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P-4L'L W E I R  C O X P A S Y  

I n  Stage I ,  We 

from two p i n t s  of view 

i r c o   r e v i e w e d   t h e   d e t a i l e d   a n a l y t i c a l   d a t a  

8 ,  c o a l   q u a l i t y  and m i n i n g .  I n  the  case 

of  the m i n i n g  review,  t h i s  was l i m i t e d   t o  i t s  e f f e c t  on the   coa l  

c y a l i t y ,  i:e., how the   schedul ing   of   the   min ing   opera t ions   could  

a f f e c t   b o t h   s h o r t -  and long- t e rm  va r i ab i l i t y  i n  t 5 e   c o a l   q u a l i t y .  

I n t e r i m   d r a f t   r e p o r t s ,   d a t e d   J u n e  2 2 ,  1 9 7 9 ,  were  prepared  for 

review by 9.C.  Hydro. T h i s  f i n a l   r e p o r t   i n c l u d e s   r e v i s i o n s  made 

necessary by the  comments r ece ived   on   t he   d ra f t   r epor t .  

The ob jec t ive   o f   S t age  I1 was as   fo l lows:  

4 .  An assessment   o f   the   su i tab i l i ty   o f   the   Fue l  

Spec i f i ca t ion   fo r   des ign   o f  a la rge   s team 

genera tor  and i d e n t i f i c a t i o n   o f  any p o t e n t i a l  

problem  areas   in   design and o p e r a t i o n .  

The  work i n  Stage I1 r e s u l t e d  i n  proposed  modif icat ions 

o f   t he   Fue l   Spec i f i ca t ion   based  on the  work done i n  Stage I. 

The ob jec t ive   o f   S t age  I11 was as   fo l lows:  

5 .  Presen ta t ion   o f   t he   coa l  f u e l  c h a r a c t e r i s t i c s  

and  any  necessary  descr ipt ion i n  a form s u i t a b l e  

for  i n c l u s i o n  i n  a b o i l e r   s p e c i f i c a t i o n   f o r  

; r e l ease   t o   manufac tu re r s .  

2 .  
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PACL W E I R  COMPAKY 
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Based on t h e   d r a f t   r e p o r t   c o v e r i n g   S t a g e s  I1 and I11 

and on d i s c u s s i o n s   r e s u l t i n g  from t h e  comments receive*,   iu 'e i rco 's  

recommendations  are  included i n  t h i s ,  o u r   f i n a l   r e p o r t .  

The Weirco  report  has  been  broken down i n t o   t h r e e  

s e c t i o n s :   C o a l   Q u a l i t y ,  M i n i n g ,  and U t i l i z a t i o n  and S p e c i f i c a t i o n s .  

Much of   the  work repor ted   on  by Weirco  could  not have 

been  done i n  t h e   t i m e   a v a i l a b l e   w i t h o u t   t h e   e x c e l l e n t   c o o p e r a t l o n  

of B . C .  Hydro's  Messrs. D.  K .  Whish, J .  J. F i t z p a t r i c k ,  and t h e  

Min ing  Department s t a f f .   S p e c i f i c a l l y ,  one h a s   t o   c i t e   t h e  out- 

s tanding  manner i n  which t h e   c o r e s  and core  samples have  been s t o r e d  

and  catalogued for  easy   access .  It i s  q u i t e   u n u s u a l   t o  be a b l e   t o  

go back a f t e r  more than s i x  months  and be a b l e  t o  se l ec t   s amples  

on which   meaningfu l   ana lyses   and   tes t s   can   be  r u n ,  a s  was p o s s i b l e  

for t h i s  review. 

Respec t fu l ly   submi t ted ,  

PAUL WEIR COMPANY 

By : 
M a r t i a l  P. Corriveau 

By : ' . /...-., 
Alber t  F. Duzy 

- ". . -. . .  
'.,- ., ;'T +7 - - ,  , .  

- I  
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be d i v e r t e d   t o   n e a r b y   l i v e  and  dead s t o r a g e   p i l e s   t h a t   c a n   p r o v i d e  

more q u a l i t y   c o n t r o l .  I t  is a n t i c i p a t e d   t h a t  most  of  the  blended 

product   (normal   fuel)  w i l l  have a heating  value  ranging  between 

1 7 . 0  t o  1 9 . 0  MJ/Kg, dcb,  w i t h  an ash content  ranging  from 3 0 . 5  t o  

m 

- 3 6 . 5  percent ,   dcb .  D u r i n g  p e r i o d s   o f   a i r   s t a g n a t i o n ,  a Meteorolog- 

i c a l   C o n t r o l  System (?ICs) c o a l ,   c o n s i s t i n g   o f  a low SO2 t y p e   c o a l ,  

w i l l  be  burned. I 

.. 
It is a n t i c i p a t e d   t h a t  coal  b e n e f i c i a t i o n  w i l l  be   l imi ted  

1 to   Level  1 type p r e p a r a t i o n ,   i . e . ,   c r u s h i n g   t o  50  mm s i z e  w i t h  

use of Bradford (or e q u i v a l e n t )   t y p e   b r e a k e r s   t o  remove rock ,  

n p e t r i f i e d  wood, e t c .  To improve  resource  recovery,  some low-grade 

c o a l   ( h i g h   a s h   c o n t e n t )  may be upgraded by removal of h i g h  a sh  

f i n e s  by a dry   sc reening   process :   the   upgraded   coa l  w i l l  t h e n  be 
a 

b l e n d e d   i n t o   t h e   b e t t e r   q u a l i t y   p l a n t   c o a l .  

5 .  



111. COAL QUALITY 

B .  C .  E y d r o   r e q e s t e d   a n   a u d i t   o f   t h e   q x l i t y   d t t a  

c o l l e c t e d   d u r i n g   t h e   e x 2 l o r a t i o n   p r o g r a m s   f r o m   w h a t   t h e y   h a v e  

l e s i g n a t e d   a s  ?i t  No. 1 i n   t h e  E a t  CrePk  Area. Tke c o r e   a n a l y s i s  

d a t a   w e r e  so vo luminous   t ha t   dec i s ion  was male t o  c a r r y   o u t  

t h e   a u d i t   i n  ?bases, ;;laking use  of B. C.  Eydro ' s   com?uter   da ta  

b m k  . 

Since   fou r  ( 4 )  d i f f e r e n t   l a b o r a t o r i e s   w e r e   r e s 2 o n s i b l e  for  

the   bu lk   o f  tSe a n z l y s e s ,   a l b e i t   o v e r   d i f f e r e n t   2 e r i o d s  of time 

' a n d   g e n e r a l l y  on d i f f e r e n t   c o r e   s a m p l e s ,   K e i r c o   f e l t   t h a t  t h e  

f i r s t  phrse s h o u l d   b e   Z e v o t e d   i n   e v a l u a t i n g   t h e   i n t e r n a l  

c o n s i s t e n c y  of e a c h   l a b o r a t o r y ' s   r e s u l t s   a s   w e l l   a s  t h e  

r e p r o d u c i b i l i t y   ( c o m p a r i s o n   b e t w e e n   l a b o r a t a r i e s )  of t h e i r  

a v e r a g e s   f o r   t h e   v a r i o u s   q u a l i t y   c h a r a c t e r i s t i c s   a n a l y z e d .  A s  a 
I 

I r e s u l t  o f   t h i s   e v a l u a t i o n ,  Weirco f e l t   c o n f i d e n t  i n  e x c l u d i n g   t h e  
. .  

r e s u l t s  from one of t h e  p a r t i c i p a t i n g   l a b o r a t o r i e s  i n  t h e   l a t e r  

phases of its e v a l u a t i o n .  A s t u d y   " I n t e r   a n d   I n t r a   L a b o r a t o r y  

3 e p r o d u c i b i l i t y ,  1976, Sat   Creek  Coal   Analyses"   performed  for  

9. C.  Sydro  by Dolmage Ganpbel l  h A s s o c i a t e s ,   i n d i c a t e d  a s i m i l a r  

I 

I 

I c o n c l u s i o n   f o r   t h e   p r e - 1 9 7 6   r e l i a b i l i t y   f o r   t h e  same l a b o r a t o r y .  

6. 
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' A c t u a l l y ,  'it was K e i r c o ' s   i n t e n t i o n  to o n l y  eXClU2e t h e  

r e s u l t s   o f   t h e   p r o x i m a t e   a n a l y s i s  and c a l o r i f i c   v a l u e  

(S i sS   Eea t   Va lue  = E-) d e t e r m i n a t i o n s .  Due t o  t h e  t ime 

a v a i l a b l e   f o r   c o m s l e t i n g   X e i r c o ' s   e s s i g n m e n t   a n d   t h a t   r e q u i r e d  

for   reprogrrmning   the   computer ,  i t  was e a s i e r   f o r  E. C. EIydro 

to exc lude  _. c l l  a n d y s i s   r e s u l t s   r e p o r t e d  by t h e   d e s i g n a t e d  

l a b o r a t o r y .   W e i r c o   d o e s  not  b e l i e v e   t h a t  t h i s  e x c l u s i o n  

s i g n i f i c a n t l y   a f f e c t s  i ts o v e r a l l   c o n c l u s i o n s .   I n  d i s t r i b u t i n s  

t h e  c o r e   s z n p l e s  t o  t h e   v a r i o u s   l a b o r a t o r i e s   f o r   a n a l y s i s ,  

B .  C.  Hydro was c a r e f u l   t o  make ' s u r e   t h a t   t h e s e   w e r e   n o t  

c o n c e n t r a t e d   i n   a n y   o n e  zone or  s e c t i o n   o f   t h e   p r o p o s e d   m i n i n g  

a r e a ,   a l t h o u g h  not  a l l   I a b r a t o r i e s   p a r t i c i p a t e d   t o  t h e  same 

e x t e n t .  The excluded  laboratory 's   invo1vemen. t  wcs m i n i n a l .  

Phase 1 - X e l i a b i l i t v   o f   L a b o r a t o r v   R e s u l t s  
\.I 

II 
Weirco r e q u e s t e d   t h a t   c o m p u t a r   p r i n t o u t s   f o r  all 

a n a l y t i c a l   r e s u l t s   b e   p r e p a r e d  by  subzones for each  of LIe  four ( 4 )  - p a r t i c i p a t i n g   l a b o r a t o r i e s ,  B .  C .  Hydro ( s i t e )  , Commercial 

. T e s t i n g  & Enginee r ing  Com9any (Vancouver, B. C. and o t h e r s ) ,  
I 

Genera l   Tes t ing   Labora tor ies   (Vancouver ,  B. C . )  and  Loring 

Labora to ry  L t d .  (Ca lca ry ,  A l t a , ) .  This  was done .   Sumary  

t a b u l a t i o n s   w e r e   a l s o   ? r e p a r e d   s h o w i n g   t h e  man v a l u e ,   s t a n d a r d  
1 

m 

il 

rl 

7 .  
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P r u z  W E I R  COXPASY 

devia t ion   f rom  the  mean, maximum and minimum v a l u e s ,  number of 

samples ,   and   core   l engths   involved   for   each   of   the   charac te r i s t ic  

q u a l i t y   v a l u e s .  

For i t s  s t u d y ,  Weirco  prepared  the  fol lowing  Inter-  

Laboratory  Comparisor,  tables, Nos. 1 through 9 :  

(I) Moisture ,  % 

( 2 )  Ash, % (dcb = d r y   c o a l   b a s i s )  

( 3 )  s u l f u r ,  % (dcb)  

( 4 )  HHV (dcb) 

(5) HHV (“AF = moisture-ash-free)  

( 6 )  S i O z ,  % of Ash 

( 7 )  A 1 2 0 3 ,  % of  Ash 

(8) Fe203, % of Ash 

( 9 )  Na20, % of A s h  (Standard  Method) 

Othe r   t abu la t ions  c o u l d  have  been  prepared, b u t  t h e s e   a r e   b e l i e v e d  

t o  be t h e  more i m p o r t a n t   c h a r a c t e r i s t i c   v a l u e s   f o r   c o m p a r i s o n s .  

A s  can  be  observed  by  examinat ion  of   the  respect ive  data ,   the  mean 

and   s tandard   devia t ion  (s) a r e   l i s t e d  for  each  of  the  subzones  under 

each of t he   l abo ra to ry   head ings .  ( I n  the   mois ture   compar ison   tab les ,  

a s e p a r a t e  column  shows t h e  mean Equi l ibr ium  Moisture   values   reported 

by CT&E.)  Weirco  has   a lso  calculated  the  zone  and  overal l  ( O / A )  a r ea  

8. 



mean and 5 v a l u e s .  The b o t t o m   l i n e   r a n k s   t h e   l a b o r a t o r y  O/A r e s u l t s  

from  low t o  high.   These  rankings and t h e   o b s e r v e d   d i f f e r e n c e s  

were  employed a s   t h e   c r i t e r i a  fo r  e x c l u d i n g   t h e   i n d i c a t e d   l a b o r -  

a t o r y ' s   r e s u l t s  i n  the   succeeding   s tages .  

I t  s h o u l d  be g i n t e d   o u t   a t  t h i s  p o i n t   t h a t  t h e  

h i g h   v a r i a n c e s  (s ) i n  t h e  o b s e r v e d   d a t a   r e s u l t e d   t o  a l a r g e  

e x t e n t   f r o m  t h e  f a c t   t h a t   o n l y   h a l f - s p l i t s   o f   t h e   c o r e s  .were 

anclyzed.   Holes   cored  through  incl ined  beds  of   varying 

d i p s  w i l l  i n t e r s e c t   d i f f e r e n t  masses of m a t e r i a l   f o r   t h e  same 

t r u e   c o a l   t h i c k n e s s e s   r e p r e s e n t e d .  T h i s  r e s u l t s  i n  unequal 

r e p r e s e n t a t i o n  of t h e   c o a l   f o r m i n g   m a t e r i l l s   a n d   t h e i r  

: e s p e c t i v e   c h c r a c t e r i s t i c   q u a l i t y   v a l u e s  i n  t h e  whole c o r e  

s a m p l e s   c o l l e c t e d .   T h e s e   i n e q u a l i t i e s  w i l l  be made e v i d e n t  

when t h e   a n a l y t i c a l   r e s u l t s   f r o m  t h e  ind iv idua l   co re   s amples  

a r e   c o m b i n e d   t o   c a l c u l a t e   t h e  mean and v a r i a n c e   o f  t h e  c o a l  

from t h e  a rea   szmpled .  From W e i r c o ' s   l i m i t e d   o b s e r v a t i o n s  

i n  t h e   f i e l d ,  t h e  K a t   C r e e k   c o r e s   e x h i b i t e d   g r e a t   v a r i a b i l i t y  

b o t h   v e r t i c a l l y  and l a t e r a l l y ,   n o t   o n l y  w i t h i n  the  zones  but  

w i t h i n  t h e  c o r e s   t h e m s e l v e s .   V a r i a b i l i t y  was l e a s t  i n  t he  

"D" Zone c o r e s .  

