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Dear G i l :  

W i t h  t h i s  l e t t e r  p l e a s e  a c c e p t  t e n  c o p i e s  o f  t h e  f i n a l  r e p o r t ,  
"Pre l iminary  F e a s i b i l i t y  Study of a  Coal  Mine a t  C h i c a g o  Creek . "  The 
o r i g i n a l s  f o r  b o t h  t h i s  r e p o r t  and t h e  summary r e p o r t  a r e  a l r e a d y  i n  
y o u r  hands. 

The r e s u l t s  o f  o u r  s t u d y  a r e  v e r y  e n c o u r a g i n g .  T h i s  i s  n o t  t o  s a y  
t h a t  we have p roven  C h i c a g o  C r e e k  t o  b e  e c o n o m i c a l l y  v i a b l e ,  b u t  we 
a r e  much c l o s e r  t o  d o i n g  s o .  I n  a d d i t i o n ,  I b e l i e v e  we have d e f i n e d  
most of  the c r i t i c a l  e l e m e n t s  and how t h e y  v a r y  w i t h  e n e r g y  n e e d s .  
W i t h  o u r  1985  d r i l l i n g  p r o g r a m  we h a v e  shown t h a t  t h e  Chicago Creek 
d e p o s i t  i s  l a r g e  e n o u g h  t o  f u l f i l l  t h e  e n e r g y  r e q u i r e m e n t s  o f  
K o t z e b u e ,  t h e  Red Dog M i n e ,  and o t h e r  v i l l a g e s  f o r  a t  l e a s t  s e v e r a l  
decades .  Pe rhaps  more i m p o r t a n t l y ,  we h a v e  d e m o n s t r a t e d  a  v e r y  l o w  
s t r i p p i n g  r a t i o  1 7 :  i n i t i a l  p i t  a t  t h e  s o u t h e r n  end o f  t h e  
d e p o s i t .  

Our c a l c u l a t i o n e  w h i c h  i n c l u d e  o p e r a t i o n a l  c o s t s ,  c a p i t a l  c o s t s  o f  
e q u i p m e n t  and c o n s t r u c t i o n ,  and f i n a n c i n g  o f  t h e  m i n e ,  p o r t s ,  a n d  
g e n e r a t i o n  f a c i l i t y  a t  K o t z e b u e  s u g g e s t  t h a t  e n e r g y  can  be d e l i v e r e d  
t o  t h e  u t i l i t y  a t  a  c o s t  w h i c h  i s  v e r y  c l o s e  t o  t h a t  o f  t h e  c u r r e n t  
d i e s e l  p l a n t  ( 1 5  c e n t s / k i l o w a t t  h o u r ) .  T h i s  assumes t h a t  we d e l i v e r  
o n l y  e l e c t r i c a l  n e e d s  ( n o t  h e a t )  a n d  t h a t  we s u p p l y  o n l y  t h e  
e l e c t r i c a l  demand o f  K o t z e b u e .  Under s u c h  c o n d i t i o n s ,  t h e  r e q u i r e d  
p r o d u c t i o n  r a t e  f r o m  C h i c a g o  C r e e k  i s  r e l a t i v e l y  low,  and  t h e  u n i t  
p r i c e  o f  t h e  c o a l  i s  f a i r l y  h i g h  ( $ 9 6 / t o n  d e l i v e r e d  t o  s t o c k p i l e  i n  
Kotzebue). Such c o s t s  do n o t  j u s t i f y  c o n v e r s i o n ,  p a r t i c u l a r l y  i n  t h e  
f a c e  o f  d e c l i n i n g  p e t r o l e u m  p r i c e s .  An i m p o r t a n t  p o i n t  i s  t h a t  f o r  
t h i s  s c e n a r i o  c o a l s  o t h e r  t h a n  Chicago Creek c o a l  m i g h t  b e  o b t a i n a b l e  
a t  a  l o w e r  c o s t  a n d  t h u s  a  c o a l - f i r e d  f a c i l i t y  m i g h t  s t i l l  b e  
c o m p e t i t i v e  w i t h  a  d i e s e l - f i r e d  one .  We a l s o  c o n s i d e r e d  a  c a s e  i n  
w h i c h  t h e  Red Dog Mine was t i e d  t o  Kotzebue w i t h  a  t r a n s m i s s i o n  l i n e .  
When t h i s  load  was a d d e d ,  t h e  economics  c h a n g e d  s u b s t a n t i a l l y .  The 
d e l i v e r e d  c o s t  o f  c o a l  a t  t h e  h i g h e r  p r o d u c t i o n  r a t e  d e c r e a s e d  t o  
$42 / ton ,  and t h e  accompany ing  s h i f t  i n  t h e  d e l i v e r e d  c o s t  o f  e n e r g y  
was c u t  i n  h a l f .  I n  t h i s  c a s e ,  t h e  d e l i v e r e d  p r i c e  of Chicago Creek 
c o a l  becomes v e r y  a t t r a c t i v e ,  and t h e  c o s t  o f  e n e r g y  would  become low 
enough t o  compete w e l l  even w i t h  a  s u b s t a n t i a l  d r o p  i n  o i l  p r i c e .  
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Our s t u d y  i n c l u d e d  c o n s i d e r a t i o n  o f  t h e  c o s t s  o f  c o n s t r u c t i o n  of a  
t r a n s m i s s i o n  l i n e  from Kotzebue t o  Red Dog. The c o s t r  o f  t h i s  l i n e ,  
when a d d e d  t o  t h e  p r i c e  of producing energy i n  Kotzebue, could  d e l i v e r  
e n e r g y  t o  Red Dog a t  a  p r i c e  o f  a b o u t  11 c e n t s / k i l o w a t t  h o u r .  
C o n s i d e r i n g  t h e  a l t e r n a t i v e s ,  w e  b e l i e v e  t h i s  p r i c e  would  b e  v e r y  
a t t r a c t i v e  t o  t h e  ope ra to r e  of t h e  Red Dog Mine. 

A d d i t i o n a l  e c o n o m i c s  o f  m i n e  o p e r a t i o n  a r e  p o s s i b l e  s h o u l d ,  f o r  
i n s t a n c e ,  l o c a l  p l a c e r  mine o p e r a t i o n s  be combined w i t h  C h i c a g o  C r e e k  
s o  t h a t  e q u i p m e n t  and manpower a r e  more f u l l y  u t i l i z e d .  A n o t h e r  
p o s s i b i l i t y  i s  f o r  t h e  mine owner t o  p u r c h a s e  and o p e r a t e  i t s  o v n  
b a r g e  t r a n s p o r t a t i o n  system. 

We c o n c l u d e  t h a t  we have  i d e n t i f i e d  a  p o t e n t i a l l y  v i a b l e  method of 
deve lop ing  t h e  Chicago Creek c o a l s  wh i l e  b r i n g i n g  some r e a l  b e n e f i t  t o  
t h e  K o t z e b u e  and t h e  Nor thwes t  r e g i o n .  We have enjoyed working w i t h  
you and t h e  DGGS personnel .  Best o f  l u c k  i n  t h e  f u t u r e ,  

S i n c e r e l y ,  

Rober t  M. Re the r fo rd  J 

RMR/ skg  

Enc lo su re s  
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Most Important  F ind ings  

Baeed on 1985 and p r e v i o u s  d r i l l i n g  programs, t h e  p o t e n t i a l l y  m i n e a b l e  

i d e n t i f i e d  c o a l  r e e o u r c e  a t  Ch i cago  C r e e k  i s  e s t i m a t e d  t o  be about  

4.7 m i l l i o n  s h o r t  t o n e ,  o f  w h i c h  1 .5  m i l l i o n  may b e  m i n e d  a t  a  

s t r i p p i n g  r a t i o  o f  1 . 7 : l .  The r e m a i n i n g  3.2 m i l l i o n  s h o r t  t o n s  of  

c o a l  would h a v e  a  s t r i p p i n g  r a t i o  i n  t h e  r a n g e  o f  4 : l  t o  5 : l .  The 

h e a t i n g  v a l u e  o f  C h i c a g o  C r e e k  c o a l  a v e r a g e d  6 , 8 0 0  ~ t u / l b .  on a n  
'L 

as - rece ived  b a s i s ,  b u t  t h e  samples c o n t a i n e d  e x c e s s  s u r f  a c e  m o i s t u r e  

a n d  t h e  a c t u a l  h e a t  c o n t e n t  of  t h e  mined c o a l  would p robab ly  be c l o s e r  

t o  7,500 ~ t u / l b .  O t h e r  p a r a m e t e r s  o f  t h e  c o a l  a r e  c o m p a t i b l e  w i t h  

p r o p o s e d  t h e r m a l  u s e :  Ash a v e r a g e s  about 8X, s u l f u r  about  0.8%, and 

f u s i b i l i t y  t e m p e r a t u r e s  a l l  i n  excess  of 2 2 0 Q 0 ~ .  

A r e v i e w  o f  c u r r e n t  and  f u t u r e  growth t r e n d s  and energy  r equ i r emen t s  

f o r  t h e  c i t y  o f  Kotzebue s u g g e s t s  moderate con t i nued  growth.  By 1990 ,  

when t h e  30-year  p e r i o d  assumed f o r  t h i s  r e p o r t  b e g i n s ,  t h e  e l e c t r i c a l  

needs  of Kotzebue (no t  i n c l u d i n g  h e a t i n g )  could  b e  s a t i s f i e d  by 23,000 

t o n s  o f  C h i c a g o  C r e e k  c o a l  ( a s s u m i n g  6500  B t u / l b .  and  25% p l a n t  

e f f i c i e n c y )  T h i r t y  y e a r s  l a t e r  (20201 ,  t h e  e n e r g y  n e e d s  may e x c e e d  

1 5 0 , 0 0 0  t o n e  p e r  y e a r .  To s i m p l i f y  m i n i n g ,  t r a n s p o r t a t i o n  and  

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

t h a n  an  a c c e l e r a t i n g  r a t e  o f  p r o d u c t i o n  w h i c h  i s  a n  a v e r a g e  of t h e  

t o t a l  f o r e c a s t  r equ i r emen t  ove r  30 years .  We have  assumed two p r i m a r y  

c a s e s :  o n e  b a s e d  o n  t h e  r e q u i r e m e n t s  o f  K o t z e b u e  a l o n e  ( 5 0 , 0 0 0  

t o n s / y e a r  a v e r a g e ) ,  a n d  t h e  o t h e r  b a s e d  o n  s u p p l y i n g  t h e  



e l e c t r i c a l - e n e r g y  r e q u i r e m e n t s  o f  both Kotzebue and t h e  propoeed Red 

Dog Mine u s i n g  a n  a v e r a g e  o f  1 5 0 , 0 0 0  t o n s  o f  c o a l  p e r  y e a r .  A 

s i m p l i f  i a d  f i n a n c i a l  a n a l y  s i s  was  m a d e  o f  t h e  c o a l - m i n i n g ,  

coal -burning,  and e l e c t r i c a l - g e n e r a t i o n  sys tems a t  t h e  two p r o d u c t i o n  

r a t e s .  T h e  a n a l y s i s  a s sumed  10.5% i n t e r e s t ,  f u l l  c a p i t a l i z a t i o n  

w i t h i n  t w o  y e a r s ,  a m o r t i z a t i o n  o v e r  30 y e a r s ,  1 5 %  r e t u r n  o n  

inves tment ,  and no i n f l a t i o n  o r  r o y a l t i e s .  

'L 

Mining c o s t  e s t i m a t e s  assumed modern open-pit  min ing  methods ,  p u r c h a e e  

o f  new e q u i p m e n t ,  and  maximum u t i l i z a t i o n  o f  l o c a l  l a b o r .  Est imated 

mining c o s t s ,  i n c l u d i n g  d e l i v e r y  of t h e  c o a l  t o  a  s t o c k p i l e  1 0  m i l e s  

n o r t h  on  t i d e w a t e r  a t  W i l l o w  Bay,  would r a n g e  f r o m  $ 2 8 / t o n  a t  t h e  

h i g h e r  p r o d u c t i o n  r a t e  t o  $74 / ton  a t  t h e  l o w e r  p r o d u c t i o n  r a t e .  The 

e s t i m a t e d  c o s t  o f  t r a n s p o r t i n g  t h e  c o a l  by b a r g e  f rom Willow Bay t o  

Kotzebue and d e l i v e r i n g  i t  t o  a  cove red  s t o c k p i l e  v a r i e s  f r o m  $14 t o  

$22 / t on  a t  t h e  h i g h e r  and lower  p roduc t i on  r a t e s ,  r e s p e c t i v e l y .  

Comparison o f  c o s t s  b e t w e e n  (1) power g e n e r a t i o n  a t  mine-mouth and 

t r a n s m i t t i n g  power  by  w i r e  t o  K o t z e b u e ,  and  ( 2 )  power g e n e r a t i o n  a t  

Kotzebue showed t h a t  e l e c t r i c a l  t r a n s m i s s i o n  was  n o t  an  e c o n o m i c a l l y  

d e s i r e a b l e  a l t e r n a t i v e .  The c o s t  of t r a n s m i t t i n g  power t o  t h e  Red Dog 

Mine  f rom a  K o t z e b u e - b a s e d  p l a n t ,  h o w e v e r ,  a p p e a r s  t o  b e  v e r y  

c o m p e t i t i v e  w i t h  a n  o w n e r - o p e r a t e d  f a c i l i t y  a t  Red Dog. The s tudy  

a l e o  i n d i c a t e d  t h a t  t h e  t r a n s m i s s i o n  o f  power  t o  o t h e r  n o r t h w e e t  

A l a s k a n  v i l l a g e s  n e a r  K o t z e b u e  was c o s t l y ,  bu t  so  i s  t h e  a l t e r n a t i v e  

of e q u a l i z e d  ( s u b s i d i z e d )  v i l l a g e  power. 



A p o w e r  p l a n t  l o c a t i o n  n e a r  K o t z e b u e  was b a s e d  o n  t h e  f o l l o w i n g  

a r g a m e n t b :  (1 )  b a r g i n g  t h e  c o a l  w a s  f o u n d  t o  b e  c h e a p e r  t h a n  

t r a n s m i t t i n g  t h e  e n e r g y ,  ( 2 )  c o n s t r u c t i o n  and o p e r a t i o n a l  c o s t s  f o r  a 

p l a n t  a t  C h i c a g o  C r e e k  w o u l d  b e  h i g h e r  t h a n  a t  K o t z e b u e ,  a n d  

( 3 )  i n t e g r a t i o n  w i t h  t h e  e x i s t i n g  power  s y s t e m  w o u l d  b e  s i m p l e r .  

A p p r a i s a l  of  a l t e r n a t i v e  p l a n t  c o n f i g u r a t i o n s  s u g g e s  t s  t h a t  c u r r e n t l y  
'b 

a v a i l a b l e  r e b u i l t  g e n e r a t i n g  f  a c i l i t i e s  c o u l d  b e  i n s t a l l e d  much l e s s  

e x p e n s i v e l y  t h a n  c o u l d  new e q u i p m e n t .  I n  a d d i t i o n ,  s i n c e  o l d e r ,  

r e b u i l t  s y s t e m s  t e n d  t o  be  s m a l l e r ,  m u l t i - b o i l e r  u n i t s ,  t h e y  would b e  

more a d a p t a b l e  t o  t h e  n e e d e  o f  a n  e x p a n d i n g  K o t z e b u e .  We t h e r e f o r e  

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

demand s c e n a r i o s .  One a l t e r n a t i v e  a s s u m e s  t h e  p o w e r  i s  g e n e r a t e d  by 

n e w l y  m a n u f a c t u r e d  b o i l e r s  o f  10MW c a p a c i t y ;  t h e  o t h e r  a l t e r n a t i v e  

assumes  s m a l l e r  ( r e b u i l t )  7.5KW b o i l e r s .  

F i n a l l y ,  t h e  c o s t  p e r  k i l o w a t t  h o u r  f o r  e n e r g y  a t  t h e  b u s - b a r  was 

c a l c u l a t e d  f o r  t h e  v a r i o u s  c a s e s .  C o s t s  r a n g e d  f r o m  $0.18 t o  $0.07 

p e r  Kwh, d e c r e a s i n g  s u b s t a n t i a l l y  f o r  t h e  h i g h e r  demand c a s e .  I n  

compar i son  w i t h  t h e  a c t u a l  c o s t  o f  d i e s e l  p o w e r e d  g e n e r a t i o n  i n  1 9 8 4  

o f  $ 0 . 1 5 5 ,  t h e  c o a l - f i r e d  f a c i l i t y  w o u l d  o n l y  b e  m a r g i n a l l y  

c o m p e t i t i v e  w i t h  d i e s e l  a t  t h e  5 0 , 0 0 0  t o n l y e a r  p r o d u c t i o n  r a t e .  

H o w e v e r ,  p r o v i d i n g  power t o  Red Dog and u s i n g  a r e b u i l t  p l a n t  f a c i l i t y  

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

d e s p i t e  d e c l i n i n g  o i l  p r i c e s .  The power c o u l d  b e  t r a n s m i t t e d  t o  t h e  



Red Dog Mine f o r  a  c o s t  of about  $0.03, r e s u l t i n g  i n  a  t o t a l  d e l i v e r e d  

c o s t  of around $0.11 p e r  k i l o w a t t  hour. 

