCRAPUIC INDICES 

Yaan R e F l o e t a n c e . . . . . . . . . . . . %  1.38 1.375 1.37 
C a l c u l n t a d  R % l ~ n c e  Index.. . .. 5.34 
'1' ':lit*? T t - ~ r q t h  I q d e x . .  . . 5.27 
* "  '- 1' SC?h!litv ! n d ~ ~ .  .. 2 5 

""DTCTkD FREE SWELLTJG IRDEX 
q.q*' ~ P ~ S U P P L I  : n p r t s )  < 11 



SUMHARY OF PETROGRAPHIC ANALYSIS 

IDENTIFICATION 

............ Laboratory Number MI498 RH i963 Sc.?m* 
Description .................. FCL 8730 

Ash 12.8% Sulphur 0.271 

DISTRIBUTION OF VITRIBITE TYPES 

P 
Pellet 81 

V-8 ......................... % 
v-9 ......................... % 
v-10 ........................ X 
v-11 ........................ % 
v-12 ........................ % 7 
V-13 ........................ % 6 4 
V.14 ........................ % 2 9 
V-15 ........................ % 
V-16 ........................ $ 

REACTIVE COMPONENTS 

................... Vitrinite % 
Reactive Semifusinite 

Measured.(P) ......... % ..................... Exinite % 

Average Pellet # Z  

Total Reactives ............. % 51.2 

INERT COMPONENTS 

i .......... Inert Semifusinite 
Measured.(P) % ................... i Macrinite % .................... Fusinite % ............. Inertodetrinite % 

Mineral.Matter .............. % 

................ I Total Inerts % 

PETROGRAPHIC INDICES 

Mean Reflectance ............ I 1.37 1.375 1.39 
Calculated Balance Index ..... 4.07 
Calculated Strength Index .... 5.54 
Calculated Stability Index ... 4 0 

PREDICTED FREE SWELLING IHDEX 
(Based on measured Inerts) 4 



i 

f .  SUMMARY OF PETROGRAPHIC ANALYSIS 

F IDENTIFICATION 

~ a b o r a t o r y  Number... . . . . . . . . .  MI497 RH 1955 ' k m 4  
D e s c r i p t i o n . .  ................ FCL R729 

Ash 13.5% S u l p h u r  0.24% 

DISTRIBUTION OF VITRINITE TYPES 

P e l l e t  # l  Average  P e l l e t  62 
f v-8.........................% 

V - 9 . . . . . . . . . . . . . . . . . . . . . . . . . %  
v-10 ........................ $ 7 n V-ll........................% 0.5 1 
v-12........................% 11 10 9 
V-13........................% 60 64.5 69 
V-14........................% 29 2 5 21 
V-15........................% 

I 
V-16.......................-% 

) REACTIVE COMPONENTS 

Vi t r i n i t e . . . . . . . . . . . . . . . . . . .%  
R e a c t i v e  S e m i f u s i n i t e  

i 
Measured.(P). . . . , . . . .% 

Exinite. . . . . . . . . . . . . . . . . . . . .% 

I T o t a l  Reactives... . . . . . . . . . .$ 51.7 

IBERT COMPONENTS 

I n e r t  S e r n i f u s i n i t e  
Measured.(P). . . . . . . . . .% 

M a c r i n i t e . . . . .  .............. % 
Fusinite. . . . . . . . . . . . . . . . . . . .% 
Inertodetrinite.............% 
Mineral-Matter . . . . . . . . . . . . . .% 

T o t a l  Ine r t s . . . . . . . . . . . . . . . .%  48.3 
I 

1 
PETROGRAPHIC INDICES 

Mean Ref lec tance . . . . . . . . . . . .% 1.37 1.365 1.36 
C a l c u l a t e d  B a l a n c e  Index.. . . .  3.95 
C a l c u l a t e d  S t r e n g t h  Index . . . .  5. 1i2 
C a l c u l a t e d  S t a b i l i t y  I n d e x . . .  4 1 

i 
PREDICTED FREE SWELLING I N D E X  

(Baaed on measured  I n e r t s )  



SUHUARY OF PETROGRAPHIC ANALYSIS 

IDEBTIFICATIOB 

Laboratory Number............ MI496 R8 195-2 
Description.................. FCL 1728 Q S M t u  

Ash 13.7% Sulphur 0.26% 

i 

t DISTRIBUTIOB OF VITRINITE TYPES 

Pellet #l Average 
V-8 .........................% 
v-9.........................% 
v-10. .......................% 
v-11 ......................... 1 1 
V-12. ....................*..% 22 21.5 
V-13 ......-..............*..% 54 58.5 
V-14.. . . . . . . . . . . . . . . . . . . . , .A 2 3 19 
V-15........................% 
V-16.. ......................% 
REACTIVE COHPONENTS 

Vitrinite ...................% 46.8 \ Reactive Semifusinite 
Measured.(P).........% 12.2 

Exinite.. ................... % 0.0 

I Total Reactives.. .... ..... ..% 59.0 

INERT COHPONENTS 

Inert Semifusinite 
Measured.(P) .......... % 

Macrinite .................... 
Fusinite. ................... % 
Inertodetrinite ..........,.. % 

# Mineral-Matter .............., 
I Total Inerts................% 

Pellet 

\ RTROGRAPHIC INDICES 2 

Mean Reflectance. ........... $ 1.35 1.345 1-34 
Calculated Balance Index..... 2.73 
Calculated Strength Index.... 5.48 
Calculated Stability Index... 51.5 

{ PREDICTED FREE SWELLING IlDEX 
(Based on measured Inzrts) 6 

i 
- % 



SUMMARY OF PETROGRAPHIC ANALYSIS 

IDENTIFICATION 

L a b o r a t o r y  Number. . . . . . . . . . . .  MI499 SEA* /?w 
D e s c r i p t i o n . . . . . . . . . . . . . . . . . .  FCL 8 7 3 1  

Ash 1 0 . 7 %  S u l p h u r  0 .23% 

DISTRIBUTION OF VITRINITE TYPES 

P e l l e t  8 1  
V - 8  ......................... % 
v-9 ......................... % 
v-10 ........................ % 
v-ll. . . . . . . . . . . . . . . . . . . . .  ... % 3 
V-12........................% 2  8  
V-13...................... ..% 6 1  
V-14...............-..... , , . . I  8 
v-IS . . . .  .................... .% 
V-16........................% 

REACTIVE COMPONENTS 

V i t r i n i t e . . . . . . . . . . . . . . . . . . . %  
R e a c t i v e  S e m i f u s i n i t e  

M e a s u r e d . ( P ) . . . . . . . . . %  
E x i n i t e .  .................... % 

T o t a l  R e a c t i v e s . . . . . . . . . . . . . %  

INERT COMPONENTS 

I n e r t  S e m i f u s i n i t e  ......... M e a s u r e d . ( P ) .  % 
M a c r i n i t e  ................... % 
h s i n i t e  .................... % 
I n e r t o d e t r i n i t e .  ............ % 
M i n e r a l - M a t t e r  .............. % 

T o t a l  I n e r t s . . . . . . . . . . . . . . . . %  

PETROGRAPHIC INDICES 

Mean R e f l e c t a n c e . . . . . . . . . . . . %  1.32 
C a l c u l a t e d  B a l a n c e  I n d e x . . . . .  
C a l c u l a t e d  S t r e n g t h  I n d e x . . . .  . C a l c u l a t e d  S t a b i l i t y  I n d c x . .  

PREDICTED FREE SWELLING INDEX 
( B a s e d  o n  m e a s u r e d  I n e r t s )  

A v e r a g e  P e l l e t  #2 



.- Fording Coal L i m i t e d  
-m 
*. Sample FCL # A 9 9  

P e l  lee #1 I +  1v3c;;a 

l OY 0 - 107. ( , 
BCISIC STATISTICS 

NUMBER OF OBSERVATIONS ........... 100 
MEAN MAXIMUM REFLECTANCE 

OF VITRINITE ...................% 1.09 ....... STANDARD ERROR OF THE MEAN 0.00 
COEFFICIENT OF VARIATION ........ % 4.51 ......................... VARIANCE 0.0024 
STANDARD DEVIATION ............... 0.0491 
SKEWNESS ......................... -0.1276 ......................... KURTOSIS 2.5932 

C E U  STATISTICS ---------- 

CELL LOWER NUMBER OF FREQUENCY 
NUMBER LIMIT OBSERVATIONS % )  

---------------.-----------________________________________________---------________________________________________________________________________________------ 
2 0.95 2 2.00 
3 1.00 18 18.00 
4 1.05 34 34.00 
5 1.10 32 32.00 
6 1.15 13 13.03 
7 1.20 1 1.09 

VITRINITE FREDUENCY 
TYPE ( % )  ....................... 