2 

B .  C .  Hydro  sawed t h e   c o r e s  i n  h a l f   t o   p r e p a r e   v e r t i c a l  

h a l f - s p l i t s   f o r   a n a l y s i s .   T h i s   i n t r o d u c e s   a n o t h e r   e l e m e n t  of 

v z r i a b i l i t y  i n  t h e   r e s u l t s .  The coa l   fo rming   ma te r i a l s   were  



% a s e  2 - Regress ion   S tud ie s  

d e p o s i t e d  i n  a somewhat  random  manner, w h i c h  was a f f e c t e d  by 

t h e   v a r i o u s   p r o c e s s e s   r e s u l t i n g  i n  t h e   d e p o s i t   a s  i t  is found 

today .   The re fo re ,   un le s s   who le   co res   a r e   ana lyzed ,   va r i ab i l i t y  

d e p e n d e n t   o n   t h e   o r i e n t a t i o n  o f  c u t  m u s t  be cons ide red .  ?or 

example,   the   halves   of   cores   sawed  a long  what  had  been  the 

eas t -wes t   a l i gnmen t   o f   t he  raw c o a l  i n  the  ground w i l l  be o f  

s i g n i f i c a n t l y   d i f f e r e n t   q u a l i t y   t h a n   i f   L i e   c o r e s   h a d   b e e n  

sawed i n  the  former  north-south  a l ignment .  T h u s ,  one  shDuld 

e x p e c t   t h a t   t h e   v a r i a n c e s   o f   h a l f - s p l i t s  would  be g r e a t e r   t h e n  

o b t a i n s   f o r   w h o l e   c o r e s .  

I n   t h e   p r e p a r a t i o n  of t h e  t ab le s   fo r   Phase  1, the  

o p p o r t u n i t y  was t a k e n   t o   c h e c k   a p p a r e n t l y   e r r a t i c   r e s u l t s   i n  

t h e   f o l l o w i n g   d e t e r m i n a t i o n s  : e q u i l i b r i u m   z o i s t u r e ,   v o l a t i l e  

ma t t e r ,   c a rbon   d iox ide -  ( C 0 2 ) ,  HHV (KJ/Kg.),  Eardgrove 

G r i n d a b i l i t y   I n d e x  (HGI), and  sodium o x i d e  (Na20) ,  bth t h e  

wa te r - so lub le  Na20 i n  t h e   c o a l  and t h a t   a s  a pe rcen tage  of the   ash .  

Also, an  apparent   anomaly i n  t h e  number of samples for  each  of 

the   po in t s   measu red  i n  t h e   F u s i b i l i t y   o f  Ash d e t e t m i n a t i o n s  was 

i n v e s t i g a t e d .   T h e r e  were more r e s u l t s   t o   a v e r a g e   a t   t h e   l o w e r  

t e m p e r a t u r e s   t h a n   a t  t h e  h igher   t empera ture   po in ts .   There   should  

have  been  the same  number of v a l u e s   a v e r a g e d   a t   a l l   p o i n t s .  

1 0 .  
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I t  is  well-known t h a t   c o r r e l a t i o n s   c a n  be ob ta ined  

&tween  the   ash   conten t   and   the   vo la t i le   mat te r ,   be tween   the  

a sh   con ten t   and   t he  H 3 i  and,   for  t'ne wes tern   coa ls ,   be tween   the  

ash   conten t   and   the  C02 content.  Less  well-known is the 

r e l a t ionsh ip   be tween   a sh   con ten t   and   equ i l ib r ium  moi s tu re ,  and 

tha t   be tween  mois ture   and   ash   conten t  w i t h  t h e  HGI of   wes t e rn  

c o a l s .   F u r t h e r m o r e ,   i n   r e c e n t   y e a r s ,  Weirco has shown t h a t   t h e  

s t a n d a r d   a s h i n g   t e c h n i q u e   r e s u l t s  i n  the  loss of t h e  a l k a l i e s ,  

w i t h  t h e   r e s u l t ' t h a t  t h e  Na20 and K20 concent ra t ions   measured  

i n  t h e   c o a l   a s h  do n o t   a d e q u a t e l y   i n d i c a t e  t h e i r  cor responding  

c o n c e n t r a t i o n  i n  t h e   c o a l .  

Reqression  Analyses  

Consequent ly ,   a t   Weirco 's   recommendat ion,  B .  C.  Bydro 

proceeded to  run a  number of r e g r e s s i o n   a n a l y s e s ,   a f t e r   e x c l u d i n g  

the  obviously  anomalous  sample  Zata .  The r e p o r t e d   V o l a t i l e  

Ma t t e r   con ten t s   were   ad jus t ed   fo r  t h e  C02 c o n t e n t .  The  d a t a   f o r  

the  ash  vs .  HMT r eg res s ion   ana lyses   were   s eg rega ted   i n to  two 

c a t e g o r i e s ,  (1) t h e   a s h   c o n t e n t   e q u a l  t o  or l e s s   t h a n  (4) 60$, 

and (2) t h e   a s h   c o n t e n t   g r e a t e r   t h a n  (>) 609. Both t h e  BIIV-dcb 
1 

and HHl7-MA.F d a t a   w e r e   t e s t e d   s e p a r a t e l y   v e r s u s  the Ash c o n t e n t .  

11. 



T h e  fo l lowing  l i s t  t h e   c o r r e l a t i o n s   o b t a i n e d  by B. C.  FIydro: 

V o l a t i l e   M a t t e r  (COz ad j . ) ' % = 4 8 . 9 0  - 0 . 4 7 5 ' .  A s h ,  % 

COz,  % E 0.058 a A s h ,  % - 0 . 2 6 9  

Equ i l ib r ium  Mois tu re ,  % = 25.145 - 0.0617 Ash,  % 

As 2ece ived   Mois ture ,  % = 28.439 - 0 . 1 5 6 6  e Ash,  % 

Hardc rove   Gr indab i l i t y   Index  

Wei rco   ca l cu la t ed   t he   fo l lowing   exponen t i a l   ' cu rve  

e q u a t i o n  2s t h e   b e s t   f i t   f o r   t h e   d a t a   o b t a i n e d   o n   t e n  ( 1 0 )  

t i g h t l y   c o n t r o l l e d   d e t e r m i n a t i o n s   f o r   t h e  H G I  r eques t ed  by Weirco: 

HGI = 2 4 . 4 0  e 0.02  Ash, % 

The c o e f f i c i e n t   o f   d e t e r m i n a t i o n   f o r   t h e   c u r v e   e q u a t i o n  was 0 .90 .  

I t  s h o u l d   b e   p o i n t e d   o u t   h e r e   t h a t   d u e   t o   t h e   l i m i t e d   q u a n t i t y  of 

s a a p l e   m a t e r i a l   a v a i l a b l e ,   o n l y   o n e  H G I  d e t e r m i n a t i o n  was made 

a t  t h e  v a r i o u s   a s h   l e v e l s ,   t h e   m o i s t u r e   b e i n g   a d j u s t e d   a s   n e a r l y  

a s   p o s s i b l e  to a n   a r b i t r a r i l y   s e l e c t e d  10% l e v e l .  The 1 0 %  

misture l e v e l  is p r o j e c t e d   t o  be near  the  midpoin t   o f  t h e  range 

of m o i s t u r e   c o n t e n t s   o f  t h e  c o a l   p a r t i c l e s  i n  t h e . p l a n t  

p u l v e r i z e r s .  

12. 



r e  w 'as  an n t  a3pare anomaly i n  

t h e   c a l c u l a t e d   a v e r a g e s   f o r   t h e   F u s i b i l i t y   o f  Ash d e t e r m i n a t i o n s  

r e p o r t e d  by B.  C. Hydro. I n  checking  i t  out ,   Weirco was informed 

t h a t  va lues  > lSOOo C were   no t   cons idered  i n  c a l c u l a t i n g  t h e  

o r i g i n a l  mean v a l u e s   f o r  t h e  a s h   f u s i b i l i t y .  (The exc luded   va lues  

were   sa id   to   compr ise   twice   t3e  number inc luded  i n  t h e   o r i g i n a l  

ave rag ing . )   S ince   t he re   were  more o f   t hese   i nde te rmrna te   va lues  

a s   t h e   t e s t   t e m 2 e r a t u r e s   i n c r e a s e ,  i t  should  n o t  s u r p r i s i n g   t h a t  

more d a t a   p o i n t s  would be a v a i l a b l e   a t   t h e   l o w e r   t e m p e r a t u r e s .  The 

r e s u l t  was t h a t  - a l l   c a l c u l a t e d  mean va lues   were   b iased   on   the  low s i d e  

Though it has  never   been  demonstrated  that  t h e  a r i t h i a e t i c  

or weighted mean o f   t h e   f u s i b i l i t y   ( f u s i o n )   t e m p e r a t u r e s   a r e  

meaningfu l ,   assuming  tha t   they   could  be ave raged ,   t he   ques t ion  

a r i s e s   a s   t o  how t o   h a n d l e   v a l u e s  beyond t h e   h i g h e s t   t e m p e r a t u r e  

i n d i c a t e d   o r   o b s e r v a b l e  by the   pyrometers   used   in  t h e  d e t e r m i n a t i o n .  

For   the  pyrometers   used,  t h i s  h i g h e s t   t e m p e r a t u r e  was 1500° C, 

and  any  temperature m i n t  no t   r eached  was l i s t e d   a s  +1500° C. 

I t  is known t h a t   t h e  F u s i o n  temperatures,   namely,  

I D  - i n i t i a l  de fo rma t ion   t empera tu re ,  ST - s o f t e n i n g   t e m p e r a t u r e  

(where H = kW), HT - hemispher ica l   t empera ture   (where  H = W), 

and FT - f luid  temperature ,   have  been  found t o  be f u n c t i o n s   o f  t h e  

concentrations of t h e  mineral c o n s t i t u e n t s  of t h e  c o a l   a s h .  



These   func t ions   have   been   used   to   p red ic t   the   fus ion   tempera tures  

o f   c o a l   m i x t u r e s .  Eow a c c u r a t e   a r e   t h e s e   p r e d i c t i o n s  is s u b j e c t  

t o   c o n f l i c t i n g   o p i n i o n s .  

Weirco   sugges ted   as  a f i r s t   a p p r o x i m a t i o n   t h a t   v a l u e s  

f o r   t e s t s  i n  which a l l   f o u r  ( 4 )  p o i n t s   ( f o r   b o t h   r e d u c i n g  and 

o x i d i z i n g   a t m o s p h e r e s )   w e r e   a c t u a l l y   m e a s u r e d   a t   l e s s   t h a n  ( < )  l5OO0 C 

be u s e d   t o   c a l c u l a t e   t h e  mean of t h e   d i f f e r e n c e s   f o r  (ST - I D ) ,  

(ET - S T ) ,  and (FT - H T ) .  Then t h e s e  mean d i f f e r e n c e s   w e f e   a p p l i e d  

(added)   to   each  of t h e   r e p o r t e d  +1500° C f u s i b i l i t y   v a l u e s  from 

d e t e r m i n a t i o n s  i n  wh ich   l e s s   t han   fou r  ( 4 )  po in t s   were   i nd ica t ed   a s  

havins  been  measured. When t h i s  was completed,  new mean values  were 

r e c a l c u l a t e d  for each  zone.  

Weirco w i s h e s  to  emphas ize   he re   t ha t   t hese  new a d j u s t e d  mean 

v a l u e s   l i s t e d  i n  Table  No. 11 a r e  t h e  bes t  a v a i l a b l e ,  i n  view  of t h e  

r a t h e r   i m p r e c i s e   n a t u r e   o f   F u s i b i l i t y   d e t e r m i n a t i o n s .  Though t h e  t a b l e  

i n d i c a t e s   e x c l u s i o n  or t h e   d a t a  from subzones  A 6  ana C1, Weirco feels 

t h a t  t he  v a l i d i t y   o f  t he  c a l c u l a t e d   r a n g e s  is  no t  a f f e c t e d .  The h igh  

a sh   va lues   exc luded  a l l  t e n d   t o   h a v e   f u s i b i l i t y   v a l u e s   g r e a t e r   t h a n  

1500° C. Weirco f e e l s   t h a t   t h e  method  recommended f o r   a d j u s t i n g   t 9 e  

mean.values  and c a l c u l a t i n g   t h e   r e s p e c t i v e   v a r i a n c e s   ( s t a n d a r d  

d e v i a t i o n s   s q u a r e d )  more p r e c i s e l y   d e f i n e s '  t h e  r anges ,   a s  the  i n f l u e n c e  

of   " rogue"   va lues  on the  lower end   of   the   range  is minimized. 

14. 



Weirco   therefore  recommends the   use   o f   the   range   def ined  

by t'<o t i n e s   t h e   s t a n d a r d   d e v i a t l o n s  (2s) from  the means - t he  9 5 %  

c o n f i d e n c e   l e v e l  - a s  a b e t t e r   i n d i c a t i o n   t h a n   t h e  mean va lue   a s  

t o  w h e r e   t h e   c o r r e c t   v a l u e s   m i g h t   l i e .  

i 

m 
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S o d i u n  Oxide  (Na20) 

Weirco, i n  p rev ious  work on wes te rn   coa l s ,   has  

d iscovered  a p o t e n t i a l  loss of a l k a l i   c o n t e n t   d u r i n g  t h e  s t anda rd  

ashing  procedure.  A s  a r e s u l t ,  t h e  NaZO and K20 percentages of 

t h e  a s h  were f e l t   t o  be too low.  Consequently,  adding the 

c o n s t i t u e n t   p e r c e n t a g e s   f o r   t h e   m i n e r a l   a n a l y s i s   o f   a s h ,   o n e  

g e n e r a l l y   f i n d s   t h a t   t h e  sum is  l e s s   t h a n  1 0 0 % .  The loss o f  

a l k a l i   c o n t e n t   h a s  been  found to b e   r e l a t e d  t o  the  water-soluble  

a l k a l i   c o n t e n t   o f   t h e  coal ,  w h i c h   a p p a r e n t l y   v o l a t i l i z e s   d u r i n g  

ashing  and is n o t   r e c o v e r e d   f o r   a n a l y s i s .  