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

c o a l - f i r e d  g e n e r a t i o n  is an  a t t r a c t i v e  a l t e r n a t i v e  f o r  Kotzebue and 

t h a t  a mine a t  Chicago Creek could p rov ide  t he  c o a l .  C o a l  c o u l d  . a l s o  

b e  s u p p l i e d  f r o m  more d i s t a n t  s o u r c e s ;  a t  e n e r g y  r e q u i r e m e n t s  o f  

50,000 t o n s  o r  l e s s  t h e  d e l i v e r e d  c o s t  p e r  t o n  o f  o t h e r  c o a l  would 
's 

mos t  p r o b a b l y  be  c h e a p e r .  I n  f a c t ,  i t  i s  a lmos t  c e r t a i n  t h a t  smal l  

amounts o f  l e s s  expens ive  c o a l  f rom more d i s t a n t  s o u r c e s  c o u l d  make 

c o a l - f  i r e d  g e n e r a t i o n  a t t r a c t i v e  f o r  Kotzebue w i t h o u t  t h e  added load 

of  Red Dog. A t  a h i g h e r  r a t e  o f  p r o d u c t i o n  h o w e v e r ,  a s  r e q u i r e d  by 

t h e  combined  e n e r g y  r e q u i r e m e n t s  o f  b o t h  Ko tzebue  and  Red Dog, t h e  

C h i c a g o  C r e e k  c o a l s  would  become v e r y  c o m p e t i t i v e  a t  a n  e s t i m a t e d  

$42 /  t o n  d e l i v e r e d  o r  an e q u i v a l e n t  $3,20/mil l i o n  Btu's . 

T h i s  s t u d y  i s  a  p r e l i m i n a r y  one ,  and changes i n  t h e  a s s u m p t i o n s  would 

a f f e c t  t h e  r e s u l t s .  Some of t h e  f a c t o r s  t h a t  could  i n c r e a s e  t h e  c o s t  

i n c l u d e :  ( 1 )  t h e  i n c r e a s i n g  c o s t  o f  m e e t i n g  e n v i r o n m e n t a l  

r e g u l a t i o n s - - e . g . ,  Surf  a c e  Mining Act and EPA A i r  Q u a l i t y  Regu la t i ons  ; 

( 2 )  l o w e r  f u t u r e  energy r e q u i r e m e n t s  o f  K o t z e b u e ,  and ( 3 )  l o w e r  t h a n  

p r e d i c t e d  a s  mined c o a l  q u a l i t y .  On t h e  o t h e r  hand,  o t h e r  p o t e n t i a l  

d i f f e r e n c e s  o r  a l t e r n a t i v e s  could enhance t h e  economics o f  t h e  C h i c a g o  

C r e e k  c o a l .  T h e s e  i n c l u d e :  (1)  a  p o s s i b l e  h i g h e r  a v e r a g e  h e a t  

c o n t e n t  of  t h e  c o a l  sugges t ed  by d i f  f e r e n c e s  b e t w e e n  a s - r e c e i v e d  and 

e q u i l i b r i u m  bed  m o i s t u r e ,  ( 2 )  t h e  e f f e c t  of  b a r g e  o w n e r s h i p  by t h e  



mining company o r  u t i l i t y  a s  opposed t o  t h e  c o n t r a c t u r a l  a r r a n g e m e n t  

c o n s i d e r e d  h e r e ,  ( 3 )  a d d i t i o n a l  demand f o r  c o a l  f o r  d i r e c t  h e a t i n g ,  

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

b e g i n n i n g  w i t h  a  s m a l l e r  o p e r a t i o n  w i t h  accompanying s m a l l e r  c a p i t a l  

o u t l a y .  I f  indeed  t h i s  c a se  i s  more r e a l i s t i c  and energy r e q u i r e m e n t s  

c o n t i n u e d  t o  grow a s  p r e d i c t e d ,  t h e  c o s t s  of f i n a n c i n g  would dec rea se .  

O v e r a l l ,  t h e  e s t i m a t e s  con ta ined  h e r e i n  a r e  cons idered  t o  b e  w i t h i n  1 5  
l 

o r  20 p e r c e n t .  I f  we c o n s i d e r  t h e  end c o s t  of  d e l i v e r e d  energy  a s  

c a l c u l a t e d  and a p p l y  a  20% f a c t o r  f o r  e r r o r ,  t h e  l o n g - r a n g e  e n e r g y  

o p t  i o n  o f  c o a l - f  i r e d  g e n e r a t i o n  f o r  Kotzebue s t i l l  remains  worthy of 

c o n s i d e r a t i o n .  
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XNTRODUCTIOB 

This  r e p o r t  a n a l y z e r  t h e  f e a s i b i l i t y  of  p r o v i d i n g  e l e c t r i c a l  power f o r  

Kot zebue  and n e a r b y  v i l l a g e r  u s i n g  c o a l  mined a t  Chicago Creek,  sou th  

of Kotzebue Sound. The etudy war coo rd ina t ed  by Hawley Reeou rce  g r o u p  

I n c .  a n d  p e r f o r m e d  by t h e i r  p e r s o n n e l  and a  g r o u p  o f  e n g i n e e r i n g  

c o n s u l t a n t s  w i t h  Alaska  e x p e r i e n c e  i n  g e o t e c h n i c a l  e v a l u a t i o n ,  c o a l  

m i n i n g ,  and e l e c t r i c a l  power g e n e r a t i o n  and t r ansmis s ion .  The s tudy  

draws on t h e  r e s u l t s  of two seasons  o f  f i e l d  work by Hawley R e s o u r c e  

Group,  i n c l u d i n g  d r i l l i n g ,  g e o l o g i c  m a p p i n g ,  down-hole and s u r f a c e  

geophys i ca l  s u r v e y s ,  and f rom p r e v i o u s  s t u d i e s  o f  t h e  c o a l  r e s o u r c e  

and e l e c t r i c  power  a l t e r n a t i v e s .  The p r o j e c t  was performed under  t h e  

p r o v i s i o n s  o f  C o n t r a c t  No. CClQ-0071, a d m i n i s t e r e d  by t h e  D i v i s  i o n  o f  

G e o l o g i c a l  and Geophysical  Surveys o f  t h e  Alaska  Department of N a t u r a l  

Resources.  

Loca t i on  

The C h i c a g o  Creek  c o a l  d e p o s i t  i s  on t h e  n o r t h e a s t e r n  p a r t  o f  Alaska's 

Seward P e n i n s u l a ,  abou t  70 m i l e s  s o u t h  o f  K o t z e b u e  ( ~ i ~ u r e  1).  The 

p r o p o s e d  mine  s i t e  i s  on  Ch icago  Creek,  about  1.25 m i l e s  e a s t  of i t s  

c o n f l u e n c e  w i t h  t h e  Kugruk R i v e r ,  and a b o u t  e i g h t  m i l e s  s o u t h  o f  

Willow Bay on Kotzebue Sound. 



'l. 

Figure I :  INDEX MAP 



Access 

A t  p r e s e n t  t h e  most common acces s  t o  t h e  Chicago Creek a r e a  i s  by a i r .  

L i g h t  a i r c r a f t  c a n  l a n d  a t  a  1 ,200 - foo t  g r a v e l  a i r s t r i p  a t  a  g o l d  

p l a c e r  mine on t h e  Kugruk River ,  This  s t r i p  is  p r i v a t e  and pe rmi s s ion  

i s  r e q u i r e d  f o r  i t s  use .  The mine and a i r s t r i p  a r e  a b o u t  1,s m i l e 8  

f r o m  t h e  p r o j e c t  s i t e ,  V e h i c l e s  and o t h e r  heavy cargo  must be f lown 

t o  a 5,000-foot a i r s t r i p  ( a l s o  ~ r i v a t e )  a t  C a n d l e ,  a b o u t  15  m i l e s  t o  

t h e  e a s t ,  and  t r a n s p o r t e d  t o  t h e  Chicago Creek a r e a  over  an e x i s t i n g  I 

t r a c t o r - t r a i l  system. 

Land S t a t u s  

The l a n d s  o f  t h e  C h i c a g o  Creek Coal F i e l d  ( ~ i g u r e  2)  were s e l e c t e d  by 

NANA R e g i o n a l  N a t i v e  C o r p o r a t i o n  and t h e  v i l l a g e  c o r p o r a t i o n  o f  

D e e r i n g  u n d e r  t h e  t e r m s  o f  t h e  A la skan  N a t i v e  Claims Se t t l emen t  Act 

(ANCSA), The l a n d s  h a v e  been  conveyed o n  a n  i n t e r i m  b a s i s  t o  t h e  

c o r p o r a t i o n s  b y  t h e  U.S. B u r e a u  o f  L a n d  M a n a g e m e n t .  A l t h o u g h  

t e c h n i c a l l y  t h e  s u b s u r f a c e  resources  belong t o  NANA and t h e  s u r f a c e  t o  

t h e  v i l l a g e ,  N A N A  a n d  i t s  v i l l a g e s  h a v e  a  c o o p e r a t i v e  a g r e e m e n t  

r e g a r d i n g  a u t h o r i z a t i o n  o f  u s e s  of  t h e  s u r f a c e  and  s u b s u r f a c e  o f  

n a t i v e  c o n v e y e d  l a n d .  NANA, Kotzebue, and o t h e r  nearby  v i l l a g e s  have 

a  s t r o n g  i n t e r e s t  i n  deve lopmen t  o f  l o c a l  c o a l  r e s o u r c e s  and h a v e  

d e s i g n a t e d  an a c c e s s  r o u t e  t h r o u g h  t h e i r  p r o p e r t y  from Chicago Creek 

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



Figure 28 LAND STATUS OF THE CHICAGO CREEK AREA 



A c t i v e  f e d e r a l  mining c l a ims  ( p l a c e r  g o l d )  p e n d i n g  p a t e n t  and n a t i v e  

a l l o t m e n t  a p p l i c a t i o n s  e x i s t  n e a r  t h e  c o a l  f i e l d .  Both  c la im8 and 

a l l o t m e n t s  may become f e e  s imp le  l a n d ;  t h e s e  t r a n s f e r s  would  h a v e  no 

b e a r i n g  o n  t h e  Chicago Creek Coal Mine s i t e  p r o p e r  bu t  cou ld  i n f l u e n c e  

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

H i s t o r y  of t h e  Chicano Creek Coal Mink 

* $ 

C o a l  was f i r s t  d i s cove red  on Chicago Creek by g o l d  p r o s p e c t o r s  i n  1902 

( M o f f i t t ,  1906). Some development work was done t h a t  y e a r ,  b u t  t h e r e  

was l i t t l e  demand f o r  t h e  c o a l  u n t i l  t h e  w i n t e r  of  1904-1905 when gold  

was d i s cove red  on t h e  t e r r a c e s  above C a n d l e  C r e e k  a n d  t h e  n e e d  a r o s e  

f o r  a  s o u r c e  o f  f u e l  f o r  s t e a m - t h a w i n g  o f  p l a c e r  g r o u n d .  The coa l  

d e p o s i t  was s t a k e d  i n  1905 and t h e  mine began p r o d u c t i o n  i n  1908. 

The  mine  o p e r a t e d  d u r i n g  t h e  w i n t e r  months o n l y  and was s e a l e d  i n  t h e  

summer, p robab ly  t o  p r e v e n t  thawing and subsequen t  i n s  t a b  i l i t y  o f  t h e  

w o r k i n g s .  I n  1 9 0 8  t h e  c o a l  was be ing  mined t h rough  a  330-foot  s h a f t  

which was i n c l i n e d  a t  an ang l e  o f  1 8  t o  36 d e g r e e s  t o  a  d e p t h  o f  a b o u t  

2 0 0  f e e t   ensha haw, 1 9 0 9 ) .  C o a l  was b e i n g  mined  a t  f o u r  l e v e l s  a t  

d e p t h s  o f  33, 80,  100,  and 144 f e e t .  The m i n e  h a d  a n  e s t i m a t e d  t o t a l  

p r o d u c t i o n  o f  a b o u t  1 0 0 , 0 0 0  t o n s  t o  1 9 1 1  when i t  was  abandoned  

(Toeages  and J o l l e y ,  1947) .  



Othe r  c o a l  miner which o p e r a t e d  i n  t h e  Chicago C r e e k  a r e a  i n c l u d e  t h e  

W a l l i n  ( o r  ~ u g r a k )  Mine and t h e  S u p e r i o r  Mine a b o u t  4 and  5 m i l e 8  

f u r t h e r  upst ream from t h e  Chicago Creek  Mine r e s p e c t i v e l y .  T h e r e  i s  

some d i s a g r e e m e n t  i n  t h e  l i t e r a t u r e  a b o u t  t h e  s i z e  of  t h e  main coa l  

seams a t  t h e s e  m i n e s ,  and t h e i r  o v e r a l l  p r o d u c t i o n  i s  q u e s t i o n a b l e  

(Dames  & M o o r e ,  1 9 8 0 ) .  However,  i t  seems c l e a r  t h a t  t h e  seam a t  

Chicago Creek was much l a r g e r  and t h a t  i t s  p r o d u c t i o n  was a t  l e a s t  an ' c 

o r d e r  o f  m a g n i t u d e  l a r g e r  t h a n  t h e  o t h e r  m i n e s  combined .  For t h i s  

r e a s o n ,  i n i t i a l  e x p l o r a t i o n  e f f o r t s  have focused  o n  t h e  C h i c a g o  Creek  

Mine. 

P rev ious  I n v e s t i g a t i o n s  

The U . S .  G e o l o g i c a l  S u r v e y  p u b l i s h e d  s e v e r a l  r e p o r t s  t h a t  d e a l t  wi th  

t h e  Seward Pen insu l a  and i t s  go ld  f i e l d s  i n  t h e  1900's; some o f  t h e s e ,  

i n  p a r t i c u l a r  t h o s e  by M o f f i t  ( 1 9 0 6 ) ,  Henshaw (1909) ,  and Smith and 

Eak in ,  (1911) ,  r e p o r t e d  on t h e  p rog re s s  of coa l  m i n i n g  i n  t h e  Ch icago  

Creek  a r ea .  

I n t e r e s t  i n  t h e  d e p o s i t  p a l e d  a f t e r  1 9 1 1 ,  b u t  a  l a t e r  r e p o r t  by t h e  

U.S. Bureau o f  Mines (Toenges  and J o l l e p ,  1 9 4 7 )  p r o p o s e d  a  d e t a i l e d  

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

home h e a t i n g  f o r  nearby v i l l a g e s .  



D u r i n g  t h e  l a t e  1970's and e a r l y  1980 's ,  t h e  S t a t e  of Alaska funded 

s e v e r a l  programs t o  i n v e s t i g a t e  new s o u r c e s  o f  e n e r g y  and  i n n o v a t i v e  

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

s t u d i e s  (R. W e  Rethe r fo rd  and A s s o c i a t e s ,  1 9 8 0 )  s u g g e s t e d  t h a t  c o a l  

c o u l d  b e  a  c o s t - e f f e c t i v e  e n e r g y  a l t e r n a t i v e  f o r  t h e  Kotzebue Sound 

a r ea .  

T h e  R e t h e r f o r d  s t u d y  s p a r k e d  i n t e r e s t  i n  t h e  c o a l  r e s e r v e s  o f  t h e  

Kotzebue a r ea .  I n  1982, a  s ta te - funded  e x p l o r a t i o n  program, i n c l u d i n g  

1 , 6 3 7  f e e t  o f  d r i l l i n g ,  was done a t  Chicago Creek by ~ e n a l i  ~ r i l l i n g ,  

I n c .  and  S t e v e n s  E x p l o r a t i o n .  Management C o r p o r a  t i o n  ( ~ a n n i n g  a n d  

S t e v e n s ,  1 9 8 2 ) .  I n  1 9 8 3 ,  a  c o n t i n u a t i o n  o f  t h e  p rog ram by C. C. 

Hawley and A s s o c i a t e s ,  I n c .  i n c l u d e d  2 ,800  f e e t  o f  d r i l l i n g  (Ramsey 

and o t h e r s ,  1983). 

The P r e s e n t  Studv 

The s t u d y  d e s c r i b e d  i n  t h i s  r e p o r t  began i n  December, 1984. Personne l  

i nvo lved  w e r e  C .  C .  Hawley,  R. M .  R e t h e r f o r d ,  T. K. Hinde rman ,  and 

J. P. Hawley,  and W .  E. Shoemaker of Hawley Resource Group, Inc . ,  and 

t h e  f o l l o w i n g  e n g i n e e r i n g  c o n s u l t a n t s  : R a l p h  R e  S t e f a n o ,  R e  W e  

R e t h e r f o r d ,  R .  W ,  C h r i s t e n s e n ,  J o h n  Wood, H e n r y  S p r i n g e r ,  and 

Thomas D. Humphrey, a l l  P r o f e s s i o n a l  Engineers .  John Reuse and B u r t o n  

G r e i s t  of  N A N A  R e g i o n a l  C o r p o r a t i o n  provided i n f o r m a t i o n  on Kotzebue 



and t h e  NANA Region ,  and Nancy Hanneman o f  F a i r b a n k s  o p e r a t e d  t h e  

down-hole geophyr i ca l  equipment. 