V 9 2.00 
Vl0 52.00 
v i  i 4;. 00 

F- - 7 v i 2  1 . OD 
L- 







Ford5 ng Ccaal Li mi ted 
S a m p l e  FCL #702 
,Pel let *X " ' 6 6 3  

84 I - 8 5 . 1 ~  
BASIC STATISTICS ---------------- 

NUMBER OF OBSERVATIONS ........... 100 
MEAN MAXIMUM REFLECTANCE 

................... OF VITRINITE % 1.02 ....... STANDARD ERROR OF THE MEAN 0.00 
COEFFICIENT OF VfiRIATION ........ % 4.01 ......................... VARIANCE 0.0017 
STANDARD DEVIATION ............... 0.0410 
SKEWNESS ......................... 0.1796 
KURTOSIS ......................... 3.8581 

CELL STATISTICS - - 

CELL LOWER NUMBER OF FREQUENCY 
NUMBER LIMIT OBSERVATIONS ( % )  ........................................... 

3 0.90 4 4.00 
4 0.95 2 1 2: .  00 
5 1 . 06-b 44 44.00 
6 1.05 29 29.00 
7 1.10 1 1.00 
6 1.15 1 1.00 

VITRINITE TYPE DlSTRIFUTION .......................... 

VITRINITE FHEOUENCY 
TYFE ( 7 . )  ....................... 
v 9 23 . (:)(:) 
Vin 73.00 
V 1 1  2 . t:)i) 

r J  &. 
f 

?-' 

bP I 
' 3  



Fordi nq Coal L i m i t e d  
S a m p l e  FCL #703 
P e l  let # I  n1-E '" 1 8 6 3  

BASIC STATISTICS 
113 5 -11'?,6- 

NUMBER OF OBSERVATIONS ........... 100 
MEAN MAXIMUM REFLECTANCE 

OF VITRINITE ................... % 1.11 
STANDARD ERROR OF THE MEAN ....... 0.00 
COEFFICIENT OF VARIATION ........ % 3.78 
VARIANCE .. . . . . . . . . . . . . . . . . . . . . . . .  0.0018 
STANDARD DEVIATION ............... 0.0420 
SKEWNESS ......................... -0.2191 
KURTOSIS ......................... 2.8557 

CELL STATISTICS ------------ 

CELL LOWER NUMBER OF FREQUENCY 
NUMBER LIMIT OBSERVATIONS ( % )  

3 1.00 8 8.00 
4 1.05 29 29.00 
5 1.10 44 44.00 
6 1.15 18 18.00 
7 1.20 1 1.00 



SUmARY OF PETROGRAPHIC ANALYSIS 

IDEHTIFICATIOB 

Laboratory Number ............ MI495 RH 11L3 SzkM &u 
~escription .................. FCL 8704 

Ash 12.3% Sulphur 0.73% 

!B DISTRIBUTION OF VIPRIHITE TYPES 

Pellet #l Average 
v-8 ......................... I 
V.9 ......................... % 0.5 
v.10 ........................ % 2 9 34.5 
V.11 ........................ I 6 8 62 
V.12 ........................ 5 3 3 
V.13 ........................ % 
V.14 ........................ % 
V.15 ........................ % 
V.16 ........................ % 

REACTIVE COHPOAENTS 

................... Vitrinite % 
Reactive Semifusinite ......... Measured.(P) % 
Exinite ..................... % 

............. Total Reactives % 

Inert Semifusinite 
Measured.(P) .......... % ................... Macrinite % 

Fusinite .................... % 
Inertodetrinite ............. % .............. Mineral-Matter % 

................ f Total Inerts % 
c: 

PETROGRAPHIC INDICES 

Mean Reflectance ............ % 1.12 
Calculated Balance Index ..... 
Calculated Strength Index .... 
Calculated Stability Index ... 

Pellet 82 

1 
40 
56 
3 

.. 
8 

PREDICTED FREE SWELLING INDEX 
i (Based on measured Inerts) 



Fording Coal Limited 
Sample FCL #705 
Pellet #I G1-j @ r p 9  

BASIC STATISTICS 
10.5 - 

........... NUMBER OF OBSERVATIONS 
MEAN MAXIMUM REFLECTANCE 

OF VITRINITE ...................% ....... STANDARD ERROR OF THE MEAN 
COEFFICIENT OF VARIATION ........ % ......................... VARIANCE 
STANDARD DEVIATION ............... ......................... SKEWNESS ......................... KURTOSIS 

CELL STATISTICS ------------- 

CELL LOWER 
NUMBER LIMIT 

2 0.85 
3 0.90 
4 0.95 
C 
.J 1.00 
6 1.05 

NUMBER OF FREQUENCY 
OBSERVATIONS ( % )  

..-- 
2 2.00 
7 7.00 
33 33.00 
43 45.00 
15 15.00 

I VITRINITE TYPE DISTRIBUTION 

VITRINITE FREOUENCY 
TYFE ( % )  ....................... 

V 8 2.00 
V 9 4C,.00 
VlO 58. 00 



Fording Coal L i m i t e d  
S a m p l e  FCL #706 
Pellet #1 I I g6 9 

........... NUMBER OF OBSERVATIONS 100 
MEAN MAXIMUM REFLECTANCE 

OF VITRINITE ...................% 1.06 
STANDM'D ERROR OF THE MEAN ....... 0.00 
COEFFICIENT OF VARIATION ........ % 3.85 ......................... VARIANCE 0.0017 
STANDARD DEVIATION ............... 0.0407 
SKEWNESS ......................... 0.1497 
KURTOSIS ......................... 2.7.540 

CELL LOWER NUMBER OF FREDUEI\!CY 
NUMBER LIMIT OBSERVATIONS ( % )  

2 0.95 7 7.00 
3 1.00 32 32. 0C' 
4 1.05 44 44.00 
5 1.10 15 15.00 
6 1.15 2 2.00 

VITRINITE TYPE DISTRIRUTION ........................ 



Fordi ng Coal L i  mi ted 
Sa m p l e  FCL w 7 0 7  
Pel 1et # X  414 "1867 

49.5 - 5 2 - 6  ,, 

BASIC STATISTICS 
r ---------------- 

NUMBER OF OBSERVATIONS ........... 100 
MEAN MAXIMUM REFLECTANCE 

OF VITRINLTE ................... % 1.07 - -~ 

I ....... STANDARD ERROR OF THE MEAN 0.00 . . 
COEFFICIENT OF VARIATION ........ % 4.25 
VARIANCE ......................... 0.0020 
STANDARD DEVIATION ............... 0.0453 
SKEWNESS ......................... 0.1931 
KURTOSIS ......................... 3.0185 

CELL STATISTICS ---------- 

CELL LOWER NUMBER OF FREOUENCY 
NUMBER LIMIT OBSERVATIONS ( % )  

2 0.95 5 5. 00 
3 1-00 27 27.00 
4 1.05 43 43.00 
5 1.10 20 20.C10 
b 1.15 5 5.00 

VITRINITE TYPE DISTRIBUTION 

VTTRINITE FREDUENCY 
TYPE ( % )  ....................... 



F o r d i n g  C o a l  L i m i t e d  
S a m p l e  FCL #708 
Pellet # +  R1-4 " 1E:W 

BASIC STATISTICS 

NUMBER OF OBSERVATIONS ........... 100 
MEAN MAXIMUM REFLECTANCE 

OF VITRINITE ...................% 1.10 
STANDARD ERROR OF THE MEAN ....... 0.00 
COEFFICIENT OF VARIATION ........ % 3.87 
VARIANCE ......................... 0.0018 
STANDARD DEVIATION ............... 0.0427 
SKEWNESS ......................... 0.0972 
KURTOSIS ......................... 2.5352 

CELL STATISTICS -------- 

CELL LOWER 
NUMBER LIMIT ------- 

3 1.00 
4 1.05 
5 1.10 
6 1.15 
7 1.20 

NUMBER OF FREQUE,VCY 
OBSERVATIONS ( % >  

.----------------_-__________________________-__________________________________________________________________________________________________________________________________ 

9 9.00 
28 28.0'1 
46 46. 00 
16 16.0$ 
1 1.00 

VITRINITE TYPE DISTRIBUTION ---------- 

VITRINITE FHEOUENCY 
TYPE ( % )  --- ------------.-------- 
~ 1 0  37.00 
Vi 1 62. 00 
L'12 1 . k.10 



SUUUARY O F  PETROGRAPHIC ANALYSIS 

IDERTIFICATIOA 

Laboratory Number............ M1469 
n e 3 c r l p t i o n . . . . . . . . . . . . . . . . . .  FCL 8709 /2 1- ' .  .2 :95<? 