A number of  samples from each  subzone were analyzed 

f o r   t h e  a lka l i e s  by t w o  methods,   the  standard  and a modified 

method  developed  by Weirco i n   c o n j u n c t i o n   w i t h  CT&E. 

E s s e n t i a l l y ,   t h e   c h i e f   d i f f e r e n c e   i n  t h e  modified method is 

t h a t  t h e  de t e rmina t ion  for a l k a l i  i n  . t h e  coal a s h  is c a r r i e d  

o u t  on t h e  same sample  analyzed for t he   wa te r - so lub le   a lka l i .  

The a l g e b r a i c  sum of the  two v a l u e s   t h e n   c o n s t i t u t e s   t h e  

t o t a l   a l k a l i   i n   t h e  mineral a n a l y s i s .  The new sum obtained  by 

adding  the ash c o n s t i t u t e s   c a n  now be 1 0 0  2 O . 5 % ,  as one  should 

expec t .  

Table No. 1 0  summarizes  the 4 8  sets o f   da t a   ob ta ined  

i n   t e s t i n g   f o r  Na20  and K20 content .   Averages of Ash, %, 

Water-Soluble  Alkali ,   and % v o l a t i l i z e d ,  were c a l c u l a t e d   f o r  



" 
PACL N'EIR C O X P P A S Y  

each  subzone. T h e s e  averages,   for   each  subtone,  were used to  a d j u s t  

t h e  r e p r t e d   w a t e r - s o l u b l e  and a l k a l i  mean va lues .  On a n  o v e r a l l  

a v e r a g e   b a s i s ,  3 6 . 4 5  and 1 7 . 0 %  ot t h e  Na20  and K 2 0 ,  r e s p e c t i v e l y ,  was 

v o l a t i l i z e d  i n  the   s tandard   p rocedure .  Zone D samples  having t h e  

l o w e s t  ash c o n t e n t   a n d   b e i n g   l o w e s t   s t r a t i g r a p h i c a l l y   e x h r b i t e d   t h e  

l e a s t  loss .  

From Wei rco ' s   s tud ie s   on  a number of wes te rn   coa l s  of 

d i f f e r e n t   r a n k ,   t h e   i n d i c a t i o n s  a re  1) t ha t   t hough   gene ra l ly   h ighe r  

i n  Na20 content ,  t h e  deeper   the  coal is  s t r a t i g r a p h i c a l l y ,  t h e  sma l l e r  

is the   pe rcen tage  of t h e   t o t a l  NaZO v o l a t i l i z e d :   a n d  2 )  i t  would appear 

t h a t   t h e   v o l a t i l i z e d  Na2Q is a s s o c i a t e d   w i t h  t h e  coal --- p o s s i b l y  

as huna te s  --- with  t h e  r e s u l t   t h a t   w i t h   i n c r e a s i n g   a s h   c o n t e n t ,  

t h e   r e l a t i v e   p r o p o r t i o n  of t h e  Na20 i n  t h e   a s h   d e c r e a s e s .   V o l a t i l i z a t i o n ,  

a s s o c i a t e d  w i t h  w a t e r   s o l u b i l i t y ,   t e n d s  t o  be i n c r e a s i n g l y  more 

pronounced   in  coals nea re r  the  surface.  The c o r r e l a t i o n  between  ash 

con ten t   and  loss o f   a l k a l i  was used i n  making the   ad jus tments .  

Calor  i f  ic Con ten t  (HHV) 

F i n a l l y ,  w h i l e  s tudy ing  the summarized d a t a   f o r  t h e  

Phase 1 s t u d i e s - ,  Weirco became aware of the f a c t   t h a t  assumed 

v a l u e s  for  t h e   h i g h   h e a t   v a l u e  (HHV) had  been  used  on  samples 

which  had e i t h e r  n o t  been analyzed or for which  only  the  ash 

conten t   had   been   de te rmined .  A s t u d y  by  Dolmage-Campbell  and 



o t h e r s  had  Zeveloped a s e r i e s   o f   l i n e a r   r e g r e s s i o n   e q u a t i o n s  

from  which  the  assumed  values  were  calculated.   Unfortunately,  

no two o f   t hese   equa t ions   s eemed   t o  be i n   a g r e e n e n t .   K e i r c o  

f e l t   t h a t  t h e  l a c k  of agreement was due to   t he   a s sumpt ion   t ha t  

t h e r e  was  a s i m p l e   l i n e a r   c o r r e l a t i o n   b e t w e e n   a s h  and HHV from 

t h e  l o w e s t   t o   t h e   h i g h e s t   a s h   c o n t e n t .  

Though, i t  may be s t a t e d   t h a t   t h e r e  was l i t t l e .  

s i g n i f i c a n c e   i n   t h e   d i f f e r e n c e s   b e t w e e n   t h e   r e g r e s s i o n   e q u a t i o n s ,  

Weirco is bound t o  use t h e   b e s t   p o s s i b l e   i n f o r m a t i o n   o v e r   t h e  

w i d e s t  r a n g e   p o s s i b l e .  Even if t r u e ,   t h e   l a c k   o f   s i g n i f i c a n c e  i n  the  

d i f f e rences   be tween  t h e  r e g r e s s i o n   e q u a t i o n s   o n l y   h o l d s  

f o r   l i m i t e d   s e c t i o n s   o f   t h e   r e g r e s s i o n  l i n e ,  and is probably  

d i v e r g e n t  a t  the   ends .  

Weirco was of t h e  o p i n i o n   t h a t  t h e  c a r t o n   c o n t e n t  

c o n t r i b u t i n g   t o   t h e   h e a t   v a l u e s  was d i f f e r e n t  i n  the   h igh   ash  

m a t e r i a l  (>60% s s h )  from t h a t  i n  the low a s h   m a t e r i i l  and 

t h e r e f o r e   t h e r e   s h o u l d  be a t   l e a s t  two d i f f e r e n t   c o r r e l a t i o n s  

between Ash and HHV. Furthermore,  i t  was r e e s o n a b l e   t o  assume 

t h a t   l e s s   a p p a r e n t   h e a t  would be evolved  from  the  higher-ash 

ca r ton   because  of t h e   g r e a t e r   c o n c e n t r a t i o n   o f   c a t t o n a t e s  i n  

t h e   h i g h e r - a s h   f r a c t i o n s .  The breakdown  of  carbonates is 

accomplished by a b s o r p t i o n   o f   h e a t   r a t h e r   t h a n  its l i b e r a t i o n .  
1 
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S p e c i f i c a l l y ,   w i t h   t h e  known h i g h e r   c o n c e n t r a t i o n s  of C02 i n  

t h e  hiGh  ash samples, t h e   a s h   c o n t e n t  of these   szmples   t ends  

t o  b e   u n d e r s t a t e d ,   r e s u l t i n g   i n  t h e  c o n s e q u e n t   o v e r s t a t i n g  of 

t h e  3tu c o n t e n t .   S e g r e g a t i o n   o f   t h e   c o r e   a n a l y s i s   d a t a  &tween 

high  and low ash con ten t   p rov ided   an   oppor tun i ty  t o  t e s t  t h i s  

op in ion .  

I The c o r r e l a t i o n s  by B .  C.  I iydro  between  ash  content 

2nd HhV are  l i s t e d   a s  follow: 

Ash, $,60%: IiHV - MJ/Kg. (MAF) = 3 2 . 4 3 7  - 0 . 1 6 7  4 Ash, % (dcb)  

P ~ h r  % > 6 0 % :  HhV - MJ/Kg. (MAF) = 8 0 . 5 9 6  - 0 .E98 Ash, % (dcS) 

L 

MJ/Kg. = mega jou le s /k i log ram  ( ac tua l ly   ca l cu la t ions  

c a r r i e d  ou t  on   k i lo jou le s /k i log ram.  M J  

o b t a i n e d  by d i v i d i n g  K J  by 1 , 0 0 0 . )  

1 , 0 0 0  B t u  = 1.05506 MJ, and 

1,000 Btu/lb.  = 2 . 3 2 6  MJ/Kg. 

F i g u r e  1, immedia t e ly   fo l lowing ,   po r t r ays   t he   r e l a t ionsh ip  

between t h e  two l i n e a r   r e g r e s s i o n   e q u a t i o n s .  The d o t t e d   l i n e s  

i n d i c a t e   t h e   r a n g e  of corresponding  values   de-f ined  by +s (one (1) 

s t a n d a r d   d e v i a t i o n  of t h e  H H V ) .  They a l so  d e f i n e   t h e   o v e r l a p p i n g  

area caused b y   t h e   i n t e r s e c t i o n   o f   t h e  l i n e s .  I n t e r e s t i n g l y  

enough,   the  lowest p o i n t  of t h e   a r e a   o c c u r s   a t   j u s t   u n d e r  5 9 3  ash ,  
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which  would  seem t o   j u s t i f y   K e i r c o ' s   u s e   o f  6 0 %  ash   as   the   cu t -of f  

value  between h i g h  and  low ash .  Also of i n t e r e s t  i s  t h e   f a c t   t h a t  

t h i s  over lapping  area  encompasses   the  range of low HHV m a t e r i a l  

(between 7.0 and 9 . 3  MJ/Kg. (dcb))   which B .  C .  Hydro p l a n s   t o  

s t o c k p i l e .   P r e s e n t l y ,  B .  C .  Rydro is i n v e s t i g a t i n g   s p e c i a l  

handl ing and t r e a t m e n t   a l t e r n a t i v e s   f o r  t h i s  m a t e r i a l .  

Phase 3 - Zone  Nean Analyses 

Upon complet ion of t h e   p r e l i m i n a r y   s t u d i e s ,  B .  C .  Hydro 

was r eques t ed   t o   p repa re  summary analyses   for   each  of   the  subzones.  

Then based   on   t he   p ro j ec t ed   d i s t r ibu t ion   o f   t he   t ons  of c o a l   f o r  

each  subzone,   summaries   of   coal   qual i ty  by zones  were  calculated 

by Weirco.   Visual   examinat ion  of   the  cores  had confirmed  the 

impressions  developed  during t h e  p r e l i m i n a r y   s t u d i e s   t h a t   c e r t a i n  

of the  subzones,  namely, A6, C1 and,   to  a l e s s e r   e x t e n t ,  C2 were 

so d i r t y  t h a t   s e l e c t i v e  m i n i n g  should exc lude  t h e  coal from these  

subzones   f rom  cons ide ra t ion   a s   pa r t   o f   t he   spec i f i ca t ion  f u e l .  

Such e x c l u s i o n  would e n t a i l  some decrease  i n  t h e   c o a l   r e s e r v e s .  

These  summaries   segregated  the  resul ts  i n t o  two c a t e g o r i e s :  

1) where the  Ash,  % (dcb)  was e q u a l   t o  or l e s s   t h a n  (4)  60%, and 

2 )  where  the A s h ,  6 was g r e a t e r   t h a n  (>) 6 0 %  ash .  The former 

ca t egory   r ep resen ted   t he   qua l i t y   o f   t he   coa l   wh ich   Ne i r co   be l i eved  
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m could be mined s e l e c t i v e l y .  T h e  l a t t e r  ca? .egory   represents   the  

q u a l i t y   o f   e x c l u d a b l e   m a t e r i a l ,   i . e .   n a t e r l a l   i f   i n c l u d e d  i n  t he  

run-of-mine (R.O.M.) c o a l  would a d v e r s e l y   a f f e c t   ( d i l u t e )  i t s  q u a l i t y .  
m 

ili 

Meanwhile, B .  C. Hydro was r e d e s i g n i n g  its mining  plan 
ls w i t h  one  of i t s  o b j e c t l v e s   b e i n g  t o  i m p r o v e   t h e   u t i l i z a t i o n   o f  the 

r e source  by s e l e c t i v e   m i n i n g .  T h i s  would  involve  exclusion of a l l  

banas or p a r t i n g s  i n  e x c e s s   o f  2 meters  and  having a cu t -o f f   g rade  
II 

m &low 9.3  MJ/Kg. The  new p l a n   r e s u l t e d  i n  a r e v i s i o n   o f   t h e   c o d  

d i s t r l b u t i o n .   C o i n c i d e n t a l l y ,   t h e  new p l a n  was s a i d   t o   o f f e r   b e t t e r  

.I day- to -cay   con t ro l  of t h e  qua l i t y ,   t hough   w i th   accep tance  of a 

s l i g h t l y   l o w e r   g r a d e   q m l i t y   p r o d u c t .  T h i s  made i t  necessa ry  for 

Weirco t o   r e - e v a l u a t e   t h e   q u a l i t y  of t h e   S p e c i f i c a t i o n   F u e l .  
1 

I 

Table  No. 1 2  summar izes   by   zones   the   Charac te r i s t ic   coa l  

m q u a l i t y   v a l u e s   b e i n g   p r ' o j e c t e d .   f o r   t n e   S p e c i f i c a t i o n   F u e l .  

Essen t i a l ly ,   because   o f   u se  of t h e   c u t - o f f   g r a d e ,   t h e   c a l c u l a t e d  

a v e r a g e s   a r e   f o r   c o a l   h a v i n g   l e s s   t h z n  60% Ash content .   $@an 

and s t a n d a r d   d e v i a t i o n  (s) from  the mean v a l u e s   a r e   l i s t e d .  No 

d i l u t i o n   h a s   b e e n   i n c l u d e d   I n   t h e   c a l c u l a t i o n s .   B e c a u s e   o f   t h e  

.r 

- 
* d i f f i c u l t y  i n  i d e n t i f i c a t i o n ,   W e i r c o   f e e l s   t h a t   c a r b o n a c e o u s   s h a l e  

m i s i d e n t i f i e d  as c o a l   d u r i n g   t h e   d r i l l i n g   p r o g r a m  w o u l d  l rkewise   be  

m i s i d e n t i f i e d   d u r i n g   m i n i n g .   C o n s e q u e n t l y ,   t h e   a n a l y t i c a l   v a l u e s  

may be s a i d   t o  be a l r eady   d i lu t ed .   The re fo re ,   a s suming  good 

s u p e r v i s i o n   d u r i n g   m i n i n g  and s a t i s f a c t o r y   b l e n d i n g ,  no a d d i t i o n a l  

a. 