T h e  l a t e  R a l p h  S t e f a n o ,  o f  S t e f a n o  and A s e o c i s t e e ,  I n c . ,  war a n  

exper ienced  m e c h a n i c a l  e n g i n e e r  who had  worked i n  A l a s k a  s i n c e  t h e  

e a r l y  1950's and  was r e s p o n s i b l e  f o r  o r  i n v o l v e d  i n  t h e  d e s i g n  o f  

n e a r l y  every  coa l - f i r ed  power p l a n t  b u i l t  i n  A l a s k a  s i n c e  t h a t  t ime .  

R. W e  R e t h e r f o r d ,  an e l e c t r i c a l  eng inee r ,  has consu l t ed  i n  t h e  s t a t e  
' C  

s i n c e  1950  i n  t h e  d e s i g n  of  t r a n s m i s e i o n  l i n e s  a n d  p o w e r  p l a n t s  

t h r o u g h o u t  A l a s k a .  R e  W. C h r i s t e n s e n ,  c o n s u l t i n g  e n g i n e e r ,  has  over  

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

c o n s t r u c t i o n  p r o j e c t s  a l l  o v e r  A l a s k a .  J o h n  Wood i s  a  m i n i n g  

e n g i n e e r i n g  g r a d u a t e  of  t h e  U n i v e r s i t y  o f  A l a s k a  w i t h  1 5  y e a r e  o f  

e x p e r i e n c e  i n  m i n i n g  and c o n s t r u c t i o n  i n  A l a s k a  i n c l u d i n g  s e v e r a l  

y e a r s  a s  t h e  c h i e f  min ing  e n g i n e e r  a t  t h e  U s i b e l l i  c o a l  m i n e  n e a r  

Hea ly .  Henry  S p r i n g e r  of t he  Alaska Department of T r a n s p o r t a t i o n  ha8 

b e e n  head  o f  t h e  Department  o f  T r a n s p o r t a t i o n ' s  Nome o f f i c e  f o r  a  

number o f  y e a r s  and h a s  a g r e a t  d e a l  of exper ience i n  t h e  d e s i g n  and 

c o n s t r u c t i o n  o f  no r the rn  t r a n s p o r t a t i o n  s y s t e m s .  Thomas D m  ~ u m p h r e y  

i s  a n  e l e c t r i c a l  e n g i n e e r  w i t h  e x p e r i e n c e  i n  t h e  c o n s t r u c t i o n  of 

i n n o v a t i v e  e l e c t r i c a l  t r ansmis s ion  systems i n  r emote  p a r t s  o f  A l a s k a .  

Because  of  t h e  c o n t r a c t  d e a d l i n e ,  i t  was necessary  t o  o b t a i n  most of 

t h e  c o n s u l t a n t s '  i npu t  be fo re  t h e  f i e l d  phase of t h e  1985 program. 

J o h n  Wood w r o t e  t h e  original d r a f t  of t h e  open p i t  mine s e c t i o n  of t h e  

r e p o r t ,  and  R. 8. C h r i s t e n s e n  d r a f t e d  t h e  s e c t i o n  on g e o t e c h n i c a l  



cons ide r a t i on8 .  R. W, Rether ford  and  Thomas D. Humphrey had  mos t  o f  

t h e  i n p u t  i n t o  t h e  e l e c t r i c a l  t r a n s m i s s i o n  s e c t i o n ,  Ralph S t e f a n o  and 

R, W. R e t h e r f o r d  w r o t e  most of s e c t i o n  o n  t h e  power p l a n t ,  a n d  Nancy 

Hanneman w r o t e  t h e  o r i g i n a l  s e c t i o n  on down-hole geophysics  . The r e s t  

of t h e  r e p o r t  was w r i t t e n  by personne l  o f  Hawley Resource Group ,  I n c a  , 
who a l s o  e d i t e d  t h e  c o n s u l t a n t s  s e c t i o n s  f o r  i n c l u s i o n  i n  t h e  f l ow  of  

t h e  r e p o r t ,  and  who must  b e a r  f i n a l  r e s p o n s i b i l i t y  f o r  e r r o r s  o r  

omissions.  

F i e l d  s t u d i e s  w e r e  d o n e  i n  J u n e  a n d  J u l y  o f  1985 t o  r e f i n e  t h e  

i n f o r m a t i o n  o n  r e s e r v e s  and t h e  g e o l o g y  o f  t h e  c o a l  d e p o s i t .  A 

t r a c k - m o u n t e d  a i r - r o t a r y  d r i l l ,  c o n t r a c t e d  f r o m  T h r a s h e r  a n d  

A s s o c i a t e s  o f  Nome, was mobi l ized t o  Candle  i n  a  Hercu les  a i r c r a f t  and  

w a l k e d  o v e r l a n d  t o  C h i c a g o  Creek .  I n  a l l ,  5 0  r o t a r y  h o l e s  w e r e  

d r i l l e d  f o r  a  t o t a l  o f  7 , 7 0 9  f e e t ,  and t h e  c u t t i n g e  were l o g g e d  as  t h e  

h o l e s  w e r e  d r i l l e d .  A t o t a l  o f  2 2 4  f e e t  i n  9  h o l e s  was c o r e d ,  and 

151.8 f e e t  w e r e  r e c o v e r e d .  Some o f  t h e  h o l e s  s l o u g h e d  o r  f r o z e  

s h o r t l y  a f t e r  d r i l l i n g ,  t h e  r e s t ,  a  t o t a l  o f  5 , 3 5 3  f e e t ,  w e r e  

g e o p h y s i c a l l y  logged  u s i n g  a  down-hole p r o b e  w h i c h  r e c o r d e d  n a t u r a l  

gamma r a d i a t i o n  and gamma-gamma fo rma t ion  d e n s i t y .  

Basic  Assumptions o f  S tudy  

Bas ic  a s sumpt ions ,  common t o  a l l  f a c e t s  o f  t h e  i n v e s t i g a t i o n ,  a r e :  



1) The m i n e  and power p l a n t  a r e  e a c h  a s s u m e d  t o  h a v e  a  
30-year l i f e  span,  

2 )  Equ ipmen t  c o e t e  a r e  baeed  o n  c u r r e n t  p r i c e s ,  and a l l  
c o s t 6  a r e  f o r  new r a t h e r  than used equipment. 

3 )  E x i s t i n g  and  commonly u s e d  t e c h n o l o g y  a r e  chosen o v e r  
more  i n n o v a t i v e  methode w h i c h  h a v e  n o t  b e e n  p r o v e n  i n  
n o r t h e r n  Alaeka,  

F l u i d  bed  c o m b u s t i o n  r e a c t o r s  w e r e  n o t  e v a l u a t e d  because of c r i t e r i a  

number ( 3 1 ,  a l t h o u g h  t h e i r  p o t e n t i a l  f o r  l o w e r  d i s c h a r g e s  o f  s u l f u r  

' c 
and  n i t r o g e n  o x i d e s  and r a p i d l y  d e v e l o p i n g  c o m m e r c i a l  a p p l i c a t i o n s  

sugges t  t h a t  t h e y  should  be eva lua t ed  i n  t h e  f u t u r e .  Comments i n  t h e  

r e p o r t  c a l l  a t t e n t i o n  t o  a l t e r n a t i v e  t e c h n o l o g y  o r  t o  a r e a s  w h e r e  

p o s s i b l e  s a v i n g s  cou ld  be made. Some s i m p l i f y i n g  a s sumpt ions ,  s u c h  a s  

t h e  c o n s t a n t  a n n u a l  p r o d u c t i o n  r a t e ,  h a v e  b e e n  made t o  a v o i d  

complicated s c e n a r i o s  b a s e d  on f u t u r e  t r e n d s  w h i c h  a r e  d i f f i c u l t  t o  

f o r e c a s t .  T h e s e  s i m p l i f y i n g  a s sumpt ions  were  a l s o  chosen t o  y i e l d  a  

c o n s e r p a t i v e  r e s u l t .  



MARKET DEMAND 

Recent r e p o r t s  by Damer and Moore (1981, 19831, A r c t i c  S lope  T e c h n i c a l  

S e r v i c e s  ( 1 9 8 2 1 ,  A r c t i c  S l o p e  C o n s u l t i n g  E n g i n e e r s  (1984) .  and 

I n t e r n a t i o n a l  Eng inee r s ,  Inc .  (1985) c o n t a i n  e s t i m a t e s  o f  e l e c t r i c a l  

l o a d  growth  f o r  Kotzebue .  Some of t h e  s t u d i e s  a l s o  cover  d i r e c t - h e a t  

energy demands f o r  Kotzebue and b o t h  e l e c t r i c a l  and  h e a t i n g  demands 
* * 

f o r  nearby v i l  l ages .  

The i d e a  of  p r o v i d i n g  power f rom a  c e n t r a l  s o u r c e  t o  t h e  v i l l a g e s  of  

t h e  r eg ion  i s  an a p p e a l i n g  o n e ,  b u t  t h e  e c o n o m i c s  o f  a  t r a n s m i s s i o n  

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

v i l l a g e s .  The t r a n s m i s s i o n  n e t ,  however, might  p r o v i d e  a  s a v i n g s  o v e r  

t h e  s t  a t e ' s  c u r r e n t  p o w e r - e q u a l i z a t  i o n  s u b s i d y  i f  t h e  Ch icago  

Creek-Kotzebue i n t e r c o n n e c t i o n  were a v a i l a b l e .  The p o s s i b i l i t y  o f  an 

a d d i t i o n a l  power  demand a t  t h e  Red Dog Mine p r o j e c t  and i t s  e f f e c t  cn  

t h e  Chicago Creek-Rotzebue i n t e r c o n n e c t i o n  i s  a l s o  e v a l u a t e d  i n  t h e  

E l e c t r i c a l  T r a n s m i s s i o n  s ec t i on .  Red Dog c u r r e n t l y  p l a n s  t o  g e n e r a t e  

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

r e l i a b l e  commercia l  s o u r c e  i f  i t  came on- l ine  i n  t i m e  a t  a  compe t i t i ve  

p r i c e .  

I n  a d d i t i o n  t o  u s e  i n  e l e c t r i c a l  power g e n e r a t i o n ,  c o a l  can be burned 

f o r  d i r e c t  h e a t .  C h i c a g o  Creek  c o a l  c o u l d  b e  d e l i v e r e d  i n  b u l k  t o  

m a j o r  u s e r s  i n  t h e  Ko tzebue  a r e a  and d i s t r i b u t e d  i n  sacks  t o  s m a l l e r  



o r  more r e m o t e  c o n s u m e r s .  The d e g r e e  t o  w h i c h  i t  would b e  u s e d  f a  

d i f f i c u l t  t o  f o r e c a s t .  I f  t h e  p r i c e  w e r e  l ow  enough i t  could be an 

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

a d d i t i o n a l  l a b o r  o f  c l i n k e r  d i sposa l .  I t  could  be burned d i r e c t l y  i n  

e x i s t i n g  wood s t o v e r ,  b u t  o i l -burn ing  u n i t s  would have  t o  b e  c o n v e r t e d  

o r  replaced.  

F o r  t h e  p u r p o s e s  o f  t h i s  s t u d y  we h a v e  c h o s e n  t o  b a s e  t h e  demand 
'b 

f o r e c a s t s  on t h e  most c o n s e r v a t i v e  ca se ,  t h a t  o f  s u p p l y i n g  e l e c t r i c a l  

p o w e r  f o r  t h e  i m m e d i a t e  K o t z e b u e  a r e a .  T h e  m o s t  r e c e n t  and  

a u t h o r i t a t i v e  s t u d y  o n  t h e  e l e c t r i c a l  demand f o r  K o t z e b u e  i s  t h e  

I n t e r n a t i o n a l  E n g i n e e r i n g  Co., Inc. (1985)  s tudy .  F o r e c a s t s  based on 

t h a t  s tudy  a r e  d i s c u s s e d  below; Table  21 i n  t h e  s e c t i o n  on ~ l e c t r i c a l  

T r a n e m i s s i o n  l i s t s  t h e  b e s t  e s t i m a t e s  o f  power  n e e d s  o f  a l l  t h e  

v i l l a g e s  cons ide red  i n  t h e  s tudy .  E l e c t r i c a l  and s p a c e  h e a t i n g  demand 

f o r e c a s t s  f o r  K o t z e b u e  and t h e  s u r r o u n d i n g  v i l l a g e s  f r o m  t h e  o t h e r  

s t u d i e s  a r e  g i v e n  i n  Appendix A. 

F i g u r e  3 summar i ze8  Kotzebue ' s  h i s t o r i c a l  e l e c t r i c  power needs from 

1967 through 1983 and ehowa p ro j ec t ed  demands f r o m  o t h e r  s t u d i e s .  I t  

a l s o  shows t h r e e  l o n g - t e r m  demand p r o j e c t i o n s  based r e s p e c t i v e l y  on 

maximum h i s t o r i c a l  g r o w t h ,  a v e r a g e  h i s t o r i c a l  g r o w t h ,  and t h e  most  

c o n s e m a t i v e  f o r e c a s t .  
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The bare c a r e  f o r  t h i s  s t u d y  assumes  an  a n n u a l  c o a l  p r o d u c t i o n  o f  

50 ,000  t o n s ,  A c o n s t a n t  average  r a t e  g r e a t l y  s i m p l i f i e d  t h e  planning 

and c o a t i n g  o f  t h e  m i n i n g  o p e r a t i o n ,  and t h e  u s e  o f  a f i r e d ,  round  

n u m b e r  f a c i l i t a t e d  o t h e r  c o s t i n g .  A c c o r d i n g  t o  p o w e r  demand 

p r o j e c t i o n 6  shown on F i g u r e  3 ,  50,000 tone  of  c o a l  e q u i v a l e n t  a t  6 ,500  

B t u f l b ,  would b e  n e e d e d  f o r  power g e n e r a t i o n  i n  abou t  1992 based on 

t h e  maximum h i s t o r i c  growth r a t e  (1973-1977);  b y  1 9 9 6  a t  t h e  a v e r a g e  
* L 

h i s t o r i c  g e n e r a t i o n  r a t e  ( 1 9 6 7 - 1 9 8 4 ) ,  o r  a b o u t  2 0 0 2  on t h e  

I n t e r n a t i o n a l  E n g i n e e r i n g  C o , ,  Inc.'.s ( 1 9 8 5 )  p r o j e c t e d  g r o w t h  l i n e .  

A s s u m i n g  c o g e n e r a t i o n  n e e d s  ( A r c t i c  S l o p e  T e c h n i c a l  S e r v i c e s  and 

o t h e r s ,  1982),  t h e  e q u i v a l e n t  o f  50,000 t o n s  o f  c o a l  would b e  needed  

b y  a b o u t  1 9 9 5 .  To a s s e s s ,  t h e  s e n s i t i v i t y  o f  t h e  p r o j e c t  t o  

v a r i a t i o n s  i n  p r o d u c t i o n  r a t e s ,  c o s t  p r o j e c t i o n s  w e r e  a l s o  made f o r  

i n c r e a s e d  p r o d u c t i o n  r a t e s  and va ry ing  energy needs ,  



GEOLOGY 

Renional  S e t t i n g  

Murh o f  t h e  n o r t h e a s t e r n  Seward P e n i n s u l a  i s  u n d e r l a i n  by a  low-grade 

met&orphic  complex o f  p robab le  P a l e o z o i c  age. The s t r a t i g r a p h i c a l l y  

l o w e r  p a r t s  o f  t h e  u n i t  c o n s i s t  o f  c h l o r i t e - r i c h  m e t a p e l i t e  w h i c h  

g r a d e s  upward i n t o  i n t e r l a y e r e d  g r a p h i t i c  m e t a q u a r t z i t e ,  m i c a c e o u e  
r :  

m a r b l e  a n d  m i n o r  m e t a p e l i t e .  T h e s e  r o c k s  a r e  i n  t u r n  o v e r l a i n  by 

c h l o r i t e  and a l b i t e  s c h i s t s  w i t h  l e n s e s  o f  m e t a b a s i t e  ( T i l l ,  1 9 8 3 ) .  

Most o f  t h e  s e q u e n c e  was f o r m e r l y  t h o u g h t  t o  be  Precambrian i n  age ,  

w h i l e  some o f  t h e  c a r b o n a t e  u n i t s  w e r e  c o r r e l a t e d  w i t h  C r e t a c e o u s  

r o c k s  ( ~ a i n s b u r ~ ,  1 9 7 4 ) .  More r e c e n t  work by T i l l  s u g g e s t s  t h a t  most 

o r ' a l l  o f  t h e  basement rocks  a r e  p robably  c l o s e r  t o  m i d - P a l e o z o i c  and 

may b e  e a r l y  D e v o n i a n ,  b u t  f o r  t h e  p r e s e n t  t h e i r  a g e s  mus t  b e  

cons ide red  a s  q u e s t i o n a b l e .  