Ash 18.0% Sulphur 0.48% 

DISTSIB!JTIOI OF VITRIAITE TYPES 
5L 

REACTIVE COMPOAENTS 

Vitrinite...................% 
Reactive Semifusinite 

Measured.(P) ......... % 
Exfntte .....................% 
Total Reactives.............% 

Pellet # I  Average Pellet I ?  

INERT COHPOAEATS 

Tnert Semifusinite .......... Heasured.(P) % 
H%crtnite.. .................% 
Tuslnite. ...................% 
Tncrtodetrtnite.............% 
Yineral-Matter..............% 

" o r 1 1  Inerts ................% 
PETSOCRAPHIC TRDICES 



SUMMARY OF PETROGRAPBIC ANALYSIS 

Iz IDERTIFICATION 

. . .  .. M1470 .yrcj7 .......... L a b o r a t o r y  Number.. 
FCL 8 7 1 0  

- iT i c'_- 
D e s c r i p t i o n . . . . . . . . . . . . . . . . . .  

Ash  21 .1% S u l p h u r  0 .42% 

DISTRIBUTION OF VI IRINITE TYPES 

P e l l e t  
V-8 ......................... % 
v-9 ......................... % 
v-10.. ...................... % 
v-It . . . . . . . . . . . . . . . . . . . . . . . .% 5 
v-12.. ...................... S 5 3 
V-13.. ...................... % 40  
V-14........................% 2 
V - 1 5 . . . . . . . . . . . . . . . . . . . . . . . . %  

8 1 A v e r a g e  

V-15........................% 

, REACTIVE COMPONENTS 

Vitrinite...................% 
R e a c t i v e  S e m i f u s i n i t e  

M e a s u r e d . ( P ) . . . . . . . . . %  
E x i n i t e . . . . . . . . . . . . . . . . . . . . . %  

T o t a l  React ives. . . . . . . . . . . . .% 

IUERT COMPOAENTS 

I n e r t  S e m i f u s i n i t e  
Measured . (P) . . . . . . . . . .% ................ Y a c r i n i t e . . .  % 

F u s i n i t e . . . . . . . . . . . . . . . . . . . . %  
I n e r t o d e t r i n i t e  .............. % 

II Ylneral- matter...............^ 

T o t a l  I n e r t s . . . . . . . . . . . . . . . . %  

f PRTROGRAPHIC INDICES 
".. 

Ncan R e f l e c t a n c e . . . . . . . . . . . . %  1 .28  ... C n l c u l a t e d  B a l a n c e  I n d e x . .  
S3 !eu?a ted  S t r e n g t h  T n d e x . . . .  .. ' ; l i . ,!?-tt .nd S t : i h i l l t v  T n d e x .  

F 
L PRFDICTED FREE SHELLING IYDEX 

' n ? * - !  on m c ~ s u r - e d  I n e r t s )  
~ 7 3  

J 

P e l l e t  62  



SUMMARY OF PETROGRAPHIC ANALYSIS 

.IDEUTIFICATION 

Laboratory Number............ M1471 2 :(-7 7 3 
Description.................. FCL C711 @,I+ i d  

Ash 24.5% Sulphur 0.38% 
C - - 
c2 ::'. p 

DISTRIBUTION OF VITRIAITE TYPES 

Pellet #l Average Pellet #2 
V - 8 .  ........................ % 
V-O.........................$ 1 0.5 
v - t n . . . . . . . . . . . . . . . . . . . . . . . . $  2 1.5 1 
V - l l . . . . . . . . . . . . . . . . . . . . . . . . %  3 0 35.5 41 
V - I ? . . . . . . . . . . . . . . . . . . . . . . . . $  6 5 6 1 57 
V - 1 3 . . . . . . . . . . . . . . . . . . . . . . . . %  2 1.5 1 
v - l U . . . . . . . . . . . . . . . . . . . . * . . . $  
V-lS........................% 
v-rn......... ............... $ 

REACTIVE COMPONENTS 

V f t r f n i t e . . . . . . . . . . . . . . . . . . . %  . 49.1 
9eactive Semifusinite 

Measured.(P).........$ 8.5 
E x i n i t e . . . . . . . . . . . . . . . . . . . . . %  0.3 

"otal Seactives..... ........ % 57.9 

TUERT COHPOAEATS 

Inert Semifusinite 
Heasured.(P).. ........ $ 23.8 

X a c r f n l t e  ...................% 0.6 
ruslnlte ................,...% 2.8 
Tnertodetrtnfte .........,... % 1.6 
Yineral-ustter..............% 13.3 

Total Xnerta ...............,I 42.1 

PFTROZRAPATC TADTCES 



Fording Coal L i m i t e d  
Sample FCL a712 
pel let #I  R 1-t " 1868 

BASIC STCYTISTICS 
/ I S  We, (19 2 ,  

_-_-____I_-__-- 

NUMBER OF OBSERVATIONS 100 ........... 
MEAN MAXIMUM REFLECTANCE 

OF VITRINITE ...................% 1.15 
STANDARD ERROR OF THE MEAN ....... 0.01 
COEFFICIENT OF VARIATION ....... .% 6.49 ......................... VARIANCE 0.0055 
STANDARD DEVIATION ............... 0.0744 ......................... SKEWNESS 0.2903 
KURTOSIS .......................a. 2-4449 

CEU STATISTICS _ _ _ - _ _ _ - - -  

CELL LOWER NUMBER OF FREQUENCY 
NUMBER LIMIT OBSERVATIONS ( % )  

3 1.00 11  11.00 
4 1.05 16 16.C0 
5 1.10 26 26.00 
6 1.15 2 1 21.110 
7 1.20 16 16.00 
8 1.25 7 7.00 
9 1.30 3 3.00 

VITRINITE TYPE DISTRIBUTION 
______^______I-_------- 

VITRINITE FREQUENCY 



SUHUARY OF PETROGRAPHIC AKALYSIS 

f-7 
k-h IDEATIFICATIOA 

Laboratory N u m b e r . . . . . . . . . . . .  M1473 R / $  ,e-,'G 7" 
Descr lp t ton . . . . . . . . . . . . . . . . . .  FCL 8 7 1 3  1 .  

Ash 2 5 . 5 %  S u l p h u r  0 . 3 9 %  
C - 

n ,PC 
V r- 

DISTRIAUTIOR OF VITRIKITE TYPES 

P e l l e t  $ 1  Average P e l l e t  12 
v-R . . . . . . . . . . . . . . . . . . . . . . . . .%  
v - ? . . . . . . . . . . . . . . . . . , . . . . . . . . %  
V - l o . . . . . . . . . . . . . . . . . . . . . . . . %  
V - I l . . . . . . . . . . . . . . . . . . . . . . . . %  8  1 1 . 5  15 
V-12...........-..-.........% 8 4  7 9 . 5  7 5  
V - 1 3 . . . . . . . . . . . . . . . - . . . . . . . . $  8  9 10 
v - I & . . . . . . . . . . . . . . .  ......... $ 
V-15 ........................% 
v - 1 6  ........................I 

REACTIVE COMPOKENTS 

V i t r i n i t e .  .................. % 5 0 . 7  
R e a c t i v e  S e 3 i f u s i n i t e  

M e a s u r e d . ( P ) . . . . . . . . . %  7 . 6  
F x i n f t s .  ....................% 0  . 0 

t o t a l  R e a o t i v e s . . . . . . . . . . . . . %  5 8 . 3  

TRERT COMPONENTS 

I n e r t  S e r n f f u s i n i t e  
H e a s u r e d . ( P )  .......... % 2 3 . 6  

H a c r f n i t e  . . . . . . . . . . . . . . . . . . . I  0 .5  
P u s f n f t r  ....................% 1 . 6 
Inortodotrinite.............% 2 . l  
Xtnoral-Matter..............% 1 3 . 9  

t o t ? ?  Tnarts  ................% 4 1 . 7  



- , g  Coal L i m i t e d  
uR'r 7~ * ;,,p 1 e FCL #7 1 4  

-3 1 r40.- * a& ++I 
5-3 .L t .  61-i * i s 6 5  

4 3 - 5  k 4 S .  
BCISIC STATISTICS 
_I_-_-_-------- 

NUMBER OF OBSERVATIONS ........... 100 
MEAN MAXIMUM HEFLECT6NCE 

OF VITRINITE ................... % 0.97 
STANDRRD ERROR OF THE MEAN ....... 0.00 
COEFFICIENT OF VARIATION ........ % 4.73 
VARIANCE ......................... 0.0021 
STANDARD DEVIATION ............... 0.0458 
SKEWNESS ......................... -0.2244 
KURTOSIS ......................... 2.7885 

CELL STATISTICS 

CELL 
NUMBER 

LOWZR NUMBER OF FREQUENCY 
LIMIT OBSERVATIONS ( % )  

O.8E1 6 6.110 
0.90 17 17.00 
0.93 46 46. 00 
1.0C 28 28.00 
1.05 3 3.00 

- 
I_ ._ 
...  