- 
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min ing   d i lu t ion   shou ld  be cons ide red  i n  s r o j e c t i n g   d e l i v e r a b l e  

c o a l   q u a l  i t y  . 

Table No. 13 shows t h e  we igh ted   compos i t e   ana lys i s   fo r  

t h e  P i t  No. 1 3.O.M. c o a l .  Columns 2 and 3 l i s t  t h e  mean and 

s t a n c ? a r d   d e v i a t i o n   v a l u e s   f o r   a l l  1 6  subzones.   Because  of  

i n s u f f i c i e n c y   o f   d a t a ,  it is n o t   p o s s i b l e   t o   ; , r e s e n t  " s "  v a l u e s  

for a l l   c h a r a c t e r i s t i c s .  As was d i s c u s s e d   e a r l i e r ,   r a n g e s   a r e  

l i s t e d   r a t h e r   t h a n  mean va lues   fo r   t he   fu s ion   t empera tu res .   Wei rco  

c a u t i o n s   t h a t  i n  a l l   c a s e s ,   t h e   t r u e   f u s i o n  mean v a l u e s  w i l l  

approach t h e  mzxi inum end  of   the  ranges.  

Columns 4 and 5 a re   p re sen ted   fo r   compar i son  w i t h  t h e  

co r re spond ing  Column 2 values .   Here,  i t  is seen   t ha t ,   f rom a 

c h e m i c a l   p o i n t  of v iew  there  may be l i t t l e   b e n e f i t   d e r i v a b l e  by 

e x c l u s i o n   o f   s u b z o n e s  A6, C l ,  and C2. As a group,   observed  

d i f f e r e n c e s   a r e   w e l l   w i t h i n   t h e   r i n g e s   d e f i n e d  by 2s ( t h e  9 5 %  

c o n f i d e n c e   l e v e l ) .  However,  Weirco f e e l s   q u i t e   s t r o n g l y   t h a t  

from a p h y s i c a l   p r o p e r t i e s   p o i n t   o f   v i e w ,   p r o b l e m s   c a n  be expec ted  

du r ing   hand l ing  o f  the   ma te r i a l s   f rom  the   subzones   l i s t ed   above .  

Weirco ' s  v i s u a l  examinat ions  cf the   sp l i t - co re   s amples   and   obse rva -  

t i o n s  made i n  t h e   t e s t   p i t   s u g g e s t  t h e  f a c t   t h a t  when wet ,  i t  will 

b e   q u i t e   d i f e i c u l t   t o   h a n d l e   t h e   H a t   C r e e k   c l a y s   o n   c o n v e y o r s ,  i n  

hoppers and b i n s ,  and through c h u t e s  and p i p e s .  
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I n  prepar ing   Tables  N O S .  1 2  and 1 3 ,  use was  made of t h e  

r e g r e s s i o n   e q u a t i o n s   t o   a d l u s t   t h e   v o l a t i l e   m a t t e r ,   t h e   u l t i m a t e  

ana lyses  -- e x c e p t   c h l o r i n e ,   s u l f u r ,  and  ash -- and the  X G I .  

The Na20 and K 2 0  va lues  shown were a d j u s t e d  from t h e   d a t a  

developed  from  Table No. 1 0 .  ?he h i g h  h e a t   v a l u e s  (HHV) on  an 

e q u i l i b r i u m   m o i s t u r e   b a s i s  were c a l c u l a t e d  by weirco.  The f u s i o n  

t e m p e r a t u r e   v a l u e s   ( f u s i b i l i t y   o f   a s h )  shown a r e   t h e  maximum 

(mean plus two t imes   t he   s t anda rd   dev ia t ion )  and the  minimum (mean 

minus  two t i n e s   t h e   s t a n d a r d   d e v i a t i o n )   v a l u e s   d e f i n i n g   t h e   r a n g e .  

For   the   purposes   o f   the   s tudy ,   the   fus ion   va lues   have  a l l  Seen 

rounded  of f   to   the   next   h igher   va lue   d iv is ib le  by 1 0 .  

?he forms   of   su l fur   va lues   for   each   of   the   four   major  

zones  were  obtained  from a spec ia l   compute r   s tudy .  Summaries  were 

p repa red  by B .  C.  Xydro i n c l u d i n g   a l l   d a t a   f a l l i n g   e n t i r e l y  

w i t h  the  zones.  Samples  spanning  the  zone  boundaries  were  excluded. 

Adjustments  were made by Weirco t o   t h e   v a l u e s   c a l c u l a t e d   f o r  

t h e   p y r i t i c  and o r g a n i c  sulfur forms. T h i s  was necessary  i n  

o r d e r  t o  resolve t h e   d i s c r e p a n c y   b e t w e e n   t h e   t o t a l   s u l f u r   c o n t e n t s  

c a l c u l a t e d   f r o m   t h e   s p e c i a l   s t u d y  and t h e  cor responding   va lues  

determined i n  t h e   o v e r a l l   a u d i t .  

Table  No. 1 4  summar izes   t he   coa l   cha rac t e r i s t i c   va lues  

obta ined   on   the  >60% ash  samples   for   each of the  four  main  zones.  
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The q u a l i t y   2 a t a  shown r e ? r e s e n t   v a l u e s   f o r   e x c l u d a b l e   m a t e r i a l ,   i . e . ,  

m a t e r i a l   i f  mined  and included w i t h  the  R.O.M.  c o a l  would adve r se ly  

a f f e c t   ( d i l u t e )   t h e  R.O.M.  q u a l i t y .  As indicated  e lsewhere,   Weirco 

f e e l s   t h a t  t h i s  ca t egory   i nc ludes   ca rbonaceous   sha l e .  

Because   o f   d i f f i cu l ty  i n  i den t i ty ing   ca rbonaceous   sha l e  

i n  s i t u ,  i t  w i l l  be  mined w i t h  t h e  c o a l .  Hence, a d d i t i o n a l  m i n i n g  

d i l u t i o n  need  not  be  considered i n  p r o j e c t i n g   d e l i v e r a b l e   c o a l  

q u a l i t y ,   e s p e c i a l l y  i n  v i e w   o f   t h e   f a c t   t h a t   d u r i n g   t h e   e a r l y  

pe r iod   o f   t he   d r i l l i ng   p rog ram,   ca rbonaceous   sha l e  may not  have 

b e e n   i d e n t i f i e d   a s  s u c h .  Consequent ly ,  i t  was probably  included 

in   t hose   s amples   ana lyzed   a s   coa l   s amples .  The a n a l y t i c a l   r e s u l t s  

u n d o u b t e d l y   r e f l e c t   t h e   i n a d v e r t e n t   d i l u t i o n   o f   t h e   s a m p l e s .  

Table  No.’15 summar izes   t he   cha rac t e r i s t i c   compos i t e   qua l i t y  

v a l u e s   c a l c u l a t e d   f o r   t h e  four zones.  The va lues  for the  > 6 0 %  ash 

coa l   co r re spond  to t h o s e   l i s t e d  i n  Table  No. 13, columns 4 and 5 ,  

f o r   t h e   s e l e c t i v e   m i n i n g   c a s e .  T h e  obse rved   d i f f e rences   a r e  

n e g l i g i b l e .  Weirco f e e l s   t h a t ,  as i n  Table No. 1 3 ,  there   should  

be l i t t l e   s i g n i f i c a n t   d i f t e r e n c e  between t h e  d a t a   t a b u l a t e d  -- w i t h  

c e r t a i n   s p e c i f i e d   s u b z o n e   d a t a   e x c l u d e d  -- and the  corresponding 

averages  which  could  be,  though  were n o t ,  c a l c u l a t e d   t o   i n c l u d e  all 

subzone  data .  
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I n  p repa r ing   Tab le s  Nos. 1 2  through 1 5 ,  use was  made o f  

t h e   r e g r e s s i o n   e q u a t i o n s   t o   a d j u s t   t h e   v o l a t i l e   n a t t e r ,  t h e  

u l t i m a t e   a n a l y s e s  -- e x c o p t   c h l o r i n e ,   s u l f u r ,  and a sh  -- and 

t h e  HGI. The NaZO and K20 v a l u e s  shown were a d j c s t e d  from t h e  

da t a   deve lopea  from T+ble No. 1 0 .  The HRV -- as r ece ived  and 

e q u i l i b r i u m   m o i s t u r e   b a s e s  -- a r e   v a l u e s   c a l c u l a t e d  by  Weirco. 

a 

26.  



Surnnary 

The Paul  Weir Company has   conducted a t e c h n i c a l  

a u d i t  of t h e   q u a l i t y  d a t z  o b t a i n e d   t o   d a t e   d u r i n g  t h e  e x p l o r a t i o n  

of t h e  s a t  Creek ,   Br i t i sh   Columbia ,   p ro?osed   min ing   a rea .  

T h e   c h i e f   p u r p o s e   o f   t h e   a u d i t  was t o  zssess and  nodi fy   as   necesszry  

B. C.  Hydro's a o i l e r   F u e l   S p e c i f i c a t i o n   D a t a .  

During its s t u d i e s ,  Weirco became  convinced   tba t  

s e l e c t i v e   m i n i n g   c o u l d  be employed t o   i s p r o v e  3. C.  Hydro's 

? r o , j e c t e d   c o a l   a u a l i t y   a n d   t h i s   r e p o r t   a d d r e s s e s   i t s e l f  t o  

tha t   p remise .   Sowever ,   l ower ing   t he   a sh   con ten t  of t h e  

p r o p o s e d   b o i l e r   f u e l  is not w i t h o u t  its drawback.  Weirco's 

s t u d i e s  confirmed its a p p r a i s a l   o f   t h e   f a c t , .   o b s e r v e d   i n  work 

f o r   o t h e r s ,   t h a t  t h e  r e y r t e d  sodium c o n t e n t  of t h e   c o a l  

was too low. C o n s e q u e n t l y ,   t h e   r e c d c u l a t e d  NaaO v a l u e ,   e s p e c i a l l y  

for  t h e  D Zone coal, - m i n t s  to t h e   p o s s i b i l i t y  of d 

with s l a g g i n g   a t  times i n   b u r n i n g  the  Hat Creek   coa l  

i f f  icul t y  
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A t  t h i s  time, Weirco   could   no t  recorninend c o a l   p r e p a r a t i o n  

beyond  Level 2 c l ean ing .   (Leve l  2 c l e a n i n g   e n t a i l s   d r y   s c r e e n i n g  

a t  a b u t  3/8-inch,  followed by washing  of  the  +3/8-inch  only.  

The 3/8" x 0 is reconbined w i t h  t h e  washed - +3/8- inch   coa l . )  

C e r t a i n l y   t h e   e f f e c t i n g   o f  a s u l f u r   r e d u c t i o n   o f  a few hundredths  

of  a p e r c e n t  -- below  the  accepted 959 l e v e l   o f   r e p r o d u c i b i l i t y  

o f   t he   ana ly t i ca l   me thods  -- c a n n o t   j u s t i f y   t h e   l o s s   o f   h e a t   v a l u e  

r e s u l t i n g   f r o m   t h e   i n c r e a s e d   m o i s t u r e   c o n t e n t   o f   t h e   3 0 i l e r   f e e d .  

T h i s  does n o t  t ake  i n t o  account   the   p roblem  of   supply ing   water   to  

do t h e  washing  nor   of   handl ing t h e  we t t ed   p roduc t s   du r ing   t he  

S a r d - f r e e z e   s e a s o n .  Nor does i t  t ake  i n t o  account   envi ronmenta l  

p r o b l e m s ,   s u c h   a s   w a t e r   c l a r i f i c a t i o n  and r e c y c l i n g ,   o r   a b a t e m e n t  

and c o n t r o l  of p o t e n t i a l   a i r   p o l l u t i o n   d u r i n g   t h e r m a l   d r y i n g   o f   t h e  

c o d   t o   a l l e v i a t e  or p r e v e n t   f r e e z i n g   o f   t h e  washed c o a l .  

Though,  Keirco was i n s t r u c t e d  n o t  to  s t u d y   t h e   m a t t e r  

of c o a l   p r e p a r a t i o n ,  i n  view of t h e  f a c t  that f r e q u e n t   r e f e r e n c e s  

to  t h e  subject were made by B.  C. Hydro personnel,  Weirco felt 

c o n s t r a i n e d  to  touch bn t h e   s u b j e c t   b a s e d   o n  its e x p e r i e n c e .  

(1) The purpose of b e n e f i c i a t i o n  is t o   u p g r a d e   t h e   o v e r a l l  

p r o d u c t  w i t h  maximum coa l   r ecove ry .  

Washing w i l l  add  roughly 3 t o  8 p e r c e n t   t o  t h e  weight  

o f   t h e   p r o d u c t  as water  - depending on t h e   p e r c e n t a g e  

of f i n e s  i n  the   p roduct .  The more f ines ,  t h e  g r e a t e r  
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w i l l  be the   mo i s tu re   con ten t .  T h u s ,  there   needs   to  be 

a much g r e a t e r   r e d u c t i o n  i n  t he   a sh   con ten t   (p ro jec t ed  

by .CANMET- 1 6 . 5 % )  t o   o f f s e t   t h e   i n e r t i n g   e f f e c t s   o f  

t h e  water   during  combust ion.  I t  takes   roughly  four   t imes  as  

many B t u  t o   r a i s e   t h e   t e m p e r a t u r e   o f   o n e  pound of   water   than it  

does  to r a i s e   t h e   t e m p e r a t u r e  of one pound o f   a s h   t h e  same number 

o f   deg rees ,   no t   t o   men t ion   t he   l a t en t   hea t   r equ i r ed   t o   evapora t e  

t h a t  pound o f   wa te r .  