I n  t h e  C h i c a g o  C r e e k  a r e a  ( ~ i g u r e  41, a  g r e e n  m e t a p e l i t e  u n i t  (Pzg) 

s u b c r o p s  e a s t  o f  t h e  c o a l  d e p o s i t  and g r a d e s  up  i n t o  a mixed  u n i t  

( ~ z s ,  P z c s ,  a n d  P z c )  w h i c h  m a i n l y  o c c u r s  t o  t h e  Wes t ,  The c o a l  

d e p o s i t  o c c u r s  a t  t h e  t r a n s i t i o n  be tween  r o c k  t y p e s  w i t h  g r e e n s c h i s t  

t o  t h e  west  and a g r ay ,  l o c a l l y  c a l c a r e o u s  u n i t  t o  t h e  e a s t  ( p l a t e  2) .  

To t h e  e a s t  o f  t h e  Ch icago  c r e e k  a r e a ,  t h e  c r y s t a l l i n e  m e t a m o r p h i c  

r o c k  u n i t s  a r e  jux taposed  a g a i n s t ,  and l o c a l l y  o v e r l a i n  by ,  Cre taceous  

s ed imen t s  of t h e  Yukon-Koyukuk prov ince .  Acco rd ing  t o  P a t  t o n ,  ( 1 9 7 3 )  





t h e s e  sed iments  a r e  l o c a l l y  c o a l - b e a r i n g ,  and i n  t h e  p a s t ,  t h e  C h i c a g o  

C r e e k  c o a l r  h a v e  b e e n  c o r r e l a t e d  w i t h  them. Based o n  p a l y n o l o g y  

(Hagas 1984)  and g e o l o g i c  s i m i l a r i t y  t o  o t h e r  c o a l  d e p o s i t s  o f  known 

a g e ,  h o w e v e r ,  i t  seems more l i k e l y  t h a t  t h e  c o a l  b e a r i n g  s e d i m e n t s  o f  

t h e  Chicago C r e e k  a r e a  a r e  T e r t i a r y  ( ~ a m s e ~  and o t h e r s ,  1983) i n  age. 

Chicano Creek Area  Geologp 

B e d r o c k  i n  t h e  C h i c a g o  Creek a r e a  i s  m a n t l e d  by l o e s s ,  c o l l u v i u m ,  and 

t u n d r a .  The geo logy  and r e s e m e  e s t i m a t e s  d i s c u s s e d  i n  t h i s  s e c t i o n  

a r e  t h e r e f o r e  m a i n l y  based on i n f o r m a t i o n  f rom t h e  d r i l l i n g  programs.  

P l a t e  1 l o c a t e s  d r i l l  h o l e s  and s u m m a r i z e s  t h e  d a t a  a v a i l a b l e  f r o m  

e a c h  h o l e .  P l a t e  2 i s  an i n t e r p r e t i v e  g e o l o g i c  map o f  t h e  b e d r o c k  

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

r e p r e s e n t a t i v e  c r o s s - s e c t i o n s .  G r a p h i c  d r i l l  l o g  d i a g r a m s  a r e  

i n c l u d e d  on s e c t i o n s  on P l a t e  1 and i n  Appendix B. 

L i t h o l o g i c  U n i t s  

F i v e  b e d r o c k  u n i t s  a r e  d i s t i n g u i s h e d  i n  t h e  Chicago Creek a r e a .  Some 

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

d e s c r i p t i o n e  o f  t h e  r e s t  o f  t h e  u n i t s  a r e  b a s e d  o n  e x a m i n a t i o n  o f  

r o t a r y  c u t  t i n g e .  



Grave l ,  Sandstone and S i l  t s t o n g  

The s t r a t i g r a p h i c a l l y  youngest u n i t  i n  t h e  Chicago Creek a r e a  c o n s i s t 8  

' p r i m a r i l y  of i n t e rbedded ,  poor ly  c o n s o l i d a t e d  g r a v e l ,  s a n d s t o n e ,  and  

s il t s t o n e .  The s e q u e n c e  i s  d i s t i n c t l y  more  coarse -gra ined  t han  t h e  

p r i n c i p a l  c o a l - b e a r i n g  u n i t .  I t s  g r a v e l s  a r e  p o l y m i c t i c ,  w i t h  

w e l l - r o u n d e d  p e b b l e s  o f  q u a r t z  and o t h e r  r e s i s t a n t  rocks .  The u n i t  
'L 

t r u n c a t e s  t h e  l a r g e s t  c o a l  bed i n  some a r e a s ,  and  mos t  o f  t h e  d r i l l  

h o l e s  i n  i t  e n c o u n t e r e d  me tamorph ic  b a s e m e n t  r o c k s  a t  a  s h a l l o v e r  

dep th  than  was common f o r  t h e  basement rocks  o f  t h e  main c o a l - b e a r i n g  

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

c o a l - b e a r i n g  s e q u e n c e .  I t  i s ,  h o w e v e r ,  p o s s i b l e  t h a t  i t  i s  a n  

a l l u v i a l  d e p o s i t  which was depos i t ed  i n  c r o s s c u t t i n g  channe ls .  

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

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

younger  t han  t h e  c o a l  sequence. Samples  o f  t h e  wood f r o m  o n e  of  t h e  

s o u t h e r n  d r i l l  h o l e s  have  been  s u b m i t t e d  t o  t h e  U. S. F o r e s t  S e r v i c e  

F o r e s t  P r o d u c t s  L a b o r a t o r y  o f  M a d i s o n  W i s c o n s i n  a n d  h a v e  b e e n  

i d e n t i f i e d  a s  w i l l o w  ( S a l i x ) .  Dave H o p k i n s  o f  t h e  U n i v e r s i t y  o f  

A la ska ,  who h a s  had cons ide rab l e  e x p e r i e n c e  w i t h  s u r f i c i a l  g e o l o g y  o n  

t h e  S e w a r d  P e n i n s u l a ,  f e e l s  t h a t  t h e  u n i t  i s  m o s t  l i k e l y  o f  

P l e i s t o c e n e  a g e  ( p e r s o n a l  coazmunication , 1985).  



Gray and Brown S i l t s t o n e .  Mudstone and sands ton^ 

T h e  c o a l  b e d s  o f  t h e  C h i c a g o  C r e e k  a r e  c o n t a i n e d  i n  a s e q u e n c e  o f  

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

s a n d y   bed^ and r a r e  l a y e r s  of  rounded, p o l y m i c t i c  g r ave l .  The u n i t  i r  

n o t a b l y  micaceous ,  e s p e c i a l l y  towards t h e  bo t tom o f  t h e  s e q u e n c e .  I t  

c o n t a i n s  medium-to-dark-brown carbonaceoue l a y e r s ,  many of  which g r ade  
'b 

i n t o  c o a l  beds .  Towards t h e  b o t t o m ,  t h e  u n i t  a p p e a r s  t o  g r a d e  i n t o  

weathered s c h i s t  and t h e n  i n t o  f r e s h  s c h i s t .  

L i g n i t  i c  Coa 1 

The c o a l  b e d s  o f  t h e  Chicago Creek a r e a  r a n g e  i n  t h i c k n e s s  from a  few 

inches  t o  a b o u t  100  f e e t .  Most of t h e  mineab l e  r e s e r v e s  a r e  c o n t a i n e d  

i n  a  s i n g l e  l a r g e  bed  w h i c h  i s  a s  much a s  1 0 0  f e e t  i n  appa ren t  t r u e  

t h i c k n e s s ,  t h o u g h  some o f  t h i s  t h i c k n e s s  may b e  d u e  t o  s t r u c t u r a l  

r e p e t i t i o n .  Based on t he rma l  va lue  ( ~ t u )  and ca rbon  c o n t e n t ,  t h e  c o a l  

i s  l i g n i t e .  I t  i e  d a r k  b r o w n  t o  b l a c k  i n  c o l o r ;  some o f  i t  i r  

v i t r e o u s  when f r e s h ,  a l t h o u g h  most h a s  a  d u l l  l u s t e r  when i t  d r i e s  

o u t .  Some o f  t h e  c o a l  h a s  a  f r a g m e n t a l  t e x t u r e ,  a s  i f  i t  h a s  b e e n  

b r e c c i a t e d  and h e a l e d .  Rare  c o n c r e t i o n s  o f  p y r i t e  were  seen  l o c a l l y .  

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

p i e c e s  r a n g i n g  f rom l e s s  t han  an i nch  t o  s e v e r a l  i nches  i n  d iameter .  



The c o a l  beds have s c a t t e r e d  p a r t i n g e  o f  s o f t ,  g r a y  c l a y  and r a r e  t h i n  

s t r i n g e r s  a n d  b l e b e  o f  h a r d ,  r e d d i s h - t a n  m a t e r i a l  w i t h  a  bony  

cons i s t ency  which was r e f e r r e d  t o  a s  bone  i n  t h e  l o g e .  The l a r g e s t  

c o a l  b e d  h a s  a d i e t  i n c t i v e  p a r t i n g  n e a r  i ts  t o p  which averages  about  . 

t h r e e  f e e t  i n  t h i c k n e s s ,  and smal l  p a r t i n g e  w e r e  common i n  t h e  l o w e r  

p a r t s  of t h e  v a r i o u s  beds,  

s 

S i x  s amp le s  o f  C h i c a g o  C r e e k  c o a l  f r o m  t h e  D e n a l i  D r i l l i n g  program 

were  s u b m i t t e d  f o r  p a l y n o l o g i c a l  e x a m i n a t i o n  ( ~ a g a ,  1 9 8 4 ) .  T h e  

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

r e f e r e n c e  s e c t i o n  f o r  t h e  T e r t i a r y  of n o r t h w e s t e r n  A l a s k a ,  and t o  t h e  

l a c k  o f  d i a g n o s t i c  f o rms  i n  t h e  samples. I t  was de te rmined ,  however, 

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

F o u r  c o u l d  o n l y  b e  d a t e d  a s  T e r t i a r y  t o  Qua t e rna ry ,  but  t h e  f i f t h  i s  

of  p robab le  T e r t i a r y  age.  A T e r t i a r y  age  seems t o  b e  r e a s o n a b l e  b a s e d  

on  t h e  g e o l o g i c  s i m i l a r i t y  t o  o t h e r  d a t e d  c o a l  d e p o s i t s  e l sewhere  i n  

Alaska.  

Green and Gray S c h i s t  

The c o a l - b e a r i n g  s e c t i o n  i s  bounded o n  t h e  w e s t  by  a he t e rogeneous  

qua r t z -mica  s c h i s t  u n i t .  The s c h i s t  i s  p r e d o m i n a t e l y  g r e e n  i n  c o l o r  

b u t  much o f  i t  h a s  up t o  1% d i s s e m i n a t e d  s u l f i d e  m i n e r a l s  and i s  

weathered t o  a  r e d d i s h - y e l l o w  c o l o r .  I t  a l s o  l o c a l l y  c o n t a i n s  g r a y  

a n d  b l a c k  i n t e r b e d s .  P a r t s  o f  t h e  u n i t  a r e  q u a r t z o s e  and h a r d  t o  



d r i l l ,  Other s e c t i o n s ,  i n c l u d i n g  some o n l y  a  f e w  f e e t  away f rom t h e  

q u a r t z - r i c h  p o r t  i ona ,  a r e  cons iderab ly  s o f t e r  and d r i l l  q u i t e  e a s i l y ,  

Gray t o  Black S c h i e t  

A r e l a t i v e l y  homogeneous, gray-to-black, quartz-mica s c h i s t  u n i t  which 

h a s  l o c a l  c a l c a r e o u s  phases  u n d e r l i e s  t h e  g r a v e l  u n i t  e a s t  o f  t h e  main 

c o a l - b e a r i n g  s e c t i o n ,  The same u n i t  appears  t o  form t h e  basement f o r  

t h e  main coa l -bear ing  s e c t i o n ,  The green and g ray  s c h i s t  u n i t  and t h e  

g r a y  t o  b l a c k  u n i t  a l t e r n a t e  e l s e w h e r e  i n  t h i s  p a r t  o f  t h e  Seward 

P e n i n s u l a  where  s e e n  i n  e x p o s u r e s  a l o n g  t h e  s t r e a m s .  I t  i s  l i k e l y  

t h a t  t hey  a r e  of s i m i l a r  age,  probably e a r l y  t o  midd l e  Pa l eozo i c .  

S t r u c t u r e  

T h e  c o a l - b e a r i n g  s e d i m e n t s  o c c u r  i n  a n a r r o w ,  n o r t h - t r e n d i n g ,  

s t r u c t u r a l  b a s i n  w i t h  l i t t l e  t o p o g r a p h i c  e x p r e s s i o n ,  A s  shown on  

c r o s s - s e c t i o n  E-E', and t h e  g e o l o g i c  map ( p l a t e  2 1 ,  t h e  b a s i n  i s  l e s s  

t h a n  100 f e e t  wide on  t h e  s u r f a c e  a t  t h e  s o u t h e r n  e n d ,  I t  h a s  been  

t r a c e d  a l o n g  s t r i k e  f o r  a b o u t  8 ,000  f e e t ,  The b a s i n  c o n t i n u e s  an 

unknown d i s t a n c e  t o  t h e  n o r t h ,  and a l though  i t  a p p e a r s  t o  b e  p i n c h i n g  

o u t  t o  t h e  s o u t h .  C o a l  o c c u r s  a t  t h e  W a l l i n  Mine ,  a b o u t  on s t r i k e  

f o u r  m i l e s  t o  t h e  s o u t h  of t h e  l a s t  known o c c u r r e n c e  a t  C h i c a g o  Creek 

( ~ i ~ u r e  4 ) .  



The 1985 d r i l l i n g  war c o n c e n t r a t e d  i n  t h e  s o u t h e r n  end  o f  t h e  known 

t r e n d ,  a l o n g  a p p r o x i m a t e l y  3 ,600  f e e t  o f  s t r i k e  l e n g t h  shown o n  

P l a t e  2. T h i a  p a r t  o f  t h e  b a s i n  i a  bounded o n  t h e  w e s t  s i d e  by a 

f a u l t  which  j u x t a p o s e s  t h e  T e r t i a r y  sediments  w i t h  t h e  g r een  and gray  

s c h i r t  un i t .  The f a u l t  d i p s  t o  t h e  west  a t  a n g l e s  r a n g i n g  f rom 85 t o  

a8 l i t t l e  a s  15 d e g r e e s ,  t h u s  p a r t  of t h e  c o a l  d e p o s i t  ha s  a  capping 

o f  c r y s t a l l i n e  basement rocks  ( S e c t i o n  D-D'). 

H o l e s  d r i l l e d  o n  t h e  e a s t  s i d e  of t h e  b a s i n  o n  p r o j e c t i o n s  of  some of 

t h e  c o a l  beds  e n c o u n t e r e d  t h e  c o a r s e - g r a i n e d  g r a v e l  and s and  u n i t ,  

w h i c h  t h e r e f o r e  a p p e a r s  t o  c u t  some of t h e  T e r t i a r y  fo rma t ions ,  Based 

on t h e  sha l low d e p t h  of  t h e  bedrock basement under t h e  g r a v e l  u n i t  and 

t h e  l i n e a r  n a t u r e  o f  t h e  c o n t a c t ,  i t  i s  assumed t h a t  t h e  e a s t e r n  s i d e  

o f  t h e  bae in  i s  bounded by a  normal f a u l t ,  w i t h  t h e  e a s t  s i d e  moved up 

r e l a t i v e  t o  t h e  b a s i n .  I t  i s  a l s o  p o s s i b l e  t h a t  t h e  g r a v e l  u n i t  i s  a  

pos t -coa l  f l u v i a l  c h a n n e l  which h a s  eroded t h e  c o a l  b e d ,  and  t h a t  t h e  

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

r e l i e f  and a  s t e e p  d i p .  H o s t  o f  t h e  e v i d e n c e  a p p e a r s  t o  f a v o r  t h e  

f a u l t  hypo t h e s i s ,  a s  s h o r n  on t h e  geo log i c  map and s e c t i o n s  C-C*, D-D*, 

and E-E' ( p l a t e  2). I f  p r e s e n t ,  t h e  f a u l t  p r o b a b l y  c o n t i n u e s  t o  t h e  

n o r t h  o f  t h e  dashed p o r t i o n  shown on t h e  p l a t e ,  b u t  t h e r e  a r e  no d r i l l  

d a t a  t o  show i t s  l o c a t i o n .  

The  e a e t - w e s t  s t r i k i n g  t r a n s v e r s e  f a u l t s  shown on P l a t e  2 a r e  i n f e r r e d  

f rom ab rup t  changes  i n  t h e  t h i c k n e s s  and p o s i t i o n s  o f  t h e  c o a l  b e d s .  



The most d r ama t i c  of t h e s e  changes occu r s  about  300  f e e t  t o  t h e  n o r t h  

o f  C h i c a g o  C r e e k ,  where  h o l e s  d r i l l e d  on a  p r o j e c t i o n  o f  a  v e r y  t h i c k  

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

c o a l  beds  ( S e c t i o n s  B-B' and C-C') .  L i g n i t e  beds t y p i c a l l y  a r e  v e r y  

i r r e g u l a r  i n  t h i c k n e s s  a l o n g  s t r i k e ,  b u t  t h e  c h a n g e  i n  t h i s  c a s e  

o c c u r s  i n  l e s s  than  100 f e e t .  