~ - VITRlNITE N P E  DlSTRIRUTION 
- .  ----------------.------------ 
, . 

,. 
' ~ . s ~ ~ f ~ I t l I I E  R!ICL!ENCY 

~. I t 1  C ( 7. ) 
L . , - - - "  

. . 



Fording Coal Li mi ted 
Sample FCL #715 
Pellet #I R1-t " 1865 

BASIC STATISTICS 
6 3  o 

NUMBER OF OBSERVATIONS ........... 
MEAN MAXIMUM REFLECTANCE 

OF VITHINITE ................... % 
STANDMD ERROR OF THE MEAN ....... 
COEFFICIENT OF VARIATION ........ % .......... ......................... VARIANCE 
STANDARD DEVIATION ............... ......................... SKEWNESS ......................... KURTOSIS 

C U L  STATISTICS ------------ 

CELL LOWER NUMBER OF 
NUMBER LIMIT OBSERVATIONS 

2 0.83 1 
3 0. 90 9 
4 0.95 40 
5 1.00 39 
6 1.03 10 
7 1. I C I  1 

VITRINITE TYPE DIS'RIBUTION 

VITRINITE FREDUENCY 
TYPE ( % )  ....................... 

V 8 1.00 
v 0 4<?. C)C) 
( ' l l - ,  4 7 .  l j l -1  

V11 1. ou 

- - A--. ---- ---- 



Fording Coal Limited 

Sample FCL *716 
P e l  1et . 1 + ~  P,/+ " ' l d 4 5  

- 
BASIC STATISTICS 

117~4 . . - 

" ------------ 

........... NUMBER OF OBSERVATIONS 100 
MEAN MAXIMUM REFLECTANCE 

........... NUMBER OF OBSERVATIONS 100 
MEAN MAXIMUM REFLECTANCE 

OF VITRINITE . . . . . . . . . . . . . . . . . . . x  1.07 
STANDARD ERROR OF THE MEAN ....... 0.00 ‘ 
COEFFICIENT OF VARIATION ...,....% 4.14 ...................... 0.0020 ............... STANDARD DEVIATION 0.0447 
SKEWNFCC 

'ITRINI TE FREQUENCY 
TYPE 





SUMMARY OF PETROGRAPHIC ANALYSIS 

IDENTIFICATIOU 

Laboratory Number............ MI478 ( i j  ,-;y C.,; 
FCL 8718 

- 
Descr ip t ton . . . . . . . . . . . . . . . . . .  

Ash 23.0% Sulphur 0.58% 

DISTRIBUTIOU OF VITRINITE TYPES 

Pellet b l  
v-8 ......................... % 
v-9 ......................... % 
v-10 ........................ % 
v-11.. ...................... % 
v-ir ........................ X 2 3 
v-13 .................. ......I 65 
v-in... ..................... X 12 
11-1? ........................ X 
T-16........................% 

REACTIVE COMPONENTS 

Vttrtnite...................% 
Reactive Semifusinite 

Measured.(P).........% 
F x l n t t e . . . . . . . . . . . . . . . . . . . . . %  

Average Pellet 6 2  

Total Reactives.............% 62. 0 

- o ? r :  Tnrrts.......... ...... % 38.0 

" A ~ . .  ~ * p : e c : ~ ~ c * . . . . . . p . . . . . %  1.34 1.345 1. -15 

.: t t n i  5-i l; ince Index..... 2.41 . .  
- a :  . * i :atsd Strength Inc'ex.. .. 5.56 .. ... * : ' ? ' * . ?  T t l h i l t t y  Trideu. 5 4 

p ~ w 7 T C Y E n  FREE SWELLING INDEX . . - !  - 'C i e r t s )  , 6 . 5  



SUMMARY OF PETROGRAPHIC ANALYSIS 

Laboratory Number............ M1479 f? i j  Lrc? : J - I . 
!Jcscrtption .................. FCL 8719 

Ash 24.8% Sulphur 0 . 5 0 1  

DTSTRIBUTIOB OF VITRIIITE TYPES 
Seed 5 C 

RELCTIVE COMPONENTS 

6 Vitrinlte...................~ 
Reactive Semifusinite 

Heasured.(P).........% 
h x l n i t e . . . . . . . . . . . . . . . . . . . . . %  

Total Reactives.............% 

IUERT COMPONENTS 

Inart Semifusinite 
Yessured.(P)..........% 

Y % : r l n i t e . . . . . . . . . . . . . . . . . . . %  
Pu3tnlte... ................. I 
'?*rtodatrtnite ............. % 
!+!nrrol-Hatter..............% 

Pellet 81 Average Pellet 4 2  



SUMHARY OF PETROGRAPHIC ANALYSIS 

Laboratory Number............ M1481 
9nscrfptton.. FCL 8721  

q N ' 1 9 6 0  ................ 
Ash 1 7 . 8 %  Sulphur 0 . 3 7 %  

* 

DTSTRIRUTIOH OF VITRINITE TYPES 
S c q m  4 

Pellet 
v-a ...................*.....% 
v - 9  .......*.................% 
v-10 ........................% 
V-11 ........................% 1 
v-12 ........................$ 7  
V-13 ......................... 5 3  
v-14 ...................*....% 3  9 
a - 7 5  ........................% 
V-16 ........................$ 
REACTIVE COMPONENTS 

Vl:rfntte..............,....% 
R e a c t i v e  Semifuainite 

Y e a s u r e d . ( P ) . . . . . . . . . %  
K x l n i t e  .....................% 
Total R e a c t l v e s . . . , . . . . . . . . . %  

TlERT COMPONENTS 

PfToQ7R.4PAXC TRDICES 

I*. > . L  - . C 1  

.. . *? tnnca . . . . . . . . . . . .% 1 . 3 7  
' : ' . : : a t a d  Rnlance I n d e x .  .,,, 

- * ' - . I :  r f * ,?  S t r e n g t h  rndpx. .  .. . . .  .. ' ' " 1  R t s h l l l t v  T n d e x .  . . . .  

# 1 Avera 

0.5 
5 . 5  

5  5 
3 7 . 5  

0 . 5  

4 5 . 2  

9.3 
0 . 0 

54.5 

2 9 . 7  
1 . 2  
1 . 9  
4 . 0  
9 . 7  

4 5 . 5  

1 . 3 7 5  
3 . 6 0  
5.70 

4 6 

.ge Pellet # 2  





SDWnARY OF PETROGRAPHIC ANALYSIS 

IDEATIFICbTIOA 
;2 

L s b o r a t o r y  Number . . . . . . . . . . . .  M1483 
D e 3 c r i p t i o n . . . . . . . . . . . . . . . . . .  FCL #723 fit# 19~:;  

Ash 29 .1% S u l p h u r  0 . 4 7 %  

e 5--7 / . ..... DISTRIBUTIOA OF VITRIMITE TYPES 

REACTIVE COMPONENTS 

V i t r i n i t e  .............".....% 
"R R e a c t i v e  S e m i f u s i n i t e  

T o t a l  Reac t ives . . . . . . . . . . . . .%  

L 
TlERT COUPOIEATS 

T n e r t  S e m i f u s i n i t e  
Meaaured . (P ) . . . . . . . . . .%  

M a c r t n i t e  ...................% 
P u s i n l t e  ....................% 
Inertodetrinite.............% 
Minera l -Mat t e r . . . . . . . - . . . . . .%  

.. PETROGRAPHIC IADICES 
L- 

P e l l e t  # 1 A v e r a g e  P e l l e t  a 

u,,:-! D - F ? o c t ? n c e . .  .$ 1 .33  1 .33  7 .33  ......... 
T t l c u l a t e d  B a l a n c e  I n d e x . .  ... .. 3.31 
r * ? ? : l ? q t c d  S t r e n q t h  Tndfax.. 5.2d 
- 1 '  ' : ! ~ t + * i  Stability Tn(!ex. .. 4 1 

b-5* Pq??rCTKD FREE SWFLLTAC INDEX 

'""";I on measure , i  I n e r t s )  
e 

1; 



SUMARY OF PETROGRAPHIC ANALYSIS 

IDEATIFICATIOA 

............ Laboratory Number MI484 q {y- L3p) 
Description.................. FCL C724 

Ash 17.3% Sulphur 0.48% 

1 1 .  7 40 2.19. -- e- 

DISTRIBUTIOA OF VITRIUITE TYPES 

Pellet #l Average Pellet r ?  
v-8 .......................... 
v-9 ..................*......% 
v-10 ........................% 
V-11 ........................% 3 4 

4 7 
5  

v-12 ........................% 47.5 
4 7 

48 
V-13 ........................% 46 
V-14 .......................-% 3 

4 5 
2.5 2 

V-15 ........................% 
V-16 ........................% 
REACTIVE COMPONENTS 

Vitrinite ...................% 5 4 . 9  
Reactive Semifusinite 

Measured.(P).........% 'T . 0 
Exlnfte .....................% 0.0 

Total Reactives.............% 6 " . 9  

INERT COHPOAEATS 

Inert Semifusinite 
Heasured.(P)..........% 2b. 2 

?facrfnfte .............,.....% C, . 6 
Fusfnfte ..............,......% 7.4 
T n e r t o d e t r f n i t e . . . . . . . - . . . . . %  2.4 
Mineral-Matter..............% 9.5 

................. # Tots? 1net-t~ 38.1 

PETROCRlPAIC INDICES 

q*f;~rt?nca............$ 1.30 1.235 1 .29 
Calculated Ralance Index..... 2.17 
Calcul~ted StPen~th Index..., 5.38  
-':"'?>tad Stability Index... 