As f o r   s u l f u r   r e d u c t i o n ,   t o   o b t a i n  a 25 p e r c e n t  

r e d u c t i o n  i n  t h e   s u l f u r   c o n t e n t ,  one  would  have t o  wash 

the  Hat   Creek  coal  --- averaging  0 . 5 1  p e r c e n t   s u l f u r   ( d c b )  --- 
t o   a b o u t  0 . 3 8  p e r c e n t ,   o r  a r educ t ion   o f  0 . 1 3  p e r c e n t  

sulfur. The Weirco  s tudy  confirmed  the Dolmage-Campbell e s t i m a t e ,  

b a s e d   o n   l i m i t e d   a n a l y s e s ,   t h a t   t h e   p y r i t i c  S u l f u r  Content -- t he  

o n l y   s u l f u r  component s u b j e c t   t o   r e d u c t i o n  by p h y s i c a l  means --- 
averaged 25 p e r c e n t   o f  t h e  t o t a l   s u l f u r .  T h u s ,  a 25  2 e r c e n t  s u l f u r  

r e d u c t i o n  would r e q u i r e  a 100 p e r c e n t   r e d u c t i o n  in p y r i t i c  Sulfur 

c o n t e n t .  T h i s  f i g u r e  is n o t  too l i k e l y   t o  be  approached. 

p y r i t i c   s u l f u r   r e m o v a l  w i l l  average 50  p e r c e n t ,   w i t h  80  

percent   removal   approaching  the maximum p o s s i b l e .  

CANXET's r e p o r t  ( A  P i l o t - S c a l e   F e a s i b i l i t y   S t u d y   o n  Water- 

Only  Washing  of  Hat  Creek  Coal - A p r i l ,  1 9 7 8 )  d i d  = 
s u g g e s t  a 25 p e r c e n t   r e d u c t i o n  i n  s u l f u r  by washing, 

a l though s u c h  a s t a t e m e n t  was made. The f i g u r e   r e p o r t e d  

by CANM2T was a n   o v e r a l l   r e d u c t i o n   o f  11 p e r c e n t   t o t a l   S u l f u r .  

2 9 .  
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I t  was o n l y  when t h e  s u l f u r  was e x p r e s s e d   a s   l b .  

Sulfur," B t u  were  reduc. t ions o f  25 pe rcen t   ach ieved .  

Eowever, i t  shou ld  be F i n t e d  o u t  t h a t   t h e  sulfur 

c o n t e n t   o f   t h e   H a t   C r e e k   c o a l s  washed was a l s o s t   t w i c e  

t h a t   o f   t h e  ? i t  No. 1 average -- 0 . 5 1 .  A s  p o i n t e d   o u t  by CANMET, 

t h e   r e d u c t i o n  will be a f u n c t i o n   o f   t h e   s u l f u r  

c o n c e n t r a t i o n s   i n   t h e   c o d .   S i n c e  t h e  o r g a n i c   s u l f u r  

c o n t e n t  ranqes from 0 . 2 0  to 0 . 5 2  and t h i s  s u l f u r  form 

t ends   t o   app roach  a c o n s t a n t   f o r  a g i v e n   c o a l ,  i t  would 

a p g e a r   t h a t   t h e   T o t s n t i a l   f o r   s u l f u r   r e d u c t i o n  by washing 

is min ima l .   In   f ac t ,   t he  CP.NMET r e p o r t   s t r o n g l y   s u g g e s t s  

t h e   p r o b a b i l i t y   o f  a s u l f u r   i n c r e a s e  when washing  the 

A and C coals. These   a r e   t he   coa l s  which  a r e  i n  g r e a t e s t  

n e e d   o f   b e n e f i c i a t i o n .  

( 2 )  As also p o i n t e d   o u t  by C A m T ,  t h e i r   r e p o r t  is based  on 

l a b o r a t o r y   s t u d y  of raw c o d  crushed to a tops ize   be low 

t h a t  normally encountered  i n  commercial   pract ice   and 

t h e n   o n l y  when d e a l i n g  wit3 m e t a l l u r g i c a l   c o a l .  

P ro jec t ions   based   on  s u c h  t e s t s   a r e   r i s k y .  

As fo r   Leve l  2 c leaning ,   Weirco   cannot   ho ld  much hope 

f o r   s i g n i f i c a n t   b e n e f i t .   F o t e n t i a l l y ,   t h e   o n l y   i m p r o v e m e n t  i n  

q u a l i t y  would come abou t   t h rouch   d i sca rd ing  t h e  -+" m a t e r i a l  by 

30. 
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sc reen ing .  As p r e v i o u s l y   i n d i c a t e d ,  9. C .  Hydro is c u r r e n t l y  

i n v e s t i g a t i n g   t h e   a p p l i c a t i o n   o f  a sc reening   process   to   upgrade  

low g rade   coa l  i n  o r d e r  t o  e l iminate   the  planned  low  grade 

s t o c k p i l e .  T h i s  is t h e   m o s t   d i f f i c u l t   s i z e   t o   s c r e e n ,  

e s p e c i a l l y   t h e  k" x 0 when wet. Since  the +'' x 0 f r a c t i o n  

is a s i g n i f i c a n t   p e r c e n t a g e   o f   t h e   t o t a l   p o t e n t i a l   f e e d ,  s u c h  

s c r e e n i n g  is n o t  recommended.  There is o n e   b e n e f i t ,   a l b e i t  

a minor  one,  which  could be gained by u s i n g  a r o t a r y   b r e a k e r  

t o   e f f e c t   s i z e   r e d u c t i o n   o f  t h e  mine product .  T h i s  would permi t  

s c a l p i n g   o f f   t h e   s i l i c i f i e d   ( p e t r i f i e d )  wood found i n  t h e  

overburden.  However,  Weirco f e e l s   t h a t   o f f s e t t i n g  t h i s  b e n e f i t  

is t h e  f a c t   t h a t   t h e   b u l k  of t h e  breaker   re jec ts   could   be  

c o a l ,  wh ich  t e n d s   t o  be   ha rde r   t han   t he   a s soc ia t ed   r e fuse  

m a t e r i a l .  

c 

1 
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Subzone 

A l  

a3 
A2 

f i  
A4 

A6 
Mean Lare 

B 1  
B 2  

Mean tcne 

c1 
C2 
u 
e4 

Mean Zone 

Dl 
D2 
D3 
D4 

Xean Zone 

O f A  Mean k e a  

Rankings 

Table No. 1 

INT2'.-LA3ORATORY COEtD.QISONS 

MOISTURE, Z 

CT&E 
T o t a l  ( a . r . )  Equilibrium  Genertl Test ino  
Mean 

25.39 
24.76 
22.96 
22.00 
21.23 
19.24 
22.60 

22.43 
21.s 
22.11 

18.17 
19.06 
21.12 
21.34 
20.14 

23.83 
23.80 
25. L8 
24.76 
24. LO 

22.91 

- 

(3)  

2s 
3.58 
3.47 
3.49 
3.26 
4.03 
4.07 
3.65 

2.65 
3.09 
2.91 

6.97 
4.90 
4.89 
3.69 
5.00 

3.63 
2.96 
3.65 
3.61 
3.45 

3.67 

(1) 

Mean  Mean - 
19.90 23.82 
23.27 22.37 
21.65 19.51 
20.69 18.08 
21.50 19.66 

N.D. 16.33 
21.27  19.68 

22.04 
22.02 

19.44 
18.09 

22.03  18.90 

19.91  10.26 
21.00 
21.19 

15.03 
17.43 

22.65  17.97 
21.15  15.88 

20.59 20.91 
N.D. 21.11 
25.23 20.96 
24.32 20.92 
23.38  20.99 

22.18 19.55 

- (1) 

* 
6.19 
4.14 
5.09 
5 .51  
4.44 
3.99 
4.91 

4.07 
4.90 

4.44 

3.50 
3.23 

3.69 
3.93 

3.63 

3.54 
5.12 
3.92 
4.69 
4. L5 

4.44 

(2) 

b r i n e  - Hean 

19.29 
20.21 

17.62 
19,. 66 
16;16 
18.92 
18.41 

23.83 
24.54 
24.27 

15.13 
23.39 
20.09 
23.77 
22.08 

2 ~ .  6a 
23.87 

24.72 
24.i6 

24.44 

22.37 

( 2 )  

i s  

6.98 
6.1? 
6.02 
7.41 

3.39 
6.75 

6.61 

7.93 
5.71 
6.63 

4.18 
6.32 

4.10 
6.61 

5.15 

L. 25 

4.82 
4.07 

5.39 
4.66 

5.47 

(3) 

3 2 .  



Subzone 

A l  
A2 
A3 
A4 
a5 
A6 

Mean  Zone 

B1 
B2 

Mean  Zone 

c1 
c2  
c 3  
c 4  

Mean Zone 

D l  
D2 
D3 
D4 

Mean  Zone 

OjA Mean Area 

Rankings 

Table No. 2 

INTEX-LABORATORY COMP.4RISONS 

ASH, 7. (dcb) 

General 
BCHP4 
- Mean + f  - 
34.13 
38.38 
45.76 
41.69 
42.66 
59.34 

41.49 

35.31 
38.80 

37.80 

62.75 
50.87 
46.19 
45.23 
50.94 

29.99 
21.97 
19.18 
24.29 

23.88 

37.87 

( 4) 

17.65 
13.72 
16.75 
16.59 
16.61 
12.81 

16.17 

16.30 
15.94 

16.12 

11.77 
13.82 
14.69 
12.87 

13.22 

12.90 

10.72 
9.09 

11.75 

11.04 

14.89 

(4)  

CT&E - Mean +S - 
36.68 

48.92 
36.77 

43.23 
47.29 
61.10 

44.47 

37.02 
35.64 

36.43 

58.10 
55.16 
50.43 
50.14 

52.92 

29.17 
24.47 
18.83 
25.70 

24.78 

36.63 

( 3 )  

18.76 

14.22 
12.00 

13.59 
13.16 
9.65 

13.96 

9.92 
12.41 

11.42 

10.45 
11.39 
13.36 
11.40 

11.74 

11.77 
8.92 
8.16 

10.80 

10.05 

10.99 

(1) 

Mean +S 

Testine 
- - 
35.04 

45.39 
33.34 

44.91 
42.58 
56.02 

42.79 

33.60 
29.53 

31.24 

56.16 
48.81 
48.71 
50.52 
50.60 

29.18 
24.32 
18.13 
24.48 

23.56 

33.15 

(1) 

17.21 
7.57 

15.03 
17.94 
15.89 
8.95 

15.32 

9.50 
13.21 

11.21 

9.19 
8.76 

10.86 
9.32 

9.77 

12.04 
9.96 

8.42 
7.48 

9.46 

11.33 

( 2 )  

Loring 
Mean t s  - 
32.39 
43.06 
49.63 

50.45 
45.75 

73.20 

48.35 

43.68 
39.31 

40.98 

70.16 
51.82 
54.04 
49.10 

53.04 

29.51 
21.63 
17.72 
23.39 

23. l a  

35.92 

( 2) 

21.30 
17.20 
13.20 
19.93 
13.03 
12 .12  

16.68 

18.77 
21.55 

19.88 

17.12 
12.73 
11..20 
13.66 

13.28 

9.58 

5.49 
7.49 

9.34 

8.23 

13.20 

( 3 )  

3 3  



Table No. 3 

Subzme 

A l  
A2 
A3 
A4 
A5 
A6 

Hean b n e  

31 
B2 

Xeaa &ne 

Cl 
c2 
c3 
c4 

Yean Zone 

Dl 

D3 
D4 

02 

?!ea, Zone 

O i A  Hean k e a  

Rankings 

IYT€X-WOP&TORY COMP.4XISONS 

SULFIX, 7, (dcb) 

0.88 
0.79 
0.69 
0.67 
0.74 
0.52 
0.74 

0.65 
0.64 
0.65 

0.45 
0.45 
0.33 
0.39 

0.41 

0.22 
0.21 
0.24 
0.35 
0.25 

0.58 

(4) 

+a 

0.45 
0.31 
0.44 

0.33 
0.29 

0.32 
0.36 

0.30 
0.38 
0.34 

0.56 
0.32 
0.16 
0.52 
0.44 

0.08 

0.08 
0.12 

0.16 
0.11 

0.33 

(3) 

cT&E 
Mean - 
0.68 
0.72 
0.63 

0.69 
0.58 

0.53 
0.65 

0.64 
0.63 
0.63 

0.46 

0.40 
0.47 

0.48 

0.45 

0.35 
0.29 
0.30 
0.37 
0.33 

0.50 

(1) 

4 s  

0.26 
0.48 

0.24 
0.21 
0.26 
0.19 
0.28 

0.28 
0.36 
0.33 

0.22 
0.18 
0.25 
0.38 
0.28 

0.26 

0.13 
0.21 

0.12 
0.19 

0.25 

(1) 

General 

Hean 
T e s t i n e  

2 s  - 
0.60 
0.76 
0.58 
0.60 
0.78 
0.64 
0.68 

0.88 
0.77 
0.83 

0.53 

0.39 
0.70 

0.27 
0.65 

0.37 

0.30 
0.43 
0.34 

0.52 

(3) 

0.28 

0.20 
0.18 
0.19 
0.26 
0.32 
0.15 
0.26 

0.61 
0.23 
0.49 

0.13 
0.30 
0.20 
0.08 
0.19 

0.29 
0.14 
0.08 
0.12 
0.16 

0.29 

L c r i n e  - Mean n .  - 
0.80 0.36 
0.99 0.37 
0.67 0.22 

0.74 0.25 
0,56 0.38 
0.78 0.41 

0.a4 0.57 

0.58 0.21 
0.83 0.81 
0.73 0.65 

0.30 0.11 

0.34' 0.14 
0.54 0.28 

0.44 0.33 
0.44 0.27 

34. 