The p a r t i n g s  w i t h i n  t h e  b e d s  and t h e  s t r a t i g r a p h i c  s e q u e n c e  i n  t h e  'I 

c o a l - b e a r i n g  s e c t i o n s  a r e  s i m i l a r  on b o t h  s i d e s  o f  t h e  i n f e r r e d  

t r a n s v e r s e  f a u l t  so  t h e  sequences  appear  t o  be  t h e  same. The t h i n n i n g  

i s  p robab ly  due t o  d i f f e r e n t  e r o s i o n a l  l e v e l s  on a  bed which t h i n s  and 

t h i c k e n s  up  a n d  down d i p .  The  movement  of  t h e  f a u l t  c a n n o t  b e  

r e s o l v e d  w i t h  t h e  p r e s e n t  i n f o r m a t i o n ;  t h e  t h i c k  p o r t i o n  o f  t h e  main 

bed  may e i t h e r  b e  down d i p  of t h e  s m a l l e r  sha l low bed t o  t h e  n o r t h  of 

t h e  f a u l t ,  o r  i t  may have been up d i p  and been eroded away, The o t h e r  

t r a n s v e r s e  f a u l t s  t o  t h e  n o r t h  r e s u l t  i n  a p p a r e n t  e a s t  and w e s t  

movements  o f  t h e  s t r a t i g r a p h i c  s e c t i o n  of  t h e  b a s i n  b u t  i t  i s  n o t  

known w h e t h e r  t h e s e  o f f  s e  t s  r e s u l t  from a c t u a l  s t r i k e - s l i p  mot ion o r  

f rom t h e  e f f e c t  of d i f f e r e n t  e r o s i o n a l  l e v e l s  on a  d i p p i n g  s e q u e n c e  

which has had d i f f e r e n t i a l  d i p - s l i p  movement. 

The c o a l - b e a r i n g  s e d i m e n t s  o f  t h e  C h i c a g o  C r e e k  a r e a  w e r e  p r o b a b l y  

d e p o s i t e d  i n  a  topographic  b a s i n  formed by e a r l i e r  t e c ton i em a long  t h e  

same s t r u c t u r e  t h a t  caused t h e i r  subsequent  i n t e n s e  deformat ion .  



Coal Q u a l i t v  

T h i r t y - s i x  sample r  o f  d r i l l  c o r e  and t h r e e  samples of t h e  r o t a r y  hole  

c u t t i n g e  from t h e  1985 program v e r e  e n b m i t t e d  f o r  p r o x i m a t e  a n a l y s i r  

t o  t h e  ~ i n e r a l  I n d u s t r y  R e r e a r c h  L a b o r a t o r y  o f  t h e  U n i v e r s i t y  of  

A l a r k a  i n  F a i r b a n k r .  The samples  were  t e s t e d  f o r  h e a t i n g  v a l u e  

( ~ t u l l b . ) ,  m o i s t u r e ,  v o l a t i l e  m a t t e r ,  f i xed  carbon, a sh ,  and s u l f u r .  

A s  t h e  samples  c o n t a i n e d  a  s i g n i f i c a n t  amount o f  s u r f a c e  w a t e r ,  

e q u i l i b r i u m  m o i s t u r e e  were  done on f i v e  samples  t o  g i v e  a  b e t t e r  
'L 

a p p r o x i m a t i o n  of  e x p e c t e d  t r u e  bed m o i s t u r e .  The a v e r a g e s  of t h e  

r e s u l t s  o f  t h e  t e s t s  a r e  shown i n  T a b l e  1 ,  and t h e  complete r e s u l t s  

a r e  g iven  i n  Appendix C. 

TABLE 1 

Averages of Proximate Analyses of Chicago Creek Coal 

Heat ing  
Moisture V o l a t i l e  Fixed Value Tot a 1  

Bas i s  * (%) Matter  (X) Carbon (%) Ash ( X )  ( B T U / L ~ . )  S u l f u r  ( x )  

Core Samples ** 

Cut t ings  Samples ++ 

* 1 -- a s  r ece ived  
2 -- mois tu re  f r e e  
3 -- mois tu re  and a s h  f r e e  
4 -- e q u i l i b r i u m  bed mois tu re  

** average  of 36 samples except 4 ,  which i s  average of 5 samples 
++ average of  3 samples 



TABLE 2 

Ash Fus i b i l i t y  
( d e g r e e s  F) 

Sample No. 

DH- 1-82-150'-160' 

DH-11-82-118'-13 0' 

DH- 4-82- 73'- 78' 

Oxid iz ing  Atmosphere Reducing Atmosphere 

I n i t i a l  I I 
Deformat ion lSof t e n i n g  1 F l u i d  

I I 

I n i t i a l  1 I 
~ e f  o rmat ion  ISof t e n i n g  1 F l u i d  

I I 

TABLE 3 

W a s h a b i l i t y  A n a l y s i s  o f  Sample DH-4-82f73.5'-80.0' Chicago Creek 
( a l l  r e s u l t s  on a m o i s t u r e - f r e e  b a s i s )  

ACTUAL PRODUCTS 

P r o d u c t  I w t  x I 
I I 

Ash X IBtul  lb ( T o t a l  I 
I I S u l f u r  I 

CUMULATIVE 
CUMULATIVE FLOAT S I N K  



The a r b  f u s i b i l i t y  t e s t s  i n d i c a t e  t h a t  t h e  coa l  c o u l d  be u s e d  w i t h o u t  

s i g n i f i c a n t  problemr i n  any type of  f i r i n g  system, The h i g h e r  d e n s i t y  

f r a c t i o n *  f rom t h e  w a s h a b i l i t y  t e s t s  were  i d e n t i f i e d  a s  f u e i n i t e ;  

wash ing  would n o t  s i g n i f  i c a n t l y  reduce  t h e  ash  content  of t h e  sample 

t e s t ed .  

Resource Es t ima t ion  

A c c o r d i n g  t o  c u r r e n t l y  used d e f i n i t i o n s  (wood, 1981) t h e  term resource  

w i l l  be used i n  t h i s  discussion r a t h e r  t h a n  r e s e r v e  s i n c e  t h e  t e rm 

r e s e r v e  i s  r e s t r i c t e d  t o  d e p o s i t s  wh ich  have  been proven capab le  of 

being mined e c o n o m i c a l l y .  The c o a l  a t  Ch icago  Creek a t  p r e s e n t  i s  

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

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

p r e s e n t .  Demons t ra t ed  r e s o u r c e s  a r e  f u r t h e r  d i v i d e d  i n t o  measured 

(h igh  l e v e l  of assurance)  and i n d i c a t e d  (moderate l e v e l  o f  a s s u r a n c e )  

c l a s s e s .  The r e l a t i v e  d e n s i t y  of d r i l l  ho les  and sample ana lyses  from 

t h e  s o u t h e r n  p a r t  o f  t h e  C h i c a g o  C r e e k  d e p o s i t  j u s t i f i e s  t h e  

c l a s s i f i c a t i o n  o f  t h e  c o a l  i n  segment s  I ,  11, and 111 ( p l a t e  2 )  a s  

measured  d e m o n s t r a t e d  r e s o u r c e s  w h e r e a s  t h e  c o a l  t o  t h e  n o r t h  

( s e g m e n t s  I V ,  VA, and V B ,  o f  Ramsey and o t h e r s ,  1983) should only be 

considered a s  ind ica ted .  



Volumes f o r  t h e  r e s o u r c e  f i g u r e s  shown i n  T a b l e  4 were  c a l c u l a t e d  i n  a 

s i m i l a r  m a n n e r  t o  t h e  volume c a l c u l a t i o n s  f o r  t h e  open p i t  mine p l a n  

 appendix^). The t o n n a g e  f i g u r e s  a s s u m e  a  d e n s i t y  f a c t o r  f o r  t h e  

c o a l  o f  8 0  Lbs/Cu.  Ft. Using  t h i s  a p p r o a c h ,  a n d  b a s e d  on t h e  d a t a  

amassed th rough  t h e  1985 f i e l d  season,  t h e  Chicago  Creek a r e a  c o n t a i n 6  

a  d e m o n s t r a t e d  r e s o u r c e  o f  a t  l e a s t  4.7 m i l l i o n  s h o r t  t o n s  of  c o a l  
s 

w i t h i n  300 f e e t  o f  t h e  s u r f a c e  ( T a b l e  4). T h e  m e a e u r e d  d e m o n s t r a t e d  

c o a l  r e s o u r c e  i n  s e g m e n t s  I ,  11, a n d  111 i n c l u d e s  abou t  2.5 m i l l i o n  

s h o r t  tons .  

The 4.7 m i l l i o n  t o n  f i g u r e  i s  a b o u t  1 m i l l i o n  t o n e  l a r g e r  t h a n  t h e  

p r e v i o u s  e s t i m a t e  o f  Chicago Creek c o a l  r e s o u r c e s  (Ramsey and o t h e r s ,  

1 9 8 3 1 ,  a  r e f l e c t i o n  o f  t h e  d i s c o v e r y  o f  i n c r e a s e d  s t r i k e  l e n g t h s  o f  

t h i c k e r  and more c o n t i n u o u s  c o a l  beds i n  Segments  I a n d  I1 ( P l a t e  2) .  

M a g n e t o m e t e r  s u r v e y s  c o n d u c t e d  i n  t h e  f a l l  o f  1 9 8 4  ( A p p e n d i x  G )  

s u g g e s t  t h a t  t h e  T e r t i a r y  s e c t i o n  c o n t i n u e s  t o  t h e  n o r t h  f o r  a t  l e a s t  

a n  a d d i t i o n a l  m i l e .  Assuming an a v e r a g e  bed t h i c k n e s s  of 20 f e e t  the 

a d d i t i o n a l  m i l e  o f  s t r i k e  could  c o n t a i n  a n  a d d i t i o n a l  1 , 6 9 0 , 0 0 0  t o n e  

o f  c o a l .  The d i s t r i c t  probably  c o n t a i n s  s t i l l  more c o a l  i n  e x t e n s i o n s  

o f  t h e  C h i c a g o  C r e e k  b a s i n  t o  t h e  n o r t h  and s o u t h ,  and  a d d i t i o n a l  

und i scovered  p a r a l l e l  c o a l  bas i n s  may a l s o  e x i s t .  



Coal Rerource Estimation 
(See F igure  3 f o r  l o c a t i o n  o f  r e g m e o t r )  

1 IMIKUBLE I I I 1 I I 
ICROSS-SECTION I STXIKC IAVZ. BED I ~PREVXOUSLY 1 HININC I DIP 1 DEMONSTRATED 
ISTATION + OR I LEnCTl (THICKNESS 1 DENSITY I MINED I DEPTU IDCPfB I COAL RLSOUXCL 

s ~ c x ~ c r l  aoLc 4 usrD I t m )  I t r r )  I rrcror I (TONS) I t n )  I (FT) I (SHORT TONS) 
1 I 1 I I I 1-1 

IA 1 1500s  I 800 1 37.5 1 80 l b / f t J  I NONE 1 100  1 6 5  1 78,000 
I 1300s  1 1 12,000 l b l t o n  1 I 200 I 196 I 235,000 
1 1100s  I 1 I 1 I 3 0 0  I 360 1 459,000 
I 8808 I I I I I I I 

-1 I I 1 1 I 1-1 *$ 

I D  I 7005 1 700 1 85.0 I n I 100,000 1 100 I 92 1 218,960 

I 500s I I I I I 200 1 229 1 545,020 
I 2505 1 I I I I 300 I 360 1 910,000 
1 130N I I I I 1 1 1 

-1 1 I I I I 1-1 
SUBTOTAL OF I A  AND IB I 1 0 0  1 1 96,960 

( L e r r  100,000 t o n s  I 200 I 680,220 
p r e v i o u r  l y  mined)  I 300  I 1 ,369,000 

I I 
I I A  I 130N 1 650 1 83.0 1 II I NONE 1 100 1 103 1 222,270 

I 420N I I I I 1 200 1 240 1 517,920 
1 510N I 1 I I I 300 1 392 1 845,936 

-1 I I I I I 1-1 
11s I 6 2 0 ~  I 7 3 0 1  34.0 I II I NONE I 100 I 83 I 82,400 

1 89011 I I I 1 1 200 1 195 1 193,600 
I l l O O N  I I I I 1 300 1 310 1 307,770 

-1 I I I I I 1-1 
SUBTOTAL OF I I A  AND I I B  1 100  I 304,675 

1 200 1 711,520 
I 3 0 0  I 1,153,700 
I I 

I 1 1  I 1240N I 8 4 0 1  18.0 1 )I I NONE I 100  I 83 I 50,200 

I 1350N I I I I 1 200 1 195 1 117,900 
I 1570N I I I I I 300 I 298 1 180,230 
I l820lt 1 I I I I 1 I 

I I I I I I 1-1 
I V  I 7-82 1 1 ,200 I 28.0 I II I NONE 1 100 1 141 1 189,500 

I 8-82 I I 1 I 1 200 1 283 1 380,350 
I I I I I I 300 1 424 1 569,850 

-1 I I I I I 1-1 
VA I 7-83 I 1.000 1 39.0 1 II I NONE 1 100 1 141 1 219,960 

I 8-83 1 1 I 1 I 200 I 283 1 441,480 
I I I I 1 I 300 1 424 1 661,440 

-1 I , - -  I I I 1 - 1 -  I 
VB I 9-83 1 2,300 1 20.0 I IB I NOlJE I 100 1 141 1 259,440 

I t h r u  I 1 I I 1 200 1 283 1 520,720 
1 14-83 1 I I I I 300 1 4 2 4 1  780,160 

-1 f I I I I 1-1 
I I I I 1 100 1 141 1 1 ,220,735 

TOTAL I I 1 I 1 200 1 283 1 3 ,045,790 
ALL SEGMENTS 1 6 ,300 1 h'/A I I N/A 1 300 1 424 1 4,714,380 

I I I I I 1-1 

* O.S.G.S. D e f i n i t i o n .  1980; I n c l u d e r  b o t h  Xearured and I n d i c a t e d  Rerourcea 



Don-Bole  Geophvsicr 

D u r i n g  t h e  1985 f i e l d  p rog ram,  5,353 f e e t  of  r o t a r y  d r i l l  bole8 were 

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

gamma-gamma-format ion-  d e n s i t y  t e c h n i q u e s .  T h e  na tu ra l -gamma  

ins t rument  measures gamma r a d i a t i o n ,  which t e n d s  t o  b e  c o n c e n t r a t e d  

c l a y s  and s h a l e s  b u t  i s  n e a r l y  a b s e n t  from c o a l  l a y e r s ,  r e s u l t i n g  i n  

f a i r l y  c lea r -cu t  c o n t r a s t i n g  g e o p h y s i c a l  s i g n a t u r e s  o f  t h e  u n i t e  o f  

p r i m a r y  i n t e r e s t ,  The gamma-gamma l o g  m e a s u r e s  t h e  i n t e r a c t i o n  of 

s o u r c e - s u p p l i e d  gamma r a d i a t i o n  w i t h  m a s s  e l e m e n t s  o f  a d j a c e n t  

f o r m a t i o n s  t o  d e t e r m i n e  r e l a t i v e  d e n s i t i e s ,  T h i s  i s  u s u a l l y  a l s o  a  

g o o d  d e t e r m i n a t i v e  m e t h o d  s i n c e  c o a l  d e n s i t i e s  a r e  c o m m o n l y  

c o n s i d e r a b l y  l o w e r  t h a n  t h o s e  of  t h e  a d j a c e n t  beds ,  The combination 

of t he se  two l o g g i n g  t e c h n i q u e s  a c c u r a t e l y  measures  c o a l  i n t e r v a l s  and 

s h a l e y  p a r t i n g s  w i t h i n  a sed imenta ry  sequence, 

A Well  Reconnaissance,  I nc .  Geologger ( ~ o d e l  Number 8036 )  was u s e d  t o  

l o g  t h e  h o l e s .  I t  w a s  m o u n t e d  o n  a  g e n e r a t o r - e q u i p p e d  

Bombardier- t racked v e h i c l e .  A 6 - f o o t  gamma-ray s c i n t i l l a t o r  p r o b e  

w i t h  a  n o n - s t r e t c h i n g  c a b l e  p r o v i d e d  a c c u r a t e  d e p t h  measurements f o r  

c o r r e l a t i o n  of  t h e  g e o p h y s i c a l  l o g s  w i t h  t h e  l i t h o l o g i c  ( r o t a r y  

c u t t i n g s  1 logs ,  



I n t e r p r e t a t i o n s  o f  t h e  l o g e  w e r e  made b a s e d  o n  c h a r a c t e r i s t i c  

d e f l e c t i o n e  ( m a g n i t u d e ,  s h a p e ,  n o i s e  i n t e n s i t y ,  e t c , )  and subsequent 

comparieon w i t h  , l i t h o l o g i c  l o g r ,  I n  g e n e r a l  i t  war  d i f f i c u l t  t o  make 

l i t h o l o g i c  c o r r e l a t i o n s  f rom h o l e  t o  h o l e  w i t h o u t  t h e  a i d  o f  t h e  

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

h o l e s  we re  e a s i l y  l o c a t a b l e  and, i n  g e n e r a l ,  were w i t h i n  a few f e e t  of 
' 3 

t h e  d e p t h s  shown o n  t h e  c o r r e s p o n d i n g  c u t t i n g s  l o g s ,  L i t h o l o g i c  

c o r r e l a t i o n  o f  t h e  f i v e  b a s i c  rock  u n i t s  u s i n g  g e n e r a l i z e d  geophys ica l  

s i g n a t u r e s  from h o l e  t o  h o l e  w i t h i n  t he  p r o s p e c t  a r e a  was a l s o  f a i r l y  

r e l i a b l e .  A more c o m p l e t e  d i s c u s s i o n  and  t h e  o r i g i n a l  l o g s  and 

i n t e r p r e t a t i o n s  a r e  conta ined  i n  a  eupplementary r e p o r t ,  t h e  c o m p l e t e  

c o n t e n t s  of which a r e  l i s t e d  i n  Appendix G. 