'1 
5 2 . 5  

-.= - 

PRF~TCTED FREE SWELLTUG INDEX 

-- 4 ' ' ' " " 3  0" measured Inerts) 6.5 
- 2  

*- --- 





Fordi nq C o a l  Li mi ted 
Ya Sample FCL #726 

BASIC STATISTICS ----------------- 

NUMBER OF OBSERVATIONS ........... 100 
MEAN MAXIMUM REFLECTANCE 

OF VITKINITE ................... % 1.27 ....... STANDARD ERROR OF THE MEAN 0.01 
COEFFICIENT. OF VARIATION ........ % 4.18 ......................... VARIANCE 0.0028 
STANDARD DEVIATION ............... 0.9533 ......................... SKEWNESS 0.0071 
KURTOSIS ......................... 2.0.874 

CELL STATISTICS 

VITRINITE FRZOUENCY 
TYPE ( :i > ----------------------- 
V11 7.00 
V 1 2  SJ. 00 
6' 1 ; .Ti.). ,>[, 



Ford ing  C o a l  L i m i t e d  
S a m p l e  FCL #727 
Pellet # +  

BASIC STATISTICS Sear, 7 

NUMBER OF OBSERVATIONS ........... 100 
4 MEAN MAXIMUM REFLECTANCE . 

OF VITRINITE ................... % 1.26 
STANDARD ERROR OF THE MEAN ....... 0.01 
COEFFICIENT OF VARIATION ........ % 4.66 
VfiRIANCE ......................... 0.0034 
STANDARD DEVIATION ............... 0.0586 
SKEWNESS ......................... -0.1900 
KURTOSIS ......................... 2.6794 

CELL STATISTICS -------------- 

CELL LOWER NUMBER OF FREQUENCY 
NUMBER LIMIT OBSERVATIONS f % f  

VITRINITE TYPE DISTRIBUTION 



" ~ ~ r d i r r g  Coal L i m i t e d  

BCISIC STATISTICS ------------------ 

........... NUMBER OF OBSERVATIONS 
MEAN MAXIMUM REFLECTANCE 

................... OF VITRINITE % ....... STANDARD ERROR 0F.THE MEAN ........ COEFFICIENT OF VARIATION % 
VARIANCE ......................... ............... STANDARD DEVIATION 
Sk.EWNESS ......................... 
WJRTOSIS ......................... 

CELL S~ATISTICS 

CELL 
NUMBER 

- - - - - - - - 
T 
3 

4 
5 
6 
7 
8 

LOWER NUMBER OF 
LIMIT OBSERVATIONS 

0.90 1 
0.95 9 
1.00 31 
1.05 32 
1.10 24 
1.15 -7 

3 

VITRINITE TYPE DISTI~IBUTION 



NUMBER OF ODSERVI~TIONS ........... 
MEAN MAXIMUM REFLECTANCE 

OF VITRIFIJ rE .................. .% 
STANDARD ERROR OF THE MEAN ....... 
COEFFICIENT OF VARIATION ........ % 
VARIANCE .......................... ............... STANDARD DEVIATION ......................... SkEWNESS ......................... KURTOSIS 

CELL STAT1 ST I CS ----------------- 

CELL LOWER NUMBER OF 
NUMBER LIMIT OBSERVATIONS 

3 0.90 2 
4 0.95 12 
5 1.00 29 
6 1.05 4 1 
7 1.10 12 
8 1.15 4 

VI THI NITE PRECIUENCY 
TYPE ( i ! )  ----------------------- 
V 9 14.00 
V1D 70.00 
V l l  16.00 

- ---- - 





B f i S I C  S T A T I S T I C S  

........... NUMBER OF OFSEHVATIONS 100 
MEAN MAXIMUM REFLECTANCE 

OF V I T R I N I T E  .................. .% 1.08 ....... STANDARD E R K R  OF THE MEAN 0. 0 1 
COEFFICIENT OF VARIAT ION ........ % 5.96 
VfiRIfiNCE ......................... 0.0041 ............... STfiNDfiRU DEVIfATION 0.0644 
SV.EWNESS ......................... 0.3778 
kURTDSIS ......................... 3.5267 

C E L L  S T A T I S T I C S  

CELL LOWER 

V I T R I N I T E  TYPE D I S T R I B U T I O N  

V I T t i Z N I  TE FF(EC!UENCY 
TYPE ( % )  

v 9 7. o u  
C' I v h9 . I-),-) 
V 1 1  31.00 
v12 2.00 
V 1 3  1. 00 



APPENDIX 4 

BULK SAMPLE ANALYSES 

i) Bulk Washability Tests - Birtley Report 



-3/4" x 0 Row Cool 

too 7. WI. 

30.3% Ash 

12.5% Ash Q - 28 mesh 

89.3 

54.4% + 65 Mesh 
10.0% ~ s h  

20.0% -325 mesh 1.6 7. WI. 

n 2 1 . 8  % Ash 

- 

7 

74.1% Wl. 
40, 7 % WI. 

34.7% Ash - 
1 

' 8 .9%Ash 

+ 28 mesh 

* 

f 

- 

- 

- 

- 

0.7 % W1. 

50.0 %Ash 

15.0% Ash 
5 .9  % WI. 

9.3 % A5h 

LEGEND: -- 
0 CIRCUIT YlELd7 % T I -  

WEIGHT % 9.2% &A 
ASH courmr (AIR DRIEOJ 

- 
e PLANT BALANCE FLSW SHEET 1 D a l e  

FORDING COAL LIYITED 
ADIT 21 / SEAM 7 Bulk Sample DECEMBER 1983 I 

I Drown 
LAB NO: 7882 



SlJ)WARY - BULK NASHING DATA ' i 

Bulk Sample Adi t  21 1 Sea& 7 Lab.No. 7882 

Date Received November 21, 1983 Date Washed November 21, 1983 

a) RAW COAL 

Del ivered Weight 3.891 Washed Weight 3.266 MI 

ADM% 4.1 ASH% 30.3 FSI 41 

b )  HEAVY MEDIA CIRCUIT: 3/4" x 28 Flesh = 74.1  % b y  w e i & t  

S.G. of Medium 1 .35  C a l c u l a t e d  Y i e l d  = 54.9% 

ASH% F .S . I .  

66.1 

c )  WATER-ONLY CYCLONE CIRCUIT: 28M x 0 = 25.9 % b y  weight  

V.F.C. X 1  = 3 cm X 2 5 c m  C a l c u i a t e d  Y i e l d  = 89.3  % 

ASH% F . S . I .  

10 .0  

16.4  , 
d) FROTH FLOTATION CIRCUIT: 65M X 0 = 8.2 

4:1 = Kvrosene: M.I.B.C. C a l c u l a t e d  Y i e l d  = 88.8  

60 .0  

e) FILTER CAKE: S.B.O. + CONCENTRATE = 9.7  ASH% 8 1  FSI 

A l l  weights  and ana . .ys is  a r e  on an A i r  D r i e d  B a s i s  
u n l e s s  o therwise  i n d i c a t e d .  



S W L Z R Y  - BULK WASHING DATA ( C o n t  .) 

B u l k  S a m p l e  A d i t  21 / Seam 7 L a b . N o .  7882 

f) CLEAN COAL: H . M . C . C .  + FILTER CAKE C a l c u l a t e d  Yie ld  61.5 % 

PROXIMATE 
ADM S %  C A L / W  F S I  HGI S . G .  