0.30 0.13 
0.28 0.08 

0.43 0.12 
0.35 0.12 

0.33 0.14 

0.50 0.34 



Table No. 4 

* 
Subzone 

I I .  Al 
Az 
A3 
A4 
.e 
A6 

Mean Zone 
I 

Bl' 
B2 

1 Mean Zone 

Cl - c 2  
c3 
c4 

I &an Zoac 

Dl 
D2 

U D3 
D4 

m 
Mean Zoac 

INTEEL-LA30RATORY COM??RISONS 
HHV (dcb) - :UU/KC 

17,675 5 ,934  
16,265 4,592 
13,827 5,572 
15,291 5,513 
14,960 5,586 

9 ,333  4,257 

15,292 5,408 

17 ,368  2 5 , ' ~  
16,303 4 5 , 4 4 0  

16 ,853  4 5 , 5 4 6  

12,220 4 ,943  
8 ,334  3,987 

13 ,771  ~ 4 , 4 9 8  
13,284  <5,262 

1 2 , 0 1 5   ( 4 , 6 5 2  

19 ,271   4 ,919  
22,130 3 ,478  
2 3 , z ~ o  3,768 
21,717 3,999 
21,549 4 ,053  

16,630 ( 5 , 0 9 2  

16,907  6 ,154 

12,926 4,678 
14 ,643  4 ,415  
13 , 390 4 ,601  

16,903  3 ,851 

8 ,756   3 ,163  

14,316 4 ,644  

17 ,341  3 ,403  
16 ,832  4 ,354  

17 ,048  3 ,979  

~ 0 , 5 2 8  3,890 
12,368 4,497 

9,572  3 ,976 

12,149 3,908 

11,325 4,063 

19 ,673  3,992 
21 ,392  43 ,096  
23,401 3,227 
21,216 3 ,821  
21,331  <3,.553 

17 ,091   (4 ,067  

General 
Test inq  

Mean t= - 
17,614  5 ,380  
18 ,093  2,449 

14 ,356  5 ,796  
14 ,203  4,797 

15,020 5 , 2 4 1  
10 ,334  2 ,769  

15 ,021  4 ,961  

19 ,355  3 ,291  
~ 7 , 8 4 4   4 , 8 0 2  

18 ,721   3 ,995  

10 ,407   2 ,761  
12,563  2 ,815 

12,430  3 ,458 

'12 ,227  (3,165 

12,836  (3 ,299 

19,597 4 , 3 6 1 ,  
21,373 U , 5 3 5  
23,560 23678 
21,420  2 ,931 
2 1 , 6 5 5   0 , 3 7 1  

18,280  (3 ,856 

Lotinz 
Hean 2 s  _.. 

18,130  7 ,126 
14,935  5 ,489 
12,275  4 ,679 
13.620  7.044 
1 2 ; 2 6 7   4 ; 4 1 1  

4;776  3 ,307  

3 5 .  



Subzone 

hl 
A2 
A3 
A4 
A5 
Ab 

Xean  Zone 

B1 
92 

Xean  Zone 

c1 
c2 
c3 
c4 

Mean Zone 

Dl 
D2 
D3 
D4 

Mean Zone 

QIA Xean Area 

Rankings 

Table No. 5 

IhTZR-LABORATORY COMF.4RISONS 

HHV (FA") - U / K G  

Ceneral 
BCHP.4 

Mean 2' - 
26 , 344 3,204 
26,074 2,409 
24,719 3,649 
25,616 3,556 

21,775 5,110 
25,457 3,491 

26,115 (3 ,401 
26,411 44,476 

26,'268 (3,992 

21,621 4,045 
26,450 4,376 
23,332 ( 5 , 9 7 5  
24,659 (3,932 
23,657 44,502 

25,372 3,782 

27,287 3,884 
28,276 2,378 

28,471 2,315 
20,520 1,753 

28,112 2,732 

26,011 <3,550 

(3) ( 4 )  

26,078 
26,497 
24,756 
25,359 

21,899 
25,209 

26;395 
26,766 

26,552 

22,090 

24,203 
23,750 
23,332 

24,885 

22,859 

20,234 

20,426 
23,733 

28,217 

25,350 

(2) 

27,582 

2,692 
2,966 

3,770 
2,339 
2,975 
4,106 

3,016 

1,449 
2,637 
2,213 

4,116 
3,746 
2,974 
3,374 

1,514 

2,994 

4,984 

~ 1 , 0 8 3  

1,825 
<1,912 

(2,660 

( 2 )  

Testine 
Me an +S - - 
26,706 1,976 

25,543 2,115 
25,303 2,625 

24,446 1,300 

27, oao 718 

25,645 2,538 

25,713  2,269 

27,347 1,356 
26,617 3,595 
27,041 2,548 

23,480 ~ , 6 5 a  

24,806 1,749 

24,431 2,375 
24,673 (2,703 

24,470  (2,139 

27,368 2 , 2 0 ~  

a76  
28,282 993 
20,730 
28,120 (1,237. 

28,185 <1,370 

26,839 (1,735 

(1) (1) 

25,688 3,636 

23,a79 3,276 
23,768 5,883 
24,288 3,325 

25,314  4,432 

17,323 4,342 
23',739 4,527 

25,945 4,643 
23,944 5,252 

25,178 4,985 

14,433 8,186 

22,338 6,029 
23,008 3,717 
22,199 4,834 

20,230 627 

28,367 1 ,778  

23,454 3,692 

27,122 1,702 

20,747 910 

28,126 1,3i4 

25,795 3,534 

( 4 )  (3) 

36. 



Subzone 

Al 
ru 
A3 
A4 
a5 
A6 

Xean Zone 

B2 
Bl 

Mean Zone 

c1 
c2 
c3 
C4 

Hean Zene 

D2 
Dl 

D4 
D3 

Mean  Zone 

Ola Uean .kea 

Rankings 

Table No. 6 

IXTER-UBORXTDRY COMP.4RISONS 

Si02. 7. OF .%SF! 

CT&E - Mean 

51.34 
50.76 
53.64 
53.74 
54.39 
55.60 
53.22 
53.56 
51.64 
52.57 

53.33 

53.74 
64.51 

49.20 
56.45 

50.35 

52.34 
61.14 
53.06 

53.40 

2 

49. 84 

- +S 

8.35 
3.86 
4.32 
5.33 
5.17 
5.42 

5.44 
5.08 
7.55 
6.47 

3.78 

7.83 

9.70 
3.54 

7.61 

4.74 
7.49 

8.61 
5.29 

6.70 

6.23 

1 

General Testing 
Xean - +s - 
49.  47 
49.89 
49.76 

49.25 
48.66 

52.05 
49.42 
47.59 
49.09 
48.16 

51.09 
49.99 
52.50 
51.03 
51.11 
47.56 
51.07 
51.40 
61.43 
53.18 

51.43 

L 

7.16 
4.04 
4.33 
6.29 

4.32 

6.34 

7.14 

7.86 

a. 46 
7.67 

4.84 

3.43 
6.51 

6.47 

5.75 

5.27 
6.19 

9.41 
4. a4 
6.80 

6.73 

2 

48.60 

48.99 
61.46 

52.97 
54.04 
52.02 
52.65 
52.06 
52.28 

50.51 
54.32 
57.94 
50.14 
53.00 
53.29 
50.04 
55.14 
60.78 
55.17 

53.59 

3 

48.79 

LO. 78 

9.90 
3.79 

11.41 

' 6.55 
4.70 

8.48 
5.92 
9.72 
8.30 

19.49 

4.47 
7.14 

10.98 
9.92 
7.59 
4.76 
4.79 
7.40 
6.36 

7.87 

3 

3 1 .  



Table No. 7 

I 

I 

I 

1 

II 

Subzone 

Al 
A 2  
a 
A4 
A5 
A6 

Mean ZoEe 

91 
B2 

Mean Zone 

c1 
c 2  
c3 
c4 

Mean Zane 

Dl 
0 2  
D3 
D4 

X e a n  Zone 

O I A  Mean Area 

Rankings 

cT&E 
Mean 

27.55 
30.96 
30.05 
29.85 
28.49 
26.97 

29.03 

-30.45 
28.76 

- 

29 s a  
24.91 
19.82 
28. I2 
28.20 

24.60 

32.90 
29.25 

28.17 
24.15 
28.81 

28.60 

3 

+3 

5.11 

3.56 
2.76 

3.52 
3.90 
3.72 

3.78 

5.02 
5.85 

5.46 

6.04 
3.80 
3.38 
4.38 

4-23  

4.17 
5.87 

5.82 
4.44 

5.17 

4.55 

2 

- General T5stir.e 
Hem 

24.73 
29.74 
26.84 
26.31 
23.69 
25.23 

- 

25.83 

25 .  28 
27.14 

25.  9a 

24.25 
25.71 
26.43 
26.33 

25.93 

26.95 
28.21 
25.37 
23.92 
26.08 

26.00 

1 

- 4-3 

4.26 
1.81 
3.27 
4.64 
4.39 
2.18 

3.95 

4.36 
6.37 

5.21 

2.68 
3.  8 4  
2.30 
3.80 

3.40 

3.63 
3.87 
4.75 
3.  as 
4 .  10 

4.18 

1 

b r i n e  
Mean -3 - - 
27.18 
21.08 

5.52 

23.69 
2.M 

27.91 
6.69 

28.31 
6.76 

24.42 
2.20 
3.47 

26.26 ' 4.98 

26.91 
4.28 
5.96 

27.25  5.39 

23.80 
28.03 

1 .e9 

26.09 
3.61 
2.01 

26.22 6.47 

26.67  5.16 

30.05 
29.57 

4.11 
3.72 

22.74 2.89 
26.16 3 . S 2  

27.   83  

2 3 . ~  I 4.47 

26.47 4.64 

2 3 
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Subzone 

Al 
A? 
A3 
A4 
A3 
A6 

Mean  Zone 

B1 
E 2  

Mean Zone 

c1 
c2 
c3 
C4 

Mea Zone 

Dl 
D2 
03 
04 

Mean Zone 

OIA Mean .kea 

ilanking 5 

Table No. 8 

IXTER-LA3OIUTORY COMP!RISONS 
Fe203. 7. OF ASH 

cT&E - Mean +¶ - 
9.08 

8.05 
7.76 

7.62 

8.45 
8.15 

7.15 
9.81 
8.52 

8.70 

8.43 
3.82 

10.85 
7.42 

9.21 
7.48 

5.33 
7 .  a4 

7.71 

8.00 

(1) 

a. 37 

6.26 
3.89 
3.62 

4.35 
3.60 

5.71 
1.23 

8.48 
6.21 

7.47 

3.44 

4.00 
1.53 

7.19 
4.55 

7.93 
5.32 
5.20 
4.98 
6.11 

5.44 

(1) 

General Tes t i n e  
Mean - ;9 

8.18 

9.56 
7.44 

9.55 
13.46 
10.77 
10.44 

11.29 
10.01 
10.81 

12.21 
10.08 

10.78 
9.67 

10.56 

8.33 
9.35 

3.79 
7.52 

8.97 

(3) 

a. a9 

.. - 
6.87 
4.07 
3.75 
4.59 

4.73 
6.08 

4.33 
7.43 

6.43 

3.74 
3.98 
3.57 
6.72 
5.20 

6.20 
6.76 

10.41 
2.54 

7.21 

6.65 

a. 35 

(2) 

Lorim - Me an i s  - 
6.43 1.89 
3.62  1.72 

14.59 
9.65 

12.72 

8.73 . 4.81 
5.93 

9.35  8.53 
9.05  6.72 

10.26 
7.26  2.92 

10.16 
9.14  8.24 

13.50  17.00 
8.21 
6.18 

5.91 
3.89 

12.00  10.61 
9.76  9.03 

6.79' 
6.77 

6.14 
5.08 

5.50 
7 . 7 9  4.18 

5.19 
6.67 5.20 

8. 15 6.89 

(2) (3) 
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Table No. 9 

Subzone 

rll 
A2 
a3 
A 4  

A6 
.G 

Xean Zone 

Bl 
B2 

Mean Zone 

c1 
c 2  
c3 
c 4  

3ean Zone 

D l  
D2 
D3 
D4 

Xean Zone 

O / A  Yean &ea 

Rankings 

INTZR-WOFATORY CO?F!AISONS 

Na20, 7. OF ASH 

( STANDJXD L E O D )  

0.92 

0.78 
0.85 

0.87 
0.89 
0.87 

0.86 

1. oa 
0.96 

1.02 

0.57 
0.95 
0.80 
0.87 

0.83 

1.08 
1 . 5 2  
1.95 
1.51 
1.50 

1.08 

1 

0.35 

0.27 
0.21 

0.24 
0.30 
0.16 

a. 27 

0.35 
0.39 

0 . 3 7  

0.28 

0.32 
0.23 

0.23 

0.26 

0.37 
0.54 
0.75 
0.55 
0.56 

0.39 

1 

General Testinz - Mean - +Y 

1.78 
1.18 

0.85 
0.62 

0.69 
0.71 
0.87 

0.86 
1.10 

0.95 

1.13 

0.76 
0.81 

0.97 

0.91 

0.85 
1.43 
1.80 
1.59 
r.4a 

1.20 

2 

0.63 
0.64 
0.17 
0.21 
0.27 
0.08 

0.35 

0.29 
0.40 

0.33 

0.23 
0.08 
0.28 
0.43 

0.32 

0.36 

0.72 
0.43 

0.53 
0.55 

0.46 

2 

1.37  0.25 

2.12 
1.76 . 1.01 

0.73 

2.10 
1.23 

0.81 
0.29 

1.93 0.80 

1.34 
1.21  0.26 

0.52 

1.26  0.38 

1.10 
1.31 

0.40 
0.79 

1.55 
1.39 

0.86 
0.61 

1.36 0.71 

1.91 0.67 
2 .65  0 . 5 7  
3.16 1.11 
2.98 1 . 2 6  
2.67 0.97 

2.04 0.a1 

3 3 

2.68 0.67 
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I V .  M I N I N G  

General 

The geologica l   complexi ty  of the  Hat   Creek  deposi t  makes 

mine planning a c r i t i c a l   c o n s i d e r a t i o n   i n   d e t e r m i n i n g   t h e   r u n - o f -  

mine (ROM) c o a l   q u a l i t y .  Wide v a r i a t i o n s   i n   t h e   i n - s i t u   q u a l i t y  

coup led   w i th   t he   h igh   r a t e  of product ion ( 1 0  mi l l ion   tonnes   per  

y e a r )   p r o j e c t e d   f o r   t h e   p r o j e c t   c a n   l e a d  t o  a h i g h l y   f l u c t u a t i n g  

p roduc t   qua l i t y .  

The fo l lowing   geologica l   da ta   were   p rovided  by 3 . C .  Hydro: 

a .   Plan map of drill h o l e   l o c a t i o n s .  

b. Geophysical  logs  of 11 d r i l l   h o l e s .  

c. T h i r t e e n  cross-sect ion  drawings.  

d.  Computer l i s t i n g s  of q u a l i t y   d a t a  by subzone. 