MINING P U  

Although some c o n s i d e r a t i o n  war g iven  t o  o t h e r  m i n i n g  m e t h o d s ,  modern 

e n v i r o n m e n t a l l y  a c c e p t a b l e  open  p i t  mining p r a c t i c e  appea r s  t o  be by 

f a r  t h e  most  e c o n o m i c a l .  T h i s  i s  e s p e c i a l l y  s o  w i t h i n  t h e  t h i c k e r  

s e c t i o n s  o f  t h e  seam whe re  s t r i p p i n g  r a t i o s  a r e  less t h a n  2 : l .  The 

f o l l o v i n g  d i s c u s s i o n  i s  t h e r e f o r e  developed around a n  open  p i t  d e s i g n  

w h e r e  w a s t e  f rom one s e c t i o n  of t h e  p i t  i s  backhauled t o  a  p r e v i o u s l y  
'I 

mined s e c t i o n  and used t o  r e c l a i m  t h e  p i t  t o  n e a r  f o r m e r  t o p o g r a p h i c  

c o n t o u r s  l a t e r .  C o s t s  a r e  e x p r e s s e d  i n  1985 d o l l a r s  a n d ,  w h i l e  

a m o r t i z a t i o n  of  equipment i s  i nc luded ,  t h e  c o s t  of f i n a n c i n g  i s  no t .  

I n i t i a l  Development of t h e  Mine 

I n i t i a l  deve lopmen t  o f  t h e  mine w i l l  r e q u i r e  t h e  c o n s t r u c t i o n  of  a  

h a u l  r oad ,  c o a l  s t o c k p i l e  pad, a i r s t r i p ,  camp f a c i l i t y ,  and  d i v e r s i o n  

d i t c h  ( F i g u r e  5 ) .  Haul - road  and camp c o n s t r u c t i o n  w i l l  t a k e  p l a c e  

o v e r  a 2 -yea r  p e r i o d .  Heavy e q u i p m e n t ,  f u e l ,  and t e m p o r a r y  camp 

f a c i l i t i e s  w i l l  b e  d e l i v e r e d  t o  Wi l l ow  Bay i n  t h e  f a l l .  The n e x t  

s p r i n g  b e f o r e  b r e a k u p ,  t h e  equ ipmen t  and camp w i l l  b e  moved c r o s s  

c o u n t r y  t o  t h e  c a m p s i t e .  A i r s t r i p  and h a u l  r o a d  c o n s t r u c t i o n  w i l l  

t a k e  p l a c e  t h e  f i r s t  summer u s i n g  g r a v e l s  f r o m  t h e  b a r s  a n d  

f l o o d p l a i n s  o f  t h e  n e a r b y  Kugruk R i v e r  o r  s u i t a b l e  m a t e r i a l  f rom 

w i t h i n  t h e  p i t  a r ea .  The same equipment w i l l  be used  f o r  t h i s  i n i t i a l  

development a s  w i l l  l a t e r  be  used t o  s t r i p  and mine t h e  c o a l .  





E a r t h f  ill S t r u c t u r e r  

The l a r g e s t  and e a r l i e s t  e a r t h m o v i n g  e f f o r t  w i l l  be c o n s t r u c t i o n  of  

t h e  road .  The r o a d  w i l l  b e  a b o u t  1 0  m i l e s  l o n g ,  b u i l t  a s  a  g r a v e l  

o v e r l a y  a v e r a g i n g  35 f e e t  i n  w i d t h  and  5  f e e t  i n  t h i c k n e s s .  About 

350,000 c u b i c  y a r d s  of g r a v e l  w i l l  b e  r e q u i r e d .  A s t r a i g h t  s e c t i o n  

w i d e r  t h a n  t h e  r e s t  w i l l  b e  b u i l t  n e a r  t h e  camp f a c i l i t y  t o  s e r v e  a r  
I 

an a i r s t r i p .  The road w i l l  r e q u i r e  f i v e  months t o  b u i l d .  G r a v e l  p a d s  

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

bunkhouse a r e a s .  A pad s u i t a b l e  f o r  c o a l  s t o c k p i l e  w i l l  b e  l a i d  down 

a t  t h e  t e r m i n u s  o f  t h e  r o a d  a t  W i l l o w  Bay. A d i t c h  a p p r o x i m a t e l y  

5 ,000 f e e t  i n  l e n g t h  and s m a l l  d i v e r s i o n  dam w i l l  b e  c o n s t r u c t e d  o n  

C h i c a g o  C r e e k  u p s t r e a m  f r o m  t h e  p i t  a r e a .  A p p r o x i m a t e l y  1 1 5 , 0 0 0  

a d d i t i o n a l  y a r d s  of  g r a v e l  w i l l  be  needed f o r  t h e s e  p u r p o s e s .  A t o t a l  

g r a v e l  r e s o u r c e  b a s e  of  500, ,000 y a r d s  i s  assumed f o r  c o n s t r u c t i o n  

( T a b l e  5 ) .  Because a  m a j o r i t y  of  t h e  a n n u a l  h e a v y  h a u l i n g  w i l l  t a k e  

p l a c e  i n  A p r i l  w h i l e  t h e  r o a d b e d  i s  s t i l l  f r o z e n ,  r o a d - d e s i g n  

r e q u i r e m e n t s  can  be  minimized. 

The  c o a t  o f  t h i s  c o n s t r u c t i o n  ( i n c l u d i n g  l i m i t e d  funds  f o r  temporary  

camp, p l a n n i n g ,  e n g i n e e r i n g ,  and e n v i r o n m e n t a l  b a s e l i n e  s t u d i e s  o v e r  a 

2-year p e r i o d )  i s  e s t i m a t e d  t o  be  $4.6 m i l l i o n  (Tab le  6 ) .  



TABLE 5 

Gravel Requirements f o r  Road, A i r f i e l d ,  Camp, 
and Pad Construction 

Approximate 
Cubic Yards * C  

( x ~ , O O O  Tota l s  

1 .  Road (10 Miles X 35 Feet  X 5 Feet )  

2. Other 

A. Extra Material for Airstr ip  
( 35' X 5,280' X 5') 34 

Bo Shop/~enerator/Puel  Storage Pad 
(200'  X 250'  X 10') 19 

C. ~unkhouee/~afeteria/~ecreation/~ousing/ 
Drain F i e l d  Pad: 

(200' X 350' X 10') 26 
D .  Camp Road Complex 

( 35'  X 3,000' X 5') 19 
E, Willow Bay Storage Pad 15 
Po Miscellaneous 37 - 

TOTAL 



TABLE 6 

S i t e  Improvement Coats 

Year 1 ( 5  Monthr) 

Road 6 A i r s t r i p  ~ o n s t r u c t i o n :  

F i e l d  Labor . . . . . . . . . . . .  $1,050,000 
Equipment Cost .  . . . . . . . . . .  1,000,000 
Home Of f i ce  & S a l a r i e e .  . . . . . .  220,000 
Air Transportat ion .  . . . . . . . .  50,000 
C u l v e r t s  & Bridgee .  . . . . . . . .  100,000 
Temporary Camp Coste .  . . ~ . . . .  150,000 
Water Supply System . . . . . . ~ .  100,000 
Drain F i e l d s .  . . . . . . . . . . .  150.000 $2,820,000 

Year 2 ( 5  Ifonthe) 

Continued Construct ion  & Overburden S t r i p p i n g  
a t  Normal Annual Operation Cost (See Table  13) 

Contingency (15%)  

Subtotal  

TOTAL SITE IMPROVEMENT COSTS (YEARS 1 & 2 )  



Permanent C a m p  F a c i l i t y  

The pe rmanen t  camp h a r  c o m p l e t e  f a c i l i t i e s  f o r  20 men and i n c l u d e r  a 

60-X-140-foot shop-warehouee ( ~ i g a r e  61 ,  C o n s t r u c t i o n  m a t e r i a l 0  , 88  

w e l l  a s  p e r m a n e n t  f u e l  s t o r a g e  t a n k a ,  a r e  t o  b e  d e l i v e r e d  t o  Wi l l ov  

Bay du r ing  t h e  f a l l  o f  Year  1. The i n i t i a l  camp w i l l  h a v e  d i e s e l  

g e n e r a t o r s  w i t h  w a s t e  h e a t  u t i l i z a t i o n ,  I n  f u t u r e  y e a r s ,  a  s m a l l  

c o a l - f i r e d  sy s t em would e v e n t u a l l y  p r o v i d e  pr ime power. The p e r m a n e n t  
'b 

camp would b e  f i n a l l y  c o n s t r u c t e d  d u r i n g  t h e  s p r i n g  and  summer o f  

Year 2, c o n c u r r e n t  w i t h  t he  onse t  of c o a l  s t r i p p i n g  a c t i v i t i e s .  F u l l  

o c c u p a n c y  i e  p l a n n e d  f o r  e a r l y  p a r t  o f  Year 3 when t h e  f i r s t  c o a l  

mining would a c t u a l l y  begin.  The permanent camp i s  e s t i m a t e d  t o  c o s t  

$1.8 m i l l i o n  (Table  7 ) .  

Design of  t h e  Oven P i t  

T h e  p r o p o s e d  p i t  ( F i g u r e  7 )  i s  t o  b e  d e v e l o p e d  a r  a 

t ruck-shove l - loader  o p e r a t i o n  w i t h  haul-back o f  was te  o c c u r r i n g  a s  t h e  

mine  p r o c e e d s .  The i n i t i a l  open  p i t  w i l l  b e  a t  t h e  s o u t h e r n  end o f  

t h e  d r i l l  r e s e m e e  n e a r  t h e  h i s t o r i c  C h i c a g o  C r e e k  m i n i n g  o p e r a t i o n .  

T h e  l a t e s t  r e s e r v e  a n d  o v e r b u r d e n  e s t i m a t e s  would i n d i c a t e  t h a t  

i n i t i a l  development o f  t h e  p i t  would l o g i c a l l y  commence i n  Segmen t s  IB 

and IIA ( s e e  T a b l e  5 and F igu re  7 )  where s t r i p p i n g  r a t i o s  a r e  1.7 and 

1.6:l r e s p e c t i v e l y .  Taking advantage  o f  t h e  l o w e r  t o p o g r a p h y  o f  t h e  

Chicago Creek v a l l e y ,  t h e  p i t  cou ld  



E X P L A N A T I O N  

ES. - Fuel Storage 
S. - Shop (6000 sf )  and Warehouse/Office ( 4 0 0 0  sf) Gravel Pad 

B.H.- Bunkhouse ( 2 5 0 0  sf) 
C.K. - ,Cafeteria- Kitchen (1500sf) 
R. - Recreation (1000sf)  

E.M. - Future Employee Modules 
B 

G. - Power supply 

- 
Electr ic  Distribution - 

Water Supply 

Scale : 1 " = 400' 

SXE TCH OF PROPOSED CAMP FAClL / TIES 

F'dgure 6 



TABLE 7 

Permanent Camp Cost r 

I n i t i a l  Coats:  
~ a f  e t e r i a / ~ u n k h o u ~ e  F a c i l  i t i e a  (20 peop le )  

Bunkhoure 2,500 SF 
C a f e t e r i a  6 Ki tchen  1,500 SF 
~ e c ' r e a t i o n  1.000 SF 
Shower 

Shop/Warehouse/Office 
Warehouse/Off i c e  4,000 SF @ $ ~ O / S F  - 600,000 
Shop (3  Bay, 

60' X 100') 6,000 SF @ $ 1 2 0 / ~ ~  = 720.000 = 960,000 

U t i l i t i e s  
Genera tor  ( 2  - 150 KW);  

Switch Gear  ( 2  - 50 KW) 
Transmis s i o n  System 
Water Hookup 
Sewer Hookup 

Fue l  Tanks  ladder) 125,000 GAL @ $ 6 0 1 ~ ~ ~  I 7 5.000 

TOTAL INITIAL COST 
ANNUALIZED INITIAL COST (30 YEARS) 

Annual Costs  : 
Supp l i e s  ( ~ o o d  $ 2 O / ~ a n - ~ a ~  X 15 Men X 120 Days $ 36,000 

E l e c t r i c a l   ene era ti on 
Fuel--1. 15.0 ~ a l / H r  X 12 ErslDay 

X 150 Day8 X $ 1 . 2 5 / ~ a l  33,7 50 

2.5 ~ a l / ~ r  X 12 ~ r e / D a y  
X 150 Daye X $ 1 . 2 5 / ~ a l  5,625 

Maintenance 27,750 
Reserve t o  Replace  @ 10  Years 15.000 98,250 

Misce l laneous  Maintenance 

TOTAL 
+ 15% CONTINGENCY 
TOTAL ANNUAL COST 



Figure 7 :  THIRTY-YEAR P I T  AND ASSOCIATED STRUCTURES 



TABLE 8 

Summary of Open P i t  Data 

I SEGMENTS I AVE 1 TOTAL 1 
I IA I IB I IIA I IIB I 1x1 I V A L U E  I V A L U E ~  
1 I 1 I I I 1- I 

Average Coal  Thickness  ( ~ t )  1 37.5' 1 85.0' 1 83.0' 1 34.0' 1 18.0' 1 51.5' 1 1 
I I 1 I I I I 1 

Average  Dip 1 4 5  1 5 1  1 47 1 69 1 70 1 5 6  1 I * C  

I I I I I I I 1 
Depth of  Overburden ( ~ t )  1 15.0'1 15.0'1 25.0'1 25.0'1 25.0'1 21.0' 1 I 

I I I I I I I I 
T o t a l  V e r t i c a l  Depth ( ~ t )  1300.0' 1300.0' 1 250.0' 1 200.0' 1 200.0' 1 -- 1 -- 1 

I I I I I I I I 
Dip Depth (~ t ) I360 .0 '1360 .0 ' I  250.0'1 195.0'1 195.0'1 -- I -- I 

I I 1 1 I I 1 I 
Length  ( ~ t  1 1800.0' 1700.0' I 650.0' 1 730.0' 1 840.0' 1744.0' 13,720 1 

I I I I I I I I 
S t r i p p i n g  Volume I 1 I I I I I I 

(X 1000 Yd3) 11,832 11,566 1 993 1 679 1 781  1 -- 15,851 1 
I I 1 I I I I I 

Mineab le  Coal  Volume I 1 1 I 1 1 I I 
( ~ 1 0 0 0  Tons) 1 459 1 910 1 610 1 194 1 118 1 -- 12,291 1 

I I I 1 I I 1 I 
Years  t o  be Mined 1 1 1 I I 1 1 I 

( @  5 0 , 0 0 0 1 ~ r )  1 9.1'1 18.2'1 12.2'1 3.9'1 2.4'1 -- 1 45.81 
I I I I 1 I I I 

S t r i p p i n g  R a t i o  1 4.0:111.7:1 1 1.6:l 1 3.5:1 1 6.6:l  12.55:11 1 
I I I I 1 I * I I 
I 1 1 1 1 1 1- I 

* Weighted a c c o r d i n g  t o  c o a l  volume. 



commence development i n  I I A  and move s o u t h w a r d  i n t o  I B .  I n i t i a l l y ,  

e x c a v a t e d  waste  r o c k  would b e  u r e d  a8 road  base  m a t e r i a l ,  bu t  e x c e s r  

o r  u n s u i t a b l e  m a t e r i a l  c o u l d  b e  s t o c k p i l e d  j u s t  downs t r eam of  t h e  

o p e r a t i o n  and a d j a c e n t  t o  t h e  a c c e r s  ramp, 

U l t i m a t e  p i t  d e p t h s  o f  300  f e e t  b e l o w  t h e  s u r f a c e  a r e  p l a n n e d  f o r  

Segmen t s  I A  and I B ,  d e c r e a s i n g  t o  250 f e e t  below s u r f a c e  i n  I I A  p a r t l y  

because  o f  topography and t o  200 f e e t  i n  I I B  and 111, C o a l  and  w a l l  
1 

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

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

e n c o u n t e r e d .  The re fo re ,  t h e  p i t  h ighwa l l  has been des igned  a t  a  s l o p e  

o f  112  t o  1. T h e s e  s l o p e s  i n  s i m i l a r  m a t e r i a l  h a v e  b e e n  u s e d  

succes  s f u l l y  a t  t h e  Healy and Matanuska c o a l  o p e r a t i o n s .  