RM% I ASH% I VMe I FC% 

9.7 0.4 9 . 0  22.4 68.2 0.56 7781 8 85 1.34,  

MD% 

- 
G I E S E t E R  FLUIDITY TEST - 

DDPM TEMPIOCI 

START 1 444 

MAXIMUM 62 474 

FINAL 0 506 

RANGE 62 



SUMNARY - BULK WASHING DATA (Cant .l 

Bulk Sample Adit 21 / Seam 7 
' 

L ~ ~ . N o .  7882 

! 

i 

.€AN COAL INVENTORY 

SHIPPED IN STOCK 
DATE 

BBLS M.T. BBLS M.T. 

November 2 5 .  1985  --- --- 11 1 .798  - 
December 2 2 ,  1983 3 0.490 8 1 .308  

Birtley Coal 
& Minerals Testing 
l , , , i , i i .~,l, .  ",.I",., . , , t i  8 % .  i ."i l . i i . 



5 m p ( ~ ~ y  .- BULK WASHING DATA (C0nt -1 

A d i i  21 / Seam 7 Lab.No. 7882 
Bulk Sample 

HEAVY MEDIUM CIRCUIT 

CYCLONE: 14" DSM o p e r a t i n g  @ 52 KPa 

MAGNETITE MEDIm main ta ined  @ 1.35 S.G. 

1. FEED (314" x 28 Mesh) 2.420 M.T->L~~"% 3 FSI 

. . 

2. CLEAN COAL 1.269 M.T. 8 . 9   ASH%&!^' 

3. REJECT 1.151 M.T. 66.1 A S H % _ _ I _ ~ ~ I  

1.269 - = 
4. YIELD CLEAN COAL (Weighted) = . 2.420 52.4  % 

66 .1  - 3 4 . 7 -  
5 .  YIELD CLEAN COAL (Ca lcu la ted)  = - 8.9 54.9 % 

Birtley Coal 
& Minerals Testing 



I . -  

SUI.BRRY - BULK WASHING DATA (Cont .) 

Adit 21 / Seam 7 Bulk Sample Lab .No.>82 

WATER - ONLY CYCLONE CIRCUIT 

Primary Cyclone: 6" DSM ope ra t i ng  Q 138 KPa 

Vortex Finder  Clearance s e t  @ 3 c m  

Secondary Cyclone: 4" DSM opera t ing  @ 35 KPa 

Vortex Finder  Clearance s e t  @ - 5 cm 

Sieve Bend: 65 Mesh 

1. Feed (28 Mesh x 0) 17.7 ASH%- 8 F.S.I.  

2. Primary Cyclone Overflow 12.5 ASH%- 8 F.S.I. 

3. Secondary Cycione Underflow 61.2 ASH%. 1 F.S.I. 

4. S ieve  Bend Overflow (S.B.O.) 10.0 ASH% 81 F.S.I. 

5. Sieve Bend Underflow (S.B.U.) 16.4 ASH% 7 f  F.S.I. 

7. WtZ 28M x 6511 i n  Primary Cyclone Overflow = 64.4 % 

8 .  Estimated Yic ld  of 28M x 65M 
(S.B.O., a s  3 of 28M x 0 Feed) - - 57.5 % 

Birtley Coal 
& Minerals Testing 
,,,,,,l,...,,, , , ,  . .  " . I # ,  

a r r r ~ P  ., . F 



SUMMARY - BULK IVASHING DATA (Cont .) 

~ , , l k  sample Adit 21 / Seam 7 Lab.No. 7882 

FROM FLOTATION CIRCUIT 

Flotation Cell: two (2) Birtley-Humboldt Multi-Wobble 
impellers in series. 

Reagent: 4:l = Kerosene: M.I.B.C. 

Thickening Cyclone: 20' - 8" cyclone Hayl-Patterson 

1. Thickening Cyclone Overflow (T.C.O. -325M) 21.8 ASH% 1 FSI 

2. Flotation Feed (Thickening Cyclone Underflow) 15.0 ASH% 71 FSi 

3. Concentrate 9.3 ASH% 81 FSI - 
4. Tailings 60.0ASHO 0 FSI 

60.0 - 15.0 - 
5 .  Yield Concentrate = - 9.3 

- 88 .8  

I 

Birtley Coal 
& Minerals Teqti~l? 
< ,,,l,~,,,,..,,. l . l . , . I . I I I . ' . '  ' 



HPD W ANALYSIS 

ADtu no1m A!= VW 

1.10 0.30 30.30 19.60 
4.39 29.06 18.80 

30,3 19.M 

SIZE RtLl W WLYSIS, air dried basis 

SIE FRACTION Wrr IW4 

3A" X 28N 80.20 33.40 
rn x loon 13.40 18.20 
10OH X 0 6.40 16.70 

FLOAT-SIN PSWYSIS, air dried basis: 314" X 28N 

S.G. FWIION 

FLOAT - 1.30 
1.30 - 1.35 
1.5 - 1040 
1.48 - 1.45 
1.45 - 1.50 
1.50 - 1.60 
1.60 - 1.70 
1.7b - 1.80 
1-80 - 1.90 
1.90 - SIM 

l I l Z  IIStE FSI 

FSI 

4-112 a& 
arb 
db 

Birtley Coal 
& Minerals Testing 
.,,,l,l,,,l..,. , . 1 " , . , . 1 , 11 , .  . .ll\llll 



LAe NO: 7880 
DATE: & ' M Y  12, 1984 

air  dried h i s :  28H X lOOH 

STa 1 75.90 8.48 8 - i n  75.90 8.40 
STAGE 2 9.40 18.70 5 85.30 9 . 3  
T W H G S  14.70 57.71 112 100.00 16.62 

Birtley Coal 
& Minerals Testing 
.,,, \ ,1,,, l,.I..,t,",l,ll,lll-. i l i  



CLIENT: FWIM: M k  u K I ~  
F'RMCT: W I T  21 Sffin 7 BUM S A t W  (BIN t82071 

RAW CWC CKUyRD TO -4" 
Lk2 NO: 788017881 
DATE: M A k Y  12, 1981 

SIZE REe, Wl WWLYSIS, air dried basis  

SIZE FWICII UZ AW F S I  

HlY t 4" = 2.4 - CREED TO PASS 4" - 

SIZE A10 RAH W L Y S I S ,  zir dried basis 

Sm WTION Ill2 kW FSI 

4 318" 30.50 47.10 1-112 
W X 28n 48.60 26.90 I 
28n x loon 13.30 16.10 7-ILZ 
loon x o 7.60 17.40 6-112 

X ATlKmW E S T  BY AUSTRALIAN TWELER WETHM) - 
8 X 50KG R A T E S  OF 4" X 0 RAM COK EAM 
TWlEtI @2'J Wtl FFOR 250 S E C W S  WITH 
18 - 2 M. STEEL UJEES 6 150 L H20. 

Birtley Coal 
& Minerals Testing 



LIEHI: FORDIM; CWL LIHITED 
W C T :  ADIT 21 SEAn 7 B W :  S M E  (EXti WZO77) 

MU C M  WW) TO -4" 
W: ND: 7881 - ARM ATTRITION 
WE: J A W Y  121 1984 

R@h-SIM RNELYSIS, air  dried basis: t 310" 

FLOAT - 1.30 
1.30 - 1.35 
1.35 - 1.40 
1.40 - 1045 
1.45 - 1.50 
1.50 - 1.60 
1.60 - la70 
1.70 - 1.80 
1.80 - 1.90 
1.90 - SMK 

FSI  

8-112 
3 
2 

1-112 
1-ln 

1 
1 
1 
1 
0 

FLOAT-SW, MICLYSIS, air dried b s i s :  318" X 2ffl 

Birtley Coal 
& Minerals Testing 
.:i,i ,~,.,\,,,, * ,I,l,. ?~ ,,,,.,... ",,,,,,, 



RWT-SRB: ANALYSIS, air  dried b a i s :  28H X lOOn 

m ASHL FSI  

mOTH FLOTATION TEST: air d i e d  basis: 18OH X I 

STAGE 1 52.50 8/30 7 
STAGE 2 8.20 16.80 H i 2  
T A R I M S  39.30 29.70 3-li2 

Birtley Coal 
& Minerals Testing 



I PEKCM P E I M I  PEMTNT OF FEED CPLC!JJTED PMIITIW 
S.G. FWTIOH. m w  m w  w m w  L R I D E K ~ ~  mu nw S.G. CMF~CIEK~ 



r 

- I 

CLIENT: FORDING COAL LIMITED - L A B  ~6 7882 
SAMPLE: OSM Cyclone Producfs- ADlT 21/SEAM 7 DATE:.NOv 83 

PARTITION CURVE 

1.'20 1.30 ' . 140 1.50 1.60 . 1.70 1.80 1.90 

SPECIFIC GRAVITY . . .. 