The fo l lowing   da t a  on mine  planning  were  also  provided: 

1. A p lan  map of t h e  proposed  35-year   pi t .  

2 .  Bench p l a n s   f o r   f o u r   e l e v a t i o n s  ( 8 2 0 ,  835, 8 5 0 ,  and 8 6 5 ) .  
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3 .  Computer l i s t i n g s  s h o w i n g   c o a l   q u a l i t y   f o r   a l l   b l o c k s  

f o r  s ix  bench   e leva t ions  ( 7 9 7 ,   8 1 2 ,   8 2 7 ,   8 4 2 ,   8 5 7 ,  a?.d 

8 7 2 ) .  These l i s t i n g s   i n c l u d e   q u a l i t y   d a t a   f o r   b o t h  

geologic  and  minable  coal  with  and  without  consideration 

of s e l ec t ive   min ing .  

4 .  A "Summary of  Mining  Sequences"  showing how q u a l i t y  

f l u c t u a t i o n s   a r e  smoothed  out by the  mining  sequence. 

I n  a d d i t i o n   t o   r e v i e w i n g   t h e   a b o v e   l i s t e d   d a t a ,  a f i e l d  

t r i p  was  made t o  the   Hat   Creek   pro jec t  s i t e  t o  examine d r i l l   c o r e s  

and t o  view the t e s t   p i t   e x c a v a t i o n s .   W e i r c o   p e r s o n n e l   p r e s e n t  

on t h i s   f i e l d   v i s i t  were: X. P. Corriveau,  A. F. Duzy and D.  L. 

Schaible .  

I n v e s t i g a t i o n  

Examination of the q u a l i t y   d a t a  and drill co res   po in t ed  

out   th ree   subzones   which   had   such   undes i rab le   charac te r i s t ics   tha t  

f o r  the purposes   of   this   s tudy it was decided t o  exclude  these  sub- 

zones i n  their  e n t i r e t y .  Subzones A-6 and C - 1  were r e j e c t e d  

because of t he i r   ve ry   h igh   ave rage   a sh   con ten t .  Subzone C-2 also 

e x h i b i t s   h i g h   a s h   c o n t e n t   b u t  it was also re j ec t ed   due  t o  a high 

50. 



I 
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c l a y   c o n t e n t .   T h i s   c l a y   c o n t e n t  w i l l  cause   severe   handl i sg  

problems  in  mi",ing  and  conveying this  m a t e r i a l   p a r t i c u l a r l y   u n d e r  

w e t  cond i t ions .  I t  is q u i t e   p o s s i b l e   t h a t   c g r t a i n   p o r t i o n s  of Sub- 

zones A-6, C-1 and C-2 may be s e l e c t i v e l y  mine2 without  major 

a d v e r s e   e f f e c t s  on 'he ROM c o a l   q u a l i t y .  However, the  impact  on 

c o a l   q u a l i t y  would  be s l i g h t  and w i l l  n o t  a f f e c t  t he  r e s u l t s  of 

our study. 

The core examinat ions   a l so  showed t h a t  it is p o s s i b l e  

t o   v i s u a l l y   d i f f e r e n t i a t e   t h e   v e r y   h i g h   a s h   w a s t e   m t e r i a l  from 

t h e   c o a l .   T h i s   i n d i c a t e s   t h a t   t h e  ROM c o a l   q u a l i t y   c a n  be  up- 

graded by the   app l i ca t ion   o f   s e l ec t ive   min ing   p rac t i ces .  I t  was 

d e c i d e d   t o  use the  computer t o  s i m u l a t e   t h e   e f f e c t s  of s e l e c t i v e  

mining. A l l  samples  which  had a dry   ash   conten t   o f  6 0  pe rcen t  o r  

higher  and  which  also  were a t   l e a s t  2-m. t h i c k  were r e j e c t e d   a s  

waste. We f e e l   t h a t  the e f f e c t s   o f   d i l u t i o n   h a v e   b e e n   " b u i l t   i n "  

due t o  the sampling  procedures   which  have  included  s ignif icant  

q u a n t i t i e s  of  waste m t e r i a l   i n  t h e  samples  along  with  the good 

q u a l i t y   c o a l .  Th i s  included  waste is n o t   i d e n t i f i a b l e  by t h e  com- 

puter   and,   thusly,   cannot   be  e l iminated by t h e  "+60 p e r c e n t ,  +2-m." 

c r i t e r i a ,   e v e n   t h o u g h  much of it w i l l  be r e j e c t e d   d u r i n g   a c t u a l  

mining  operat ions.   Therefore ,  no fur ther   a l lowance  was made f o r  

d i l u t i o n .  
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The a c t u a l   s i n u l a t i o n  was done Sy MINTEC, Inc .  of Tucson, 

Arizona. MINTEC has   devised a block model s y s t e n  i n  which the  

m a x i m u m  block dimensions  are  150  m. by 2 0 0  m. Six h o r i z o n t a l  

mining  benches (15-m. h igh)  were  superimposed on t h i s  block  model 

and a c o m p u t e r   l i s t i n g  was  made which p r e s e n t e d   c o a l   q u a l i t y   d a t a  

for  each  bench by coal  zones  and by blocks. These s i x  benches  are  

t h e  same as those  l is ted i? Item 3 under  mining  planning  data on 

page 2 .  A summary of the s u l f u r  and   ash   conten t   for   these  six 

benches i s  shown in   Tab le  No. 1 6 .  

MINTEC a l s o   s u p p l i e d   p l a n  maps f o r  the  four   benches 

l is ted on page 1 i n  I tem 2 under   the  mile   planning  data .   These 

maps show the  l o c a t i o n s  of t h e  var ious   b locks   wi th in  t h e  35-year 

mining limits. Using the data   f rom the  computer l i s t i l g s  the d r y  

a sh   con ten t  was p l o t t e d  fo r  each block on a l l   f o u r  of the bench 

p lan  maps. These maps were  then  reviewed  to   determile   the  f luctua-  

t ions   in   ash   conten t   which  w i l l  occur   as   the   benches   a re  mined a t  

t h e   r a t e  of 4 0 , 0 0 0  tonnes  per  day. 

Sunmarv 

The ROM c o a l   q u a l i t y  w i l l  f l u c t u a t e  on both a s h o r t -  

term  and  long-term basis. 
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The s h o r t - t e r m   f l u c t u a t i o n s   a r e   t h e   d a i l y   o r   w e e k l y  

swings i n  q u a l i t y  which are a f u n c t i o n  of where t h e   c o a l  i s  being 

mined  from a given  bench or series of   benches   dur ing   t l a t   day  or 

week. The long- t e rm  f luc tua t ions   a r e   t hose   changes  i n  c o a l  

q u a l i t y  which  occur  from  year t o  year  and a r e  a func t ion   of   the  

ove ra l l   p ro j ec t   min ing   s equence .  The q u a l i t y  of t h e   c o a l   v a r i e s  

l a t e r a l l y  and s t r a t ig raph ica l ly   ove r   t he   Ha t   Creek   depos i t .   Th i s  

v a r i a b i l i t y ,   c o u p l e d  w i t h  t h e   g e o l o g i c   s t r u c t u r a l   f e a t u r e s ,   r e s u l t  

i n  a trend  toward  lower  ash a t   t h e   l o w e r   e l e v a t i o n s .  The d a t a   i n  

Table No. 1 6  i l l u s t r a t e  this t r e n d   f o r  s i x  benches  near   the.middle  

e l e v a t i o n s  of t he   35 -yea r   p i t .  

B. C. Hydro, i n  an a t t empt  t o  b a l a n c e   t h e   c o a l   q u a l i t y  

v a r i a t i o n s ,   h a s   d e v i s e d  a preliminary  mining  sequence -which begins  

near   the   middle   e leva t ions   and   progresses  i n t o  both  upper and 

lower   l eve ls   each   year .   This   concept   should   resu l t  i n  a f a i r l y  

uniform coal q u a l i t y   o n  an annual . .  basis.   Based on Weirco’s re- 

view of t he  da t a   con ta ined  i n  t h e  “Summary of  Mininq  Sequences,“ 

we e s t i m a t e  maximum a n n u a l   f l u c t u a t i o n s  of - + 3.0 percentage   po in ts  

i n   t h e   d r y   a s h   c o n t e n t   i n   t h e  ROM c o a l .  The e f f e c t   o f   t h e s e  

v a r i a t i o n s  would  be t o  r a i s e  o r  lower  the annual  average   hea t ing  

v a l u e   ( d r y   c o a l   b a s i s )  by approximately 1.0 ?IJ/Kg f r o m   t h e   f i e l d  

average. 
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I n  ou r  o p i n i o n ,   i f   a c c e s s   t o   a l l   o f  t h e  coal  zones is  

ma in ta ined   a s   de t a i l ed   i n  the annual  mining  ?lan, on a weekly 

bas is   the   d ry   ash   conten t   can   p robably  be con t ro l l ed   t o   app rox i -  

mately - + 1 . 5  percentage  points .  The corresponding swbgs  i n  the 

hea t ing   va lue  w i l l  be: 

- + 2 . 0  MJ/Kq d a i l y :  arrd - + 1 . 5  MJ/Kg weekly. 

As a f i n a l   c o n s i d e r a t i o n   a s   t o   t h e  manner i n  which  mining 

i n t e r f a c e s  w i t h  t h e  qual i ty ,   Weirco was asked t o   e v a l u a t e  the b u l k  , 

dens i ty   o f   the   coa l .  T h i s  information is v i t a l   t o   t h e   c o r r e c t  

e s t ima t ion  of the quan t i ty   o f   t he   coa l  and how it is t o  be handled 

( s t o r e d  and  conveyed) f o r   d e l i v e r y   t o  the power p l an t .  
L 

I n s o f a r  as bulk   dens i ty  is concerned,  probably  the best  

in fo rma t ion   t o   ob ta in  t h a t  value was developed in B.C. Hydro's 

exp lo ra t ion  program.  During t h a t  program,  bulk  samples were 

tested by f l o a t - s i n k   f r a c t i o n a t i o n s   t o  determine the washcb i l i t y  

cha rac t e r i s t i c s   o f   L le   Ha t  Creek coa l .   Us ing   t he   spec i f i c   g rav i ty  

( r e l a t i v e   d e n s i t y )   v s .   y i e l d ,  % curves drawn  from t h e  f l o a t - s i l k  

t es t  r e s u l t s ,  it can  be shown t h a t   a t  the 5 0  p e r c e n t   y i e l d   p o i n t l  

the spec i f i c   g rav i ty   o f   t he   coa l   t e s t ed   r anged   f rom 1 . 5 2 5  t o  1 . 5 5 5 .  

Now, i f  it is assumed tha t   the   bu lk   samples  were r e p r e s e n t a t i v e ,  

the b u l k  d e n s i t i t e s  can be c a l c u l a t e d .  The fol lowing l i s t  t h e  

averages of t h e   p r i n c i p a l   v a l u e s   o f   i n t e r e s t :  

1 
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Coal I n  Place 1 , 5 2 5  Kq./mi 

Crushed ROM (Loose  Pack) 760  Kg./m 3 

Crushed ROM (Compacted) 1 , 0 9 0  Kg./m 3 

Recommendations 

The fol lowing  i tems  are  recommended t o  a i d  i n  de f in ing  

and cont ro l l ing   the   qua l i ty   o f   the   Hat   Creek   coa l :  

1. Run analyses  on bench  plans  from  upper , i n t e rmed ia t e ,  

and lower e l e v a t i o n s   t o   v e r i f y  (and  quan t i fy )  the 

a sh -dep th   co r re l a t ion   fo r   a l l   subzones .  

2. For planning  purposes,   el iminate  subzones A - 6 ,  C-1, 

and c-2 from  the  reserve  base.  (Some coa l   recovery  

from these  subzones may be  a t tempted  af ter   . the  mine 

is  i n  operat ion.)  

3 .  Spec i fy  loading and haul ing  equipment i? nuLnbers and 

sizes which w i l l  be capable   of   separat ing  the  coal  

and waste down t o  1.0-to 1.5-m. thicknesses .  

4 .  Develop a mining  plan  which w i l l  expose  as mzny bench 

l e v e l s   a s  is economical ly   pract icable .  
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V. UTILIZATION ILUD SPZCIFICATIONS 

As ide   f rom  the   qua l i t a t ive -quan t i t a t ive  and  mining- 

b l ens ing   hves t iga t ions ,   ex t ens ive   i nves t iga t ions   have  Seen con- 

ducted  with  Hat Creek c o a l  i n  regard t o  i t s  u t i l i z a t i o n   c h a r a c t e r -  

i s t i c s   f o r   a p p l i c a t i o n   t o  the Hat  Creek  Thermal  project. A d i s -  

cuss ion   o f   t he   i nves t iga t ions  o r  r e s u l t s   f o l l o w .  

Petrographic  studies  have  been  performed w i t h  t h e  Hat 

Creek   coa l s .   B r i e f ly ,   r e su l t s  showed the  absence of s i g n i f i c a n t  ' 

amounts  of inert m a c e r a l s ,   f u s i n i t e s  and semi fus in i t e s   and ,   a l so ,  

r e l a t i v e l y  small amounts  of e x i n i t e s   f o r  t h i s  rank  of coal. 

Analysis was also  performed on var ious   c lay   samples .  

Resul t s  showed s i g n i f i c a n t  amounts  of k a o l i n i t e ,   q u a r t z  and m n t -  

m r i l l o n i t e  w i t h  l e s s e r   a m u n t s  of f e l d s p a r ,   p y r i t e  and s i d e r i t e .  

Tenderers   are   caut ioned  about   the  large  amounts   of   c lay  in   this  

c o a l  and to   design  equipment   accordingly.  The Stock  Zquipment 

Company has   conducted  f lowabil i ty  tests wi th  types  of  Hat Creek 

coal. 

Most s u l f u r  i n  t h i s  depos i t  w i l l  be  of the  organic   type.  

P y r i t e s   a p p e a r   t o  be  of small s i z e  and we11 dispersed  throughout 

the depos i t .  The m i n e r a l   s i d e r i t e  is a h 0   p r e s e n t   ( i r o n   c a r b o n a t e ) .  
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Combustion s t u d i e s  of Eat  Creek  coal  have  also  Seen  per- 

formed  and t h e s e   a r e   l i s t e d :  

1 

Fac i l i t y   Loca t ion  
C.WMET, Ottawa 
Alberta  Power Ltd. ,  

Babcock & Wilcox Co., 
Bat t le   River  

Research  Center 

Descr ipt ion 
F i r e d '   i n   p i l o t   s c a l e   f a c i l i t l e s .  
F u l l   s c a l e   f i r i n g  L? 3 2  ?Iw, 
pu lve r i zed   coa l   bo i l e r .  
S i n t e r i n g   t e s t s  and burning 
p r o f i l e s .  