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

f o o t w a l l  o f  t h e  seam. S t r i p p i n g  no  more  t h a n  two y e a r s  i n  advance 

w i l l  a l l o w  t h e  t o e  o f  t h e  seam t o  b e  b u t t r e s s e d .  A l s o ,  i f  m a s s i v e  

s u d d e n  e l o p e  f a i l u r e  does occu r ,  i t  w i l l  on ly  d e s t r o y  a  maximum of two 

y e a r s '  supply  o f  s t r i p p e d  coa l .  I n  a  t y p i c a l  y e a r ,  ample  t i m e  would  

r e m a i n  i n  A u g u s t  and  September f o r  r emed ia l  s l o p e  r e p a i r s  shou ld  t h e y  

become neces  s a r y  (See "Operations '  Act i v i t i e s  -- S t r i p p i n g  &  ini in^"). 

A c c e s s  i n t o  Segment I / P i t  I w i l l  be ga ined  by c u t t i n g  a  sha l l ow  a c c e s s  

s l o t  t o  t h e  s o u t h  a long  s t r i k e  and b u i l d i n g  a  h a u l  r o a d  a t  a maximum 

15% g r a d e  i n t o  t h e  p i t  h i g h w a l l .  The p i t  would h a v e  a  long  enough 

s t r i k e  l e n g t h  t o  a l low hau l  roads  a long  t h e  h ighwa l l  w i t h o u t  h a v i n g  t o  



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

c ros r - rec t ionm o f  t h e  p i t  a r e  shown i n  F i g u r e  8. 

The s h o r t  m i n i n g  s e a s o n ,  r e l a t i v e l y  s m a l l  demand, r e m o t e  l o c a t i o n ,  

s h o r t  i c e - f r e e  barg ing  s e a s o n ,  and s h a l l o w  w a t e r s  o f  K o t z e b u e  Soand 

w i l l  r e q u i r e  c r e a t i v e  s o l u t i o n s  i f  t h e  d e l i v e r e d  p r i c e  o f  t h e  c o a l  i s  
' c 

t o  be  k e p t  a t  a  minimum. One o f  t h e  b e s t  methods  o f  a c h i e v i n g  t h i s  

w i l l  b e  t o  s e q u e n c e  t h e  m i n i n g  and t r a n s p o r t i n g  e v e n t s  acco rd ing  t o  

c l i m a t e  and ground cond i t i ons .  S t r i p p i n g  and m i n i n g  a c t i v i t i e s  w i l l  

b e  r e s t r i c t e d  t o  t h e  s p r i n g  a n d  summer months  i n  o r d e r  t o  t a k e  

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

m i n i m i z e  e q u i p m e n t  m a i n t e n a n c e .  I n  a  t y p i c a l  y e a r ,  o p e r a t i o n e  w i l l  

b e g i n  i n  e a r l y  A p r i l  when t h e  e x p o s e d  c o a l  bed w i l l  b e  m i n e d  a n d  

h a u l e d  t o  Willow Bay and s t o c k p i l e d .  Th i s  mining and h a u l i n g  w i l l  t a k e  

o n e  month.  A11 heavy  h a u l a g e  o v e r  t h e  r o a d  t o  W i l l o w  Bay w i l l  b e  

Comple t e  by e a r l y  May be fo re  s p r i n g  thaws. The crews w i l l  t hen  beg in  

t o  s t r i p  t h e  o v e r b u r d e n  f o r  t h e  n e x t   season.',^ m i n i n g  w h i c h  w i l l  

c o n t i n u e  f o r  2 t o  3 monthe, depending on t h e  dep th  of p i t .  S t r i p p i n g  

and r e c l a m a t i o n  o p e r a t i o n s  w i l l  be  completed by September 1. 
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A summary of proposed mining and s t r i p p i n g  o p e r a t i o n s  a r e  p r e s e n t e d  i n  

T a b l e  9 .  S t r i p p i n g  i a  s o  s c h e d u l e d  t h a t  a t  l e a s t  one y e a r e , s  c o a l  

supply,  bu t  no more than  two ( s e e  p i t  d e s i g n  d i s c u s s i o n )  i s  e x p o s e d  

b e f o r e  t h e  summer's s t r i p p i n g  i n  complete,  Due t o  t h e  low s t r i p p i n g  

r a t i o a ,  t h e r e  w i l l  b e  some yea r s  when s t r i p p i n g  a c t i v i t i e s  w i l l  n o t  b e  

necesaary.  

Equipment S e l e c t i o n  

S e v e r a l  c h a r a c t e r i s t i c s  o f  t h e  p r o j e c t  s u g g e s t  t h a t  new, p r o v e n  

c o n s t r u c t i o n  equipment should be s e l e c t e d .  Equipment y e a r l y  u s e  t i m e  

i s  low- -ave rag ing .  1 ,000  h o u r s  a n n u a l l y .  Volume t o  be moved i s  a l s o  

small--2,549,000 c u b i c  yards  of overburden and 1 , 5 0 0 , 0 0 0  t o n s  o f  c o a l  

o v e r  3 0  y e a r s ,  o r  8 5 , 0 0 0  c u b i c  y a r d s  a n d  50,000 t o n s  a n n u a l l y .  

A l t h o u g h  a n n u a l  u s e  i s  l o v ,  any equ ipmen t  downtime i n  t h i s  r e m o t e  

l o c a t i o n  w i l l  h a v e  a  s i g n i f i c a n t  impac t  on p roduc t ion  and expenses.  

 heref fore, new e q u i p m e n t ,  r a t h e r  t h a n  g o o d  u s e d  o r  r e b u i l t  u s e d  

e q u i p m e n t ,  h a s  been s p e c i f i e d  f o r  t h e  p r o j e c t .  The equipment s u i t e  

(Table  1 0 )  s e l e c t e d  i r  t ime p roven  i n  A l a s k a n  c o n d i t i o n s  a t  p l a c e r  

such a s  Healy and on  t h e  North Slope. 

S t r i p p i n g  c o s t  e s t i m a t e s  assume t h a t  t h e  r o c k  i s  t o  be both d r i l l e d  

and b l a s t e d  a n d  f u r t h e r  r i p p e d  a n d / o r  r i p p e d  and  p u s h e d  p r i o r  t o  

l o a d i n g .  D r i l l i n g  and b l a s t i n g  w i l l  be accomplished by a  r o t a r y  d r i l l  

and t r u c k  u t i l i z i n g  ammonium n i t r a t e  powder ( T a b l e  111, w h i l e  r i p p i n g  



TABLE 9 

Year 

Mining and Stripping Summary for Segments I B  & IIb 

Months Operational Coal Production 
(tone 1 

BUILDING HAUL ROAD 
AND A I R S T R I P  

BUILDING CAMP AND 
PORT F A C I L I T Y  

50,000 
50,000 
50,000 
50,000 
50,000 
50,000 
50,000 
50,000 
50,000 
50,000 
50,000 
50,000 
50,000 
50,000 
50,000 
50,000 
50,000 

Stripping 
(cy 1 

--- 
Coal Stockpi le  

95,000 
130,000 
130,000 
130,000 



TABLE 1 0  

Equipment Ownership & O p e r a t i n g  C o s t s  

P u r c h a s e  P r i c e  co s t / H o u r  
1 / 2 / 

350 P a y h a u l e r a  
2 - O p e r a t i n g  $ 733,860 $161.64 
1 - Standby  366,930 36.69 

Cat  245 Backhoe 510,850 91 e90 
Cat  D-9L ( 2  Ea) 479,251 108.62 
Cat D-7 217,350 54.00 
Cat  166 Blade  296,100 5 5  .74 
Cat 988 Standby 90,000 9 .OO 
Ro ta ry  D r i l l  26 9 ,000 60 .OO 
Anfo Truck 55,000 15.00 
Coal  D r i l l  20,000 
Lube-Welder Truck 88,000 
Boom Truck 84,500 
Fue l  Truck 30,000 
Lowboy 60,000 
Pickups  ( 2  EA) 30,000 
Suburban ( 1  EA) 20,000 
M i s c e l l a n e o u s  Equipment 20,000 
Shop Equipment 150,000 

TOTAL EQUIPMENT COST 3,521,952 

TOTAL YEABLY EQUIPMENT COST $638,5 90 

11 FOB Willow Bay 

21 Does n o t  i n c l u d e  o p e r a t o r s '  wages, i n t e r e s t ,  t a x e s ,  o r  
i n s u r a n c e ,  b a s e d  on 1 ,000 hours  p e r  y e a r .  

TABLE 11 

Powder C o s t s  

P u r c h a e e  @ S e a t t l e  $.15/Lb. 
F r e i g h t  t o  Willow Bay . 21 /Lb $.36/lb. o r  $36.001 100 Lb. 

Add 1 GAL D i e s e l  @ $1.25/GAL 1.25 
$37.251100 Lb. 

A t  a  power f a c t o r  of  1 ,  t h i s  y i e l d s  $.371cy 

Year ly  Cost  $.37/cy X 2,559,000 cy $946,830 i 30 = $31,561 

4 6 



a n d / o r  r i p p i n g / p u s h i n g  w i l l  u t i l i z e  D-9L d o z e r s .  A Cat 2 4 5  b a c k h o e  

w i t h  a Cat  988 l o a d e r  s t a n d b y  w i l l  l o a d ,  a n d  f o u r  I n t e r n a t i o n a l  350 

a l l - w h e e l  d r i v e  P a y h a u l e r a  w i t h  an  e x t r a  one  f o r  s t a n d b y  w i l l  h a u l  t h e  

c o a l  and w a s t e ,  The d u m p s i t e  w i l l  b e  p o l i c e d  by e i t h e r  one of t h e  

D-9,',e o r  a  D - 7 .  A l l  o f  t h i s  e q u i p m e n t  i s  o f f - t h e - s h e l f  

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

env i ronments  and i s  r e a d i l y  o p e r a b l e  by  t h e  l o c a l  l a b o r  f o r c e .  The 

3 5 0 - t y p e  P a y h a u l e r s  w i l l  come equipped w i t h  b o t h  50-ton c o a l  boxes and 
'L 

21 c u b i c  y a r d  r o c k  boxes ,  s o  t h e y  can h a u l  bo th  c o a l  t o  W i l l o w  Bay i n  

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

o p e r a t i o n s .  

A 1 0 - y e a r  l i f e  i s  p l a n n e d  f o r  a l l  e q u i p m e n t .  T h i s  c o r r e s p o n d s  t o  

a b o u t  1 0 , 0 0 0  t o t a l  h o u r s  ( o r  1 , 0 0 0  h o u r s  a v e r a g e  p e r  y e a r ) ,  w h i c h  

f  a 1  1s w e l l  w i t h i n   manufacturer'.^ r e c o m m e n d a t i o n e  f o r  t h i s  t y p e  o f  

u s a g e .  We have  assumed t h e  equipment would b e  r e p l a c e d  t w i c e  w i t h  a n  

e q u i v a l e n t  equipment  s p r e a d .  However, by t h e  end o f  1 0  y e a r s ,  b o t h  t h e  

g e n e r a l  c h a r a c t e r i s t i c s  of t h e  o p e r a t i o n  w i l l  b e  w e l l  w o r k e d  o u t  and  

a d d i t i o n a l  d e t a i l s  o f  t h e  d e p o s i t  w i l l  b e  p roven  t h r o u g h  e x p l o r a t i o n  

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

t e c h n o l o g y  o r  a  c h a n g e  i n  min ing  p l a n s  o r  sequence  o r  p r o d u c t i o n  r a t e  

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

w o r d s ,  t h e r e  i s  b u i l t - i n  f l e x i b i l i t y  i n  t h i s  a p p r o a c h ,  a s  compared 

w i t h  p l a n n i n g  a  30-year o p e r a t i o n  a r o u n d  a  s i n g l e  e x p e n s i v e  p i e c e  o f  

equipment  such a s  a  l a r g e  d r a g l i n e .  



h t o t a l  c r e w  s i z e  o f  1 2  i s  p l a n n e d  f o r  t h e  min ing  o p e r a t i o n  d u r i n g  a  

3-month  f i e l d  eeaeon w i t h  year-round o f f i c e  s t a f f  o f  t h r e e  s t a t i o n e d  

i n  K o t z e b u e  ( T a b l e  1 2 ) .  A f u l l y  b u r d e n e d  wage r a t e  o f  $35/hour i r  

u s e d  i n  t h e  a n a l y s e s  w h i c h  i n c l u d e r  a l l  o v e r t i m e  a n d  e m p l o y e r ' , e  

c o n t r i b u t i o n e .  The superintendent/engineer, foreman,  and shop foreman 

a r e  k e y  peop le  t o  t h e  f i e l d  o p e r a t i o n  and shou ld  b e  p a i d  y e a r - r o u n d  t o  
' L 

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

K o t z e b u e  f a c i l i t i e s  i n  t h e  w i n t e r .  A w i n t e r  c a r e t a k e r  s h o u l d  b e  

r e t a i n e d  a t  t h e  mine  t o  p r e v e n t  vandal ism.  A year- round home o f f i c e  

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

p r o b a b l y  be  l o c a l  h i r e  ( ~ o t z e b u e  o r  v i c i n i t y ) ,  it i s  v e r y  l i k e l y  t h a t  

s e v e r a l  of t h e  i n i t i a l  s a l a r i e d  and  y e a r - r o u n d  c r e w  w i l l  n e e d  t o  b e  

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

p e o p l e  f o r  s a l a r i e d  j o b s .  C a r e  s h o u l d  b e  t a k e n  t o  see t h a t  t h e i r  

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

s u c c e s s f u l l y  t r a i n  a  r e s i d e n t  s t a f f .  The a v e r a g e  a n n u a l  p r o d u c t i o n  

c o s t s  d e v e l o p e d  i n  t h i s  s t u d y  a r e  summarized i n  T a b l e  5 ,  which shows 

t h a t  t h e  average  a n n u a l  c o s t  t o  s t r i p  and h a u l  5 0 , 0 0 0  t o n s  o f  c o a l  t o  

s t o c k p i l e  a t  W i l l o w  Bay, w i t h  no p r o v i s i o n  f o r  r o y a l t i e s  o r  t a x e s ,  i s  

$1.5 m i l l i o n .  



TABLE 1 2  

Year ly  Labor Coatr  

Summer F i e l d  Labor : 
* 1 - Supe r in t endea t /Eng inee r  
* 1 - M i n i n g / s t r i p p i n g  Foreman 

3 - Truck D r i v e r s  
2 - Opera to r s  
1 - Laborer  

* 1 - Shop Foreman 
2  - Mechanics 
1 - Cook 
1 - Cook H e l p e r / ~ u l l c o o k  - 

12  - TOTAL 

1 2  X 1,000 H r s  Each X $35/Hr Avg $327,600 

Win te r  S a l a r i e s  ( 2  X $4,50O/Mo X 7  M O B )  63,000 

Win te r  C a r e t a k e r  (1  X $ 1 , 5 0 0 / ~ 0  X 7 Mas) 10 -500 

TOTAL MINE LABOR COSTS $401,100 

Home O f f i c e  i n  Kotzebue ( w / b e n e f i t s ) :  
1 - S e c r e t a r y / R e c e p t i o n i s t  $30,00O/Yr 
1 - Accountant  6 0 , 0 0 0 / ~ r  
1 - Genera l  Manager 8 0 . 0 0 0 / ~ r  

TOTAL HOME OFFICE COST $17 0,00O/Yr 

TOTAL ANNUAL HOBZE OFFICE + M I N E  LABOR COST = $571,100 



Summarv o f   cost^ 

The a v e r a g e  annua l  c o s t  t o  s t r i p  and h a u l  5 0 , 0 0 0  t o n e  o f  c o a l  t o  

s t o c k p i l e  a t  Willow Bay, with no p r o v i s i o n  f o r  r o y a l t i e r  o r  t a x e s ,  i s  

$ 1 , 5 5 3  , 0 0 0   able 1 3 ) .  T o t a l  c a p i t a l  inves tment  c o s t s  amount t o  

$9 ,926 ,000  (Table 14) .  Mining deve lopment  and p r o d u c t i o n  c o s t s  f o r  

t h r e e  product ion r a t e s  are  summarized i n  Table 15.  



TABLE 13 

Annual Operation Costs--Chicago Creek Mine 

Permanent Camp 

Mine Labor 

Home O f f i c e  Labor 

Equipment Ownership & Operating Cost 

Powder Cost 

Air  Transporta t i o n  

Home O f f i c e  Rent & U t i l i t i e s  

TOTAL ANNUAL OPERATION COSTS 

TABLE 14 

T o t a l  Capital  Investments--Chicago Creek Mine 

S i t e  Improvemente 

Equipment 

Permanent Camp 



TABLE 15 

Summary o f  Costs--Chicago Creek Open P i t  Mine 

I. Develoument C o s t s  

A .  E x p l o r a t i o n ,  Enviromental, 
and F e a s i b i l i t y  Studies  

B. C a p i t a l  Coets :  

1 .  S i t e  Improvement 
2. Equipment 
3. Permanent Camp 

T o t a l s  

11. Annual Product ion  Costs  

A B C 
50 ,000  100,000 150,000 

Tons /Year ~ o n s  /year Tons/Year 



GEOTECBNICAL CON3IDEBATIONS 

Geo techn i ca l  f a c t o r s  i n f l u e n c e  de s ign  and c o n s t r u c t i o n  of t h e  open p i t  

m i n e ,  camp a i r s t r i p  a n d  h a u l  r o a d ,  a n  e a r t h f i l l  dam d i v e r s i o n  

s t r u c t u r e  f o r  C h i c a g o  C r e e k ,  and t h e  c o a l  h a n d l i n g  f a c i l i t i e r  a t  

Willow Bay. 