- " .  - . ,.. - 
f 

CLIENT: FORDING COAL LIMITED L A B  NO. 7882 
SAMPLE:WO. Cyclone Products-ADIT 21/SEAM7 DATE: NOV. 83 

PARTITION CURVE 

k35 1.45 1.55 1.65 1.75 1.85 1.95 
1 

SPECIFIC GRAVITY . . 
. . . . 

, 
I 
I 
i 

'-cl---- c___.c___.- . --v - ,  "--% .,.. . , - . m, 



- 3/4" r 0 Row Cool 

100 % WI. 

3 2 . 2  % Psh 

@ BIRTLEY COAL & MINERALS TESTING 
i t  PLANT BALANCE FLOW SHEET Date 

FORDING COAL LLMITED DECEMBER 1983 

ADIT 22/SE:W 9 Bulk Sample Orawn 



SUMMARY - BULK WASHING DATA ' 

Bulk Sample ADIT 22/ SFI\M g Lab.No. 7885 

Date Received November 21, 1983 Date Washed November 28, 1983 

a) RAW COAL 

Del ive red  Weight 3.414 W Washed Weight 2.532 MT 

ADM% 5.0  ASH% 32.2 FSI 4 

b) HEAVY MEDIA CIRCUIT: 3/4" x 28 Mesh = 77.6 % by we igh t  

S.G. of Medium 1.30 C a l c u l a t e d  Y i e l d  = 48.8% 

F.S.I .  

LEAN COAL 

61.2 

c)  WATER-ONLY CYCLONE CIRCUIT: 28M x 0 = 22.4 % b y  we igh t  

V.F.C. #I. = 2.5 cm t 2 a c m  C a l c u l a t e d  Y i e l d  = 84.6 % 

SAMPLE F.S. I .  

FEED I 20.3 8 

OVERFLOW 13 .1  8 

UNDERFLOW 59.8 1 

S.B.O. 10 .7  8 

S.B.U. 17.2 7 

d) FROTH FLOTATION CIRCUIT: 65M x 0 = 6.8 - % b y  we igh t  

4:1 = Kerosene: M.I.BC. C a l c u l a t e d  Y i e l d  = 86.0 % 

CCNCENTRATE 

61.1  

e) FILTERCAKE: S.B.O. +CONCENTRATE= 9 .9  ASH% 8 FSI -- 

A l l  we igh t s  and a n a l y s i s  a r e  on an A i r  Dr ied  B a s i s  
u n l e s s  o the rwise  i n d i c a t e d .  

Birtley Coal 
& Minerals Testin 
.,,,1,\ ,,,.,,, I.*,,,X,.lllllll"III.I"~I~ , l .  



SUMMARY - BULK WASHING DATA ( C o n t . )  

CLEAN COAL: H.M.C.C.  + FILTER CAKE Calculated Yie ld  5 4 . 7  'i 

ADM PROXIMATE - S% CAL/(3.( F S I  HGI S . G .  
RM% I ASH% 1 vm FC% 

8.1 0.7 9.0 22.8 67.8 0.54 7789 74 86 1.33 
* 

DILATATION TEST 

ST('C) ' MDT('C) K% MD% G 

389 464 24 28 1.007 

GIESELER FLUIDITY TEST 

I DDPM I TEMP(OC) 

START 
I I 

1 436 

M4XIhRR.I 69 

FINAL 0 504 

I RAN IX 

Birtlev Coal 



SUEWRY - BULK WASHING DATA (C0nt . I  

Bulk Sample A d i t  22 / Seam 9 
' 

~ a b . ~ o .  ,885 

CLEAN COAL INVENTORY 

SHIPPED IN STOCK 
DATE 

BBLS M.T. BBLS M.T. 

November 29, 1983 -- -- 9 1 3'27 

December 2 2 :  1983 3 0.464 6 0 Q78 

Birtley Coal 
& Minerals Testing 

.,,,, ",.,Xi.,~i,ll \ I I 1 " , 1 . 1 1 1  



HEAVY MEDIUM CIRCUlT 

CYCLONE: 14" DSM operating @ 5 2  KPa 

MAOJETITE MEDIUM maintained @ 1 . 3 0  S . G .  

I .  FEED (3/4" x 28 Mesh) 1 .965 M.T.-uASH% 31 FSI 
. . 

2 .  CLEAN COAL 0:967 M.T. 8 . 7  ASHI 7 FSI 

3. REJECT . 0 .998  M.T. 6 1 . 2 -  ASH% 1 FS I 

- - 0 .967  - =  
4 .  YIELD CLEAN COAL [Weighted) 1 .965  49 .2  % 

6 1 . 2  - 3 5 . 6  , 48,8 5 .  YIELD CLEAN COAL (Calculated) = 6 1 . 2  - 8 . 7  % 



SUMMARY - BULK WASHING DATA (Cont .] 

Bulk Sample Adit 22 / Seam 9 Lab.No. 7885 

WATER - ONLY CYCLONE CIRCUIT 

Primary Cyclone: 6" DSM operat ing @ 138 KPa 

Vortex Finder Clearance s e t  @ 2.5 cm 

Secondary Cyclone: 4" DSM operat ing @ 35 KPa 

Vortex Finder Clearance s e t  @ 5.0 cm 

Sieve Bend: 65 Mesh 

1. Feed (28 Mesh x 0) 20.3 ASH% - 8 F.S.I. 

2. Primary Cyclone Overflow 13.1 ASH% - 8 F.S.I. 

3. Secondary Cycione Underflow 59.8 ASH% .- 1 F.S.I. 

4 .  Sieve Bend Overflow [S.B.O.) 10.7 ASH% 8 F.S.I. 

5. Sieve Bend Underflow (S.B.U.) 17.2 ASH% 7 F.S.I.  

59.8 - 20.3 - 
6. Yield (W.0. Cyclone) = 59.8 - 13.1 - - 84.6 % 

7. W t %  28M x 65M i n  Primary Cyclone Overflow = - 64.1 % 

8. Estimated Yield of  28M x 65M 
(S.B.O.. a s  % of 28M x 0 Feed) = 54.2 % 

Birtley Coal 
& Minerals Testing 
<,,,,,.,,.,,, ,.%, 1 , "  ,~ ,_ , , , ,  ,..:,, i . i l . , l l l  



S V b M R Y  - BULK WASHING DATA (Conr.) 

~ u l k  Sample Adit 22 / Seam 9 Lab.No. 7885 

Flotation Cell:  two (2) Birtley-Hmboldt Multi-Wobble 
impellers i n  s e r i e s .  

Reagent: 4 : l  = Kerosene: M.I.B.C. 

. -- 
3. Concentrate R.9 ASH% S f  FSI -- 

61.1 ASH% 1 FSI 

. 86.0 % 

i 

& Minerals Testing 
<,,,\,\,,,~,~,,", \ , * , ~  ,,,,,, , ..,,, ~ , " , ,  ,,,, 



WD RAW ANALYSIS 

ADlu ib3ISTI A W W 

5.00 0.30 ' 32.20 18$60 
5.29 30.59 17#67 

32.30 18.M 

SIZE AM) HAH RNkYSIS, air dried &is 

F.C.Z 

48.90 
46.46 
49.05 

FSI 

3-1R 
8 

7-1R 

01 
CWN HGI FSI 

5685 78 4 
5401 
5702 

FLOAT - 1.30 
1.30 - 1.35 
1.35 - 1.40 
1.40 - 1.45 
1.45 - 1.50 
1.50 - 1.60 
1.60 - 1.70 
1.70 - 1.80 
1.80 - 1.90 
1.90 - SIN: 

! 
Birtley Coal 
& Minerals Testing ! 
.,,,>,\ ,,,.,,,,. ",.,",\,.,,C,,",,,,,.,,\,f~. 
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RWT-SIN ANRLYSIS, air  dried basis: 2811 X lOOn 

S.G. FMCTITION l(lZ AW FSI  

R W T  - 1.30 
1.30 - 1 3  
1.35 - 1.40 
1.40 - 1.45 
1.45 - 1.50 
1.50 - 1.60 
1.60 - 1.70 
1.70 - 1.80 
1.80 - 1.90 
1.90 - SMK 

CUEHI: FITDING COAL LItUTED 
KMCT: ADIT 22 stxn 9 BW SAW (em INQOZ) 

KAH COAL CL%.U;HED TO - 3 w  
UB NO: 7883 
DATE: L W M Y  12, 1904 

Birtley Coal 
& Minerals Testing 
.,,,,, ~ , , , ~  ,,,, ",\,*,, .,,,, .,,~ ,,, , , , ,  
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SIZE RW MH AWYSIS, ;air dried basis 

SIZE FRXTION WTX ASHZ FSI  

'1" X 3A" 36.70 '11.30 i-ln 
3/8" X 284 41.70 28.80 'SllZ 
%ti X 1OOW 11.50 16.30 8 
10W' X 0 5.18 15.71 8 

EJZE AM) WIW PSWLYSIS, air dried basis 

S m  FRACTION YIX M F S I  



CLIfNT: FDmlING CW LymLD 
~hm: ADIT 22 sun 9  ILK SAW t 8 m  

KRU W W E D  TO -4" 
W NO: 7884 -AFIEK ATTKmW 
DATE: M Y  12, 1984 

FLOAT-Sm ANkYSIS, air dried basis: t 318. 