One p e r t i n e n t   r e s u l t  of t h e   f i r i n g   t e s t s  show the   f ly   ash   p roduced  

w i l l  , b e  very   abras ive .  The cenospheres  formed  include many needle- 

l ike   mater ia l   ex tending   ou tward- - th i s   apparent ly   cont r ibu tes   g rea t ly  

to   t he   ab ras iveness   o f   t he   f l y   a sh .   Ano the r   pe r t inen t   r e su l t  is 

t h e   p o t e n t i a l   f o r   s l a y g i n y  i? t he   fu rnace ,   e spec ia l ly  i n  the furnace 

t h r o a t   a r e a .   T h i s   p o t e n t i a l   h i g h   r a t e  of  slaqging w i l l  be caused 

by the l a rge  amount  and type of   minera l   mat te r   in   the   coa l .  More 

p r e c i s e l y ,   t h e r e  w i l l  be s i g n i f i c a n t  amounts  of  sodium reac t ing   w i th  

quartz   and/or   c layey  minerals .  

The f u e l   s p e c i f i c a t i o n s   c o n t a i n   a s h   f u s i b i l i t y   d a t a  and 

a s h   v i s c o s i t y   d a t a  ( T 2 5 0 ) .  The 250  p o i s e   v i s c o s i t i e s   a r e   e s t i m a t e d  

f rom  es tab l i shed   curves   v ia  use of the  base-acid  ra t io   of   the   ash 

and s i l i ca -a lumina   r a t io s .  The tenderers  are cautioned  about use 

of t h e   f u s i b i l i t y - v i s c o s i t y   d a t a   f o r   f u r n a c e   d e s i g n .  
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B. C. Hydro h a s   a v a i l a b l e   a l l   c o a l   q u a l i t y   d a t a  and a l l  

r e p o r t s   p e r t a i n i n g  t o  invest igat ions  of   the   Hat   Creek  coal .  

Tenderers  of  boiler and auxi l ia ry   equipment   a re   inv i ted  and  en- 

couraged t o   v i s i t   t h e i r   o f f i c e s  t o  review and discuss   the  informa- 

t i on .  

The fue l   spec i f ica t ions   conta ined   here in   inc lude   sugges ted  

limits fo r   des ign  of  equipment. O f  cou r se ,   des ign  of equipment may 

be more conse rva t ive ;   i f  so, a p p r o p r i a t e   c r e d i t  w i l l  be assessed 

dur ing  the eva lua t ion .  

The f u e l   s p e c i f i c a t i o n s  are included i n  t h i s   s e c t i o n  of 

the  report ,   as   appendices  and iden t i f i ed ,   a s   fo l lows :  

Appendix  Description 
1 Coal   Spec i f ica t ions .  
2 Coal   Spec i f ica t ions   for   Dus t  Col lec t ion  

3 Coa l   Spec i f i ca t ions   fo r   Pu lve r i ze r  System. 
System. 

I n  addi t ion ,   the   sugges ted   bo i le r   des ign   cons idera t ions   a re  i n -  

cluded  as Appendix 4 .  

rl 
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THE SRITISH COLUMBIA HYDRO AZiD P O W R  AUTHORITY 
BASE BOILER 9 I D  

C O d L  SPZCIFICATIONS 
Appendix 1 

A. Coal-General 

The b a s e   f u e l  w i l l  be  subbituminous  coal  from  the  Hat 

Creek su r face  d e ,  P i t  No. 1. 

3. Coal   Sizinq 

Coa l   s i z ing  w i l l  be  nominal minus 50 mm ( 2 . 0  i nches ) .  

C.  Types  of  Coal 

There   a re   th ree  types of   Hat   Creek  coal   to  be u t i l i z e d  

and these are   designated  as   fol lows:  

Type 
Performance  Blend 
Design  Worst  Coal 
D-Zone MCS 

The perfornance  blend  type  shal l  be  used  as the performance  coal 

for guarantees  of u n i t  'ihermal e f f i c i e n c y  and fans ,   purqs ,   pu l -  

ver izers ,   auxi l ia ry   horsepower   requi rements ,   e tc .  

The b o i l e r   s h a l l  be des igned   t o  u t i l i z e  each  of  the  three 

types  of  coal,   or  any  combination of mixtuxes  of  the three types  of 

c o a l ,  and o p e r a t e   a t  m a x i m u m  continuous  load w i t h  ample pu lve r i ze r  

c a p a c i t y  and wi thou t   s e r ious   s l agg i !g   o r   fou l ing  of   gas-s ide  surfaces .  



I 
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D.  Bulk  Densitv 

The bulk densit ies t o  be used a re   as  follows: 

Equipment 
Belts o r  Feeders 
Bins 

Lbs./Cu. F t .  

5 0  
68-70 

E. Coal  Analvsis 

Hat   Creek  coal   analyses   are  on an "as-received  basis ."  

Values   in   parentheses   are  on a "d ry   bas i s   (mo i s tu re   f r ee )  ." 
Equi l ib r ium  mis tu re   con tex i t  is  a func t ion  of t he  ash con ten t  of 

t h e  coal .   Hardgrove  Gri idabi l i ty   Index ( H G I )  is a function  of the 

moisture   content  and the ash   conten t  of the coa l .  The H G I  used 

were those  determined a t  about the mid-moisture  content of the coa l .  

Analyses  are in accordance w i t h  c u r r e n t  ASTM s tandards .  

Wnere no ASTM s t a n d a r d s   e x i s t ,   a n a l y s e s   a r e  i n  accordance wi th  

methods or  procedures L~I use by t h e  Commercial  Testing & Engineering 

Company. 



p r * r  Co.1) 
D..ign 

1 2 . 7  
22.3 
l b . 0  
21.0 
IP.5 
31.1 

0 .1  
1.1 

0.01 
0.33 

11.62 

11.11 
3 ,  465 

69 

Sl.8 
18.9 

1.0 

8.6 

3.1 
1.7 

0.80 

1.18 

0.15 

1.13 
1.80 

0.06 

0.16 
0.37 
0.02 

Il*O.L3OW 
kn:. 

1190-L:OW 
1110-1300. 
1270-1500. 
I3oo-lsooc 
1330-lJ00- 
1360-13OW 
1390-1500. 

~. 
3.0 

31.1 

17.3 

1.0 

7.2 
1.9 

1.1 

2.93 

0.33 
0.09 

0.10 

1.10 

0.06 

0. 30 4.50 
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Coal Specifications f o r  Dust Collection System 



BRITISH COLUMBIA XY3RO AND POWEFi ALTHORITI 

COAL SPECIFICATIONS FOR DUST COLLECTION SYSTEM 

HAT CREEK COAL Appendix 2 

The g r a i n   l o a d i n g   t o   t h e   d u s t   c o l l e c t i o n   s y s t e m   s h a l l   b e   b a s e d  upon 

22.0 p e r c e n t   e x c e s s   a i r   a t   t h e   e c o n o m i z e r   o u t l e t   w i t h  100 p e r c e n t   o f   a s h   f i r e d  

as c a r r y o v e r   f l y   a s h   f r o m   t h e   f o l l o w i n g   c o a l :  

- I tern 

Moisture ,  7. 
Ash, 7. 
S u l f u r ,  7. 
GCV, MJlKg 

Ash Ana lys i s ,  7. 
sioz 
AL203 
TiOZ 

Fe203 
CaO 

MgO 
NaZO 

K2° 
s03 

Mn304 
' 2 ' 5  

"2'5 
(Undetermined) 

18.0 
35.2 

12.33(5,300 B t u b b . 1  
0.33 

50.1 
34.1 

0.9 

6 . 4  

2.7 

1.4 

0.54 

0.76 
1.60 

0.39 
0.01 

0.05 
1.05 
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Coal S p e c i f i c a t i o n s  for  P u l v e r i z e r   S y s t e m  



BRITISH COLUMBIA HYDRO AND POWER AUTHORITY 

corn SPECIFICATIONS - PULVERIZER SYSTEM 

HAT CREEK COAL Appendix 3 

Fineness 
%-200 Mesh % + 5 0  Mesh 

7 5  Micrometers 300 Micrometers 
Type Coal Minimum M a x i m u m  

Design (worst Coal) 70 
P e r f d r m c e  Blend 7 0  
D-Zone MCS 6 5  

1.0 
1.0 
2.0 

Drying  Cspabi l i ty  

p u l v e r i z e r   d r y i n g   c a p a b i l i t y   s h a l l  be designed  to  evapo- 

r a t e  a minimum of twelve ( 1 2 )  moisture   points   f rom  the  coal ,   i .e .1  

from 2 3 . 5 3  mois tu re   t o  1 1 . 5 %  m o i s t u r e ;   a d d i t i o n a l   d r y i n g   c a p a b i l i t y  

provided w i l l  be eva lua ted .  

Mill S e t t i n g  Data 

The p u l v e r i z e r   s y s t e m   s h a l l  be s i z e d  to c a r r y  maximm 

cont inuous   load ,   wi th   one   pu lver izer   ou t   o f   se rv ice ,   for   coa l   having  

a Hardgrove  Grindabili ty  Index Of 4 5  and a Gross   Calor i f ic   Value Of 

5 , 9 5 5  Btu / lb .   a f t e r  an  average  wearing-in .time Of four  ( 4 )  months 

f o r  the  remaining mills i n  s e rv i ce .  
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Appendix 4 

(I 

The fo l lowing   bo i le r   des ign   cons ieera t ions   a re  l is ted:  

I 

I 

I 

I 

rl 

1. NO d i v i s i o n   w a l l  i n  furnace  nor  suspended  surface i n  

upper  furnace,   such as, p l a t e n s ,   p a n e l s ,   c u r t a i n  

w a l l s ,   e t c .  

2 .  Furnace   p l an   hea t   r e l ease   r a t e :  1 , 5 0 0 , 0 0 0  

Btu/sq. f t . / h r . ,  maximum, where a rea   equals   furnace  

width x depth. 

Note:  For release r a t e s  used .   here in   the   3 tu   input  i s  

tha t   hea t   i npu t   f rom the coa l .  

3 .  Burner   zone  heat   re lease  ra te :  400 ,000  

.Btu/sq.  ft./hr.,  maximm, where  burner  zone he igh t  is  

c e n t e r l i n e s  of  bottonl  row t o   t o p  row of   coa l   nozz les  

p lus  1 0  fee t   o f   e leva t ion   above   the   top  row and wall 

su r face  is the f l a t  p ro jec ted  surface or  pe'rimeter  of 

furnace.  

4 .  F l u e   g a s   t e r p e r a t u r e   e n t e r i n g   f i r s t   c o n v e c t i o n  bank: 

1 0 6 6 O C  (195OOF) HVT, maximum. This t e q e r a t u r e  limit 

is described as  t h e  average   f lue   gas   t empera ture   a t  a 

point   one-half   across   the wid th  of the furnace  and 



I 

I 

II 

I 

I 

I) 

one-half way ac ross   t he   dep t l  of  the  furnace and a t  a 

p o i n t   e n t e r i n g  the  f i rs t  row (lowermost) of h o r i z o n t a l  

t u b e s ,   f o r  a tower  type  boiler.   For  boilers  arranged 

w i t h  ve r t i ca l   t ube   banks  i n  the  high  f lue  gas  tempera- 

t u re   zone l  t h i s  temperature limit i s  descr ibed   as  t h e  

average   f lue   gas   t empera ture   a t  a point  one-half  way 

across   the  width of the  furnace  (convection  pass)  and 

one-half way up the   ve r t i ca l   convec t ion   pas s  and a t  a 

p o i n t   e n t e r i n g  t h e  f i rs t  v e r t i c a l  row  of v e r t i c a l   t u b e s  

nearest the  furnace.  

5 .  Flue  gas   ve loc i ty  m a x i m u m ,  a t  22 .0  percent   excess  a i r  

a t  economizer   ou t le t ,  is 10.7 meters  per  second (35.0 

feet  per   second) .  

6 .  Furnace  hopper  opening, 4 8  inches , minimum. 

7 .  Distance  f rom  center l ine  of   lower   burner  row t o  hopper 

work point   (knuckle)  is 1 4 . 0  fee t ,  minimum ( to   p rov ide  

c l e a r a n c e   f o r  one row of wallblowers) . 
0. Flue   gas   r ec i r cu la t ion  is  n o t   t o  be used  for  steam 

tempera tu re   con t ro l   o r   con t ro l  of  combustion i n  the 

base bid. If f l u e   g a s   r e c i r c u l a t i o n  is used in an 

a l t e r n a t e  b i d ,  t h e   f l u e  gas take-off sha l l  be downstream 

of t h e  main d u s t   c o l l e c t o r .  



9. N O  water blowers o r   wa te r   a s s i s t   b lowers  of  any type 

w i l l  be  used. 

I 

I 

I 

1 0 .  Coal  feeders  of t h e  grav imet r ic  type, Stock Z’quipment 

Company f e e d e r ,   o r   e q u i v a l e n t ,  with a ninimun b e l t  

wid th  of 36 Liches  are  preferred.   European  type  coal 

f eede r s  w i l l  be a c c e p t a b l e   f o r   a l t e r n a t e  bids.  

11. Ash handl ing  equipment   for   furnace  hopper   mater ia l  

w i l l  be  of  the  continuous  removal  type.’ Design s h a l l  

be f o r  5 0  percent  of the  ash in coal   f i red   as   bo t tom  ash .  

12 .  Economizers s h a l l  be of t h e  bare tube,   i i i- l ine  type.  

13.  For   any  horizontal   tube  surface with v e r t i c a l ,  down- 

f low  f lue  gas ,   the   uppermost , row  of   tubes sha l l  con- 

t a i n   t u b e  shields over ent i re  length.  

1 4 .  I n  o r d e r   t o   r e d u c e   f u e l  o i l  demand, a direct i g n i t i o n  

coal f i r e d   s y s t e m  w i l l  be considered.  The Zone D MCS 

c o a l   ( s p e c i f i c a t i o n )  may be u s e d   f o r   t h i s   t y p e   i g n i t i o n  

system. 

15. The a i r  p r e h e a t e r s   s h a l l  be designed  to   handle  a 1 .0  

pe rcen t   su l fu r   con ten t ,   a s - r ece ived   bas i s .  

I 
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