S.G. FI(RClIffl )(TI MU FSI 

FLOM - 1.30 2.50 2.79 9 
1.30 - 1.35 15.60 5.70 C1R 
1.35 - 1.40 10.00 10.20 2 
1.40 - 1.45 6.80 16.00 2 
1.6 - 1.50 5.40 21+00 1-112 
1.50 - 1.60 8.60 28.20 1 
lAO - 1.70 3.80 37.60 1 
1.70 - 1.80 3.40 46.30 1 
1.80 ; 1.90 2.70 %20 1 
1.90 - SIM 41.20 84490 0 

ROAT-SIM W Y S I S ,  air dried basis: 3/8" X 2% 

S.G. FRPI:lIW m m FSI 

R W T  - 1.30 26.51 1.90 9 
1.30 - 1.35 18.20 6.70 6 
1.35 - 1.40 10020 10.60 2-112 
1.40 - 1*4S 3.80 16.60 2 
1.45 - 1.50 , 4.80 19.20 2 
1.50 - 1.60 L70 27AO 1-112 
1.60 - 1.70 4.50 36.70 l-1R 
1.70 - 1.80 2.40 45.60 1 
1.80 - 1.90 1 .80 52.90 1 
1.90 - SINK 22.10 79.30 0 

Birtley Coal 
& Minerals Testing 
.,,, >,\,, ,.,,,,, ",.,~,\,\!,,,,.,,,~~"##.#,,, 
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ROAT-SIM: AlNYSIS, air d r i d  basis: 28n X lOON 

S.G. FRPC~ON m l r 5 ) 1 ~  FSI 

FMlTH FLOTRTICW TEST, air d r i d  h i s :  lOOn X 0 

STAGE 2 10.20 13.90 5-112 
TARIHGS 33.40 33.40 2-1lZ 

IXIEM: FOKQING CDPL LIiUTED 
PfiMCT: +WIT 22 S W I  9 EUX S A M E  WN 48202) 

RM CML C S ~ ~  TO -4" 
LAE W: 7884 M E R  A l I U T I o N  
DATE: M Y  12, 1984 



I. W W  DATA - W W  nmIW C Y N o M  PKaxx:Ts for E.P.n, 

11. W I L I T Y  DATA - HATER-UttY C Y C L O M  FHDWCTS for <P.M. 





CLIENT :FORDING COAL LIMITED L A B  NO. 7885 
SAMPLE:MO. Cyclone Products- ADlT 2 2 / S E A M  9 DATE: NOV. 83 

PART ITION CURVE 

1.45 1.55 1.65 1.75 1.85 1.95 

SPECIFIC GRAVITY . i 
t 

"--..-- i 

- ,  ----- 







Table 2 - Physica l  tests and f u s i b i l i t y  of ash of component coa l s  

I d e n t i f i c a t i o n  

Laboratory number................ 
Description...................... 

Coal P u l v e r i z a t i o n  

Sieve a n a l y s i s  

Pass ing  Retained On 

T o t a l  pass ing  3.35mm X 

G r i n d a b i l i t y  

Hardgrove index ................. 
F u s i b i l i t y  of ash 

I n i t i a l  deformation temp ....... O C  

 of ten ing  temp. spher ica l . .  . . . . . 'C 
Softening temp. hemispherical. .  . 'C 
Flu id  temp ..................... O C  

2203-84 
Seam 7 
Adit  21 

2204-84 
Seam 9 
Adit 22 

2254-84 
Kilmarnock 
Seam 4 



Table 3 -  Thermal rheological Properties of component coals 

Identification 

Laboratory number................ 
Description....................... 

Linear Expansion 

3 833 kglm at 2% moisture ........ % 

Gieseler plasticity 

Start..........................OC 
Fusion temp ................... OC ................ Max fluid temp OC .............. Final fluid temp O G  ........... Solidification temp OC ................. Melting range OC ................ Max fluidity. ddlm 

...................... Torque g.in. 

Dilatation 

......... Ti - Softening teup O C  . Tii - )lax contraction temp.. OC 
Tiii - Max dilatation temp....'C 

Contraction..............% 
Dilatation .............. % 

Free swelling index 

F.S.I. .......................... 

2203-84 2204-84 2254-84 
Seam 7 Seam 9 Kilmarnock 
Adit 21 hdit 22 Seam 4 

16 
nil 



Table 4 . Petrographic i l y s i s  of component coals  

I d e n t i f i c a t i o n  ............... Laboratory number ..................... Description 

Distribution of v i t r i n i t e  types ............................ V-6 % 

Reactive components 
Total v i t r i n i t e  ................ % ... Reactive semi-fusinite (112) % ........................ Exinite % 

.......................... Total % 

Inert  components ...... Inert semi-fusinite (112) % 
Micrinite ...................... % ....................... Fusinite % ................. Mineral matter % 

.......................... Total % 

petrographic indices  
Mean ref lectance  ............... % 
Balance index ................... .................. Strength index 
S t a b i l i t y  index ................. 

2203-84 2204-84 2254-84 
Seam 7 Seam 9 Kilmarnock 
A d i t  21 A d i t  22 Seam 4 



Table 5 . Carbonization conditions 

................... Test identification number 1064 1065 
Date of test ................................. 17/01/84 18/01/84 ...................... Coke oven identification 12-71 12-71 
Description ................................... Adit 22 Adit 21 

Seam 9 Seam 7 

Charge Properties 

Proximate analysis (db) Ash ................. % 8.9 
Volatile matter .... % 22.3 
Fixed carbon ........ % 68.8 

Moisture in charge .......................... % 3.1 
Minus 3.35 m ............................... % 87.1 
Other ........................................ 

Carbonization conditions 

Net weight of charge (wet) .................. 
k$ 

277.5 ............. ASTM cone bulk density (wet) kg/m 778.6 
Calc . charge dry bulk density in oven ... kg/m3 817.0 

Carbonization Results 

Gross coking time (at Push) .............. h.dn 9:45 
Final centre temp ........................... 'C 1045 
Time to 900°C centre temp .............. h:min 8:25 
Time to 950°C centre temp .............. h:min 8:43 
Time to 1000DC centre temp .............. h:min 9:06 
Maximum wall pressure ...................... kPa 5.31 
Coke yield actual ........................... % 77.9 

1073 
07/02/84 
12-71 

Kilmarnock 
Seam 



Table 6 . Coke p rope r t i e s  

.......... T e s t  i d e n t i f i c a t i o n  number 

Screen  a n a l y s i s  of coke 
(cum . % r e t a ined  on) 

100 mm s i e v e  ....................... % 
75 mn s i e v e  ....................... X ....................... 50 mm s i e v e  % 

37.5 w s i e v e  ...................... % 
25.0 mm s i e v e  ...................... % 
19.0 mn s i e v e  ...................... % 
12.5 um s i e v e  ...................... % 

............ T o t a l  .12.5 mm (b reeze )  % .................... Mean coke s i z e  mm 

Coke chemical a n a l y s i s  

Proximate a n a l y s i s  (db) ............................. Ash % ................. V o l a t i l e  m t t e r  % .................... Fixed carbon % ....................... Sulphur (db) X 

Coke apparent  s p e c i f i c  g r a v i t y  ...... 
ASTM coke tumbler t e s t  

S t a b i l i t y  f a c t o r  (cum . % + 25.0 mn) . 
Hardness f a c t o r  (cum . % + 6.3 mm) . 
J I S  coke tumbler t e s t  
(cum . % r e t a i n e d  on) 

30 revs. : 50  mn s i e v e  ............ % ............ 25 mm s i e v e  % ............ 15 mn s i e v e  % ............ 150 revs:  50 mm s i e v e  % ............ 25 mn s i e v e  X ............ 15 mm s i e v e  % 

* I n s u f f i c i e n t  Sample 





Fig .  1 - P l o t  of t h e  s t a b i l i t y  f a c t o r s  of  t h e  component c o a l s  from pet rographic  d a t a  
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