Oven P i t  Mine 

The open p i t  m i n e  w i l l  h ave  a  h i g h w a l l  s l o p e  o f  1 /2(H)  t o  1 ( ~ ) ,  wi th  

i n t e r m e d i a t e  benches  15 t o  30 f e e t  w ide .  The f o o t w a l l  s l o p e  w i l l  b e  

45 d e g r e e s  ( t h e  d i p  o f  t h e  c o a l  seam) u n l e s s  s l o p e  f a i l u r e s  cause  it 

t o  become f l a t t e r .  

Ve ry  l i t t l e  i s  known o f  t h e  e n g i n e e r i n g  c h a r a c t e r i s t i c s  o f  t h e  s o i l  

and rock s t r a t a  t h a t  w i l l  be  exposed i n  t h e  min ing  o p e r a t i o n .  What i s  

known i s  q u a l i t a t i v e  i n  n a t u r e  and may be  summarized a s  fo l lows .  

W i t h i n  t h e  d e p t h a  o f  i n t e r e s t ,  t h e  s o i l  a n d  r o c k  i s  p e r m a n e n t l y  

f r o z e n ,  e x c e p t  f o r  t h e  a c t i v e  l a y e r  which i s  p r o b a b l y  on t h e  o r d e r  o f  

f i v e  f e e t  t h i c k .  The overburden a v e r a g e s  a b o u t  25 f e e t  i n  t h i c k n e s s  

a n d  c o n s i s t s  p r i m a r i l y  o f  i c e - r i c h  s i l t  and  o r g a n i c  m a t e r i a l  w i t h  

o c c a s i o n a l  i c e  wedges. The u n d e r l y i n g  r o c k  i n c l u d e s  c o a l ,  l i g n i t e ,  

s h a l e ,  s i l t s t o n e ,  c l a y s t o n e ,  and s c h i s t .  The c o n d i t i o n  of t he  rock  

a p p e a r s  t o  v a r y  f rom poo r ly  cemented and /o r  wea the r ed  t o  i n t a c t .  



The  o v e r b u r d e n  s o i l s  w i l l  be  u n s t a b l e  when thawed.  Howeve r ,  t h e  

h e i g h t  o f  s l o p e a  i n  t h i s  m a t e r i a l  ( a b o u t  25 f e e t )  a r e  such t h a t  t h e  

e l o p e r  may be  s e l f - h e a l i n g  o r ,  a t  t h e  w o r s t ,  should  r e q u i r e  o n l y  m i n o r  

maintenance.  

T h e  s t a b i l i t y  o f  e l o p e r  i n  t h e  r o c k  i s  more  d i f f i c u l t  t o  a s s e s r .  

Poo r ly  cemen ted ,  e o  i l - l i k e ,  r o c k  m i g h t  r e q u i r e  much f l a t t e r  s l o p e 8  

t h a n  p l a n n e d  t o  b e  s t a b l e  when thawed, However, t h e  thawing proceea  
L 

w i l l  t a k e  p l a c e  g r a d u a l l y  8 0  t h a t ,  i f  s l i d e s  o c c u r ,  t h e y  w i l l  b e  i n  

t h e  fo rm o f  s h a l l o w  s l o u g h i n g  r a t h e r  t h a n  deep-seated,  massive s l o p e  

f a i l u r e s .  The thawing and s l o u g h i n g  p r o c e e s  i n  s u c h  v e r y  weak r o c k  

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

t e n  f e e t  pe r  y e a r .  

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

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

d i s c o n t i n u i t i e s  t h a t  d i p  t o  t h e  e a s t .  On t h e  o t h e r  hand, t h e  bedding 

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

f o o t w a l l ,  I n  t h i s  c a s e ,  s l i d i n g  may occu r  i f  and when thawing r eaches  

a  weak d i s c o n t i n u i t y .  However, u n l e s s  s l o u g h i n g  o r  s l i d e s  o c c u r ,  t h e  

f r e e z e - t h a w  c y c l e  w i l l  o n l y  p e n e t r a t e  a  l i m i t e d  d i s t a n c e  i n t o  t h e  

e lope .  Th i s  phenomenon i s  equ iva l en t  t o  t h e  s u r f a c e  a c t i v e  l a y e r  and  

should  be l i m i t e d  t o  a d i s t a n c e  of t e n  f e e t  o r  l e s s  i n t o  t h e  s lope.  



I n  summary, it appea r s  t h a t  t h e  p l anned  h i g h w a l l  and  f o o t w a l l  e l o p e r  

a r e  r e a l i e t i c .  E v e n  if t h e  r o c k  i s  v e r y  w e a k ,  t h e  p e r m a f r o s t  

c o n d i t i o n  w i l l  l i m i t  t h e  e x t e n t  o f  s l i d e s  t h a t  c a n  o c c u r  a t  any  one  

t i m e .  The amount of  s l i d e  d e b r i s  t h a t  i s  l i k e l y  t o  b e  gene ra t ed  under 

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

p roduc t ion .  

Haul Road, A i r s t r i p .  and Gravel  Pads  

The h a u l  r o a d ,  a i r s t r i p ,  and pads w i l l  c o n s i s t  of  5-foot t h i c k  g r a v e l  

f i l l .  Source m a t e r i a l  f o r  c o n s t r u c t i o n  of  t h e s e  f i l l s  may b e  g r a v e l  

f r o m  t h e  Kugruk R i v e r  b a r s  and f l o o d p l a i n s  o r  c ru shed  r o c k  from nearby 

o u t c r o p s ,  o r  b o t h .  A t  t h i s  t i m e ,  t h e  v o l u m e  o f  f i l l  m a t e r i a l  

a v a i l a b l e  f r o m  r o c k  o u t c r o p e  h a s  n o t  been  e v a l u a t e d ,  n o r  h a s  t h e  

r e l a t i v e  economics o f  u s i n g  r i v e r  g r ave l  v e r s u s  c r u s h e d  rock.  

Summer c o n s t r u c t i o n  i s  p l a n n e d  f o r  t he se  f a c i l i t i e s .  Depending upon 

t h e  m a t e r i a l  s o u r c e ( s )  u s e d ,  w h e t h e r  t h e  m a t e r i a l  i s  f r o z e n  o r  

u n f r o z e n ,  and t h e  mining p l a n ,  r i p p i n g  and lo r  b l a s t i n g  may be  r equ i r ed  

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

i t  may b e  p o s s i b l e  t o  e x c a v a t e  some o r  a l l  o f  t h e  f i l l  m a t e r i a l  by 

s t r i p p i n g  r e l a t i v e l y  l a r g e  a r e a s  t o  s h a l l o w  d e p t h s .  On t h e  o t h e r  

h a n d ,  min ing  r e l a t i v e l y  conf ined  a r e a s  t o  g r e a t e r  d e p t h s  w i l l  probably 

r e q u i r e  b l a s t i n g  and b a c k h o e  e x c a v a t i o n .  R o c k  o u t c r o p s  may b e  

r i p p a b l e  i f  t h e  r o c k  i s  p o o r l y  cemented o r  h i g h l y  wea thered ;  i f  n o t ,  



b l a s t i n g  w i l l  b e  r e q u i r e d ,  A more d e t a i l e d  i n v e s t i g a t i o n  i s  r e q u i r e d  

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

f i l l - m a t e r i a l  s o u r c e s  and deve lop  a  mining p l an .  

I f  u n f r o z e n  g r a v e 1  o r  r o c k  i r  a v a i l a b l e  i n  s u f f i c i e n t  q u a n t i t i e s ,  it 

w i l l  be p o s s i b l e  t o  c o n s t r u c t  compacted f i l l s  t h a t  w i l l  r e m a i n  s t a b l e  

a n d  r e q u i r e  r e l a t i v e l y  l i t t l e  m a i n t a i n a n c e  t h e r e a f t e r .  However, i f  

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

recompacted a f t e r  t h e  i c e  me l t s .  T h i s  p r o c e s s  w i l l  o c c u r  t h r o u g h o u t  

t h e  c o n s t r u c t i o n  s e a s o n  and du r ing  t h e  f o l l o w i n g  summer, 

The 5-foot f i l l  t h i c k n e s s  w i l l  r educe ,  bu t  n o t  p r e v e n t ,  f u t u r e  t h a v i n g  

o f  t h e  u n d e r l y i n g  i n - s i t u  s o i l .  However, .  f o r  t h e i r  i n t e n d e d  u s e ,  

t h e s e  f i l l s  should  f u n c t i o n  a d e q u a t e l y  w i t h  some m a i n t e n a n c e .  A f t e r  

o n e  o r  two f r e e z e - t h a w  c y c l e s ,  t h e  f i l l s  a n d  t h e  u n d e r l y i n g  i n - e i t u  

s o i l s  w i t h i n  t h e  a c t i v e  z o n e  s h o u l d  b e c o m e  q u i t e  s t a b l e .  T h e  

l o n g - t e r m  p e r f o r m a n c e  o f  t h e  f i l l s  can  b e  e n h a n c e d  by m i n i m i z i n g  

d i s t u r b a n c e  t o  t h e  s u r r o u n d i n g  t u n d r a  and m a i n t a i n i n g  good s u r f a c e  

d r a i n a g e .  

Coal  Bandl inn F a c i l i t i e s  a t  Wil low Bay 

The c o a l  h a n d l i n g  f a c i l i t i e s  a t  Willow Bay w i l l  i n c l u d e  a  g r a v e l  pad 

f o r  s t o c k p i l i n g  c o a l ,  a  conveyor system, and a  b a r g e  dock. The g r a v e l  

p a d  w i l l  b e  c o n s t r u c t e d  i n  t h e  same m a n n e r  a s  d e s c r i b e d  i n  t h e  



preced ing  s e c t i o n ,  wi th  a d d i t i o n a l  p r o v i s i o n s  f o r  t h e  c o l l e c t i o n  and 

t r e a t m e n t  of runof f  wate r  and l e a c h a t e  from t h e  s t o c k p i l e .  

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

c o n s t r u c t  b r e e t i n g  d o l p h i n s  f o r  t h e  bargee.  Onshore, t h e  p i l e s  w i l l  

b e  i n s t a l l e d  i n  p e r m a f r o s t  a s  a d f r e e z e  p i l e s .  D e p e n d i n g  upon t h e  

n a t u r e  o f  t h e  p e r m a f r o s t  ( s o i l  o r  r o c k  t y p e  and ground t e m p e r a t u r e ) ,  

t h e  p i l e s  may e i t h e r  be d r i v e n  o r  p l a c e d  i n  a u g e r e d  h o l e e  w i t h  s l u r r y  
% 

b a c k f i l l .  O f f s h o r e ,  t h e  p i l e s  w i l l  b e  d r i v e n  i n t o  u n f r o z e n  s o i l ,  

D e s i g n  and i n s t a l l a t i o n  me thods  f o r  p i l e s  i n  t h e s e  c o n d i t i o n s  a r e  

r e l a t i v e l y  s t r a i g h t f o r w a r d  b u t  w i l l  r e q u i r e  a  more d e t a i l e d  p l a n  of 

t h e  f a c i l i t i e s  and s i t e - s p e c i f i c  g e o t e c h n i c a l  da t a .  

E a r t h f i l l  Dam and D ive r s ion  Ditch 

C h i c a g o  C r e e k  w i l l  b e  d i v e r t e d  a r o u n d  t h e  mine by c o n s t r u c t i n g  a n  

e a r t h f i l l  dam and d i v e r s i o n  d i t c h ,  M a t e r i a l  f o r  c o n s t r u c t i o n  o f  t h e  

e a r t h f i l l  dam w i l l  be  o b t a i n e d  f rom t h e  same sou rce s  a s  t h a t  f o r  t h e  

h a u l  road  and g r a v e l  pads,  A dam c o n s t r u c t e d  s o l e l y  o f  t h i s  m a t e r i a l  

i s  l i k e l y  t o  l e a k  e x c e s s i v e l y .  T h e r e f o r e ,  some t y p e  o f  impervioue 

s u r f a c i n g  w i l l  p r o b a b l y  b e  r e q u i r e d  on t h e  u p s t r e a m  f a c e .  N a t u r a l  

i m p e r v i o u s  m a t e r i a l s  do no t  appear  t o  be a v a i l a b l e  l o c a l l y ,  so it w i l l  

p robab ly  be neces sa ry  t o  u se  g e o t e x t i l e  m a t e r i a l  f o r  t h i s  purpose.  



C r e a t i o n  of a  pool of wa te r  behind t h e  dam and w a t e r  f l o v i n g  t h r o u g h  

t h e  d i v e r e i o n  d i t c h  w i l l  degrade t h e  permafrost i n  therre a r e a s ,  Th i r  

will r e s u l t  i n  i n s t a b i l i t y  and e r o s i o n  o f  t h e  t h a v e d  s o i l s  and may 

r e q u i r e  f r e q u e n t  m a i n t e n a n c e  u n t i l  t h e s e  a r e a e  adap t  t o  t h e  changed 

environment. 

Observatione From the  1985 Explora t ion  Seasoq  

A s  i n  p a s t  f i e l d  programs, t h e  c h i e f  o b j e c t i v e  of t h e  1985 work was t o  

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

i n f o r m a t i o n  r e m a i n s  q u a l i t a t i v e .  However, t h e  g r e a t  number of ho le s  

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

s u b s u r f a c e  g e o l o g i c  u n d e r s t a n d i n g  and o u r  con f idence  i n  t h e  g e n e r a l  

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

e v a l u a t i o n  o f  t h e  K u g r n k  R i v e r  f l o o d p l a i n ,  w h i c h  was done f o r  a  

p r i v a t e  c l i e n t  subsequent t o  complet ion of t he  c o a l  p r o g r a m ,  p r o v i d e d  

e x c e l l e n t  i n f o r m a t i o n  on t h e  c h a r a c t e r  of t h e  g r a v e l s  t h e r e ,  The 

f o l l o w i n g  comments a r e  t h e r e f o r e  made a s  an update  t o  t h e  g e o t e c h n i c a l  

i n fo rma t ion  base. 

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

hanging  w a l l ,  w i l l  b e  very good. T h i s  o b s e r v a t i o n  i s  b a s e d  on t h e  

f o l l o w i n g  d a t a :  ( 1 )  t h e  T e r t i a r y  s h a l e s  which  e n c l o s e  t h e  c o a l  

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

c h a r a c t e r ;  ( 2 )  p o r t i o n s  of  t he  h ighwal l  w i l l  be suppor t ed  by t h e  more 



w e l l - i n d u r a t e d  P a l e o z o i c  g r e e n s c h i s t s ;  a n d  ( 3 )  t h e  u n s t a b l e  

s a t u r a t e d - l o e r r  b l a n k e t  i s  s i g n i f i c a n t l y  t h i n n e r  on t h e  s o u t h  s i d e  o f  

Chicago Creek where t h e  g r e a t e s t  p o r t i o n  of t h e  demons t ra ted  r e s o u r c e s  

have been def ined .  

In t h e  mine  a r e a ,  t h e  on ly  s i g n i f i c a n t  g r a v e l  r e s o u r c e s  d e f i n e d  t o  

d a t e  a r e  c u r r e n t l y  r e s t r i c t e d  t o  t h e  Kugruk R i v e r  v a l l e y .  D u r i n g  t h e  

p l a c e r  e v a l u a t i o n  program, 32  h o l e s  were  d r i l l e d  t o  bedrock. Of t h e s e  
9. 

h o l e s ,  o n l y  two were found t o  be thawed. The h o l e s  we re  s p a c e d  a l o n g  

t h e  m a r g i n  o f  t h e  r i v e r  f o r  approx imate ly  two m i l e s ;  dep th  t o  bed rock  

averaged  abou t  15 f e e t .  T y p i c a l l y ,  t h e  s a n d y  g r a v e l s  o f  t h e  Kugruk  

a l l u v i u m  w e r e  o v e r l a i n  by 2-4 f e e t  o f  o r g a n i c - r i c h  s i l t s  and s i l t y  

g r a v e l s .  The f r o z e n  m a t e r i a l  could b e  r i p p e d  by a  l a r g e  C a t  a n d ,  w i t h  

c a r e ,  t h e  p i t s  c o u l d  b e  d e v e l o p e d  i n  s u c h  a  way t h a t  w a t e r  in-f low 

c o u l d  b e  m i n i m i z e d .  Auf  e i s  i s  a  r e g u l a r  and e x t e n s i v e  phenomenon  

a l o n g  t h e  Kugruk  R i v e r  and s h o u l d  be  p lanned  f o r  d u r i n g  e a r l y  s p r i n g  

g r a v e l  e x t r a c t i o n .  

O t h e r  g r a v e l s  a v a i l a b l e  i n c l u d e  a  s m a l l  r e s o u r c e  o n  t h e  beaches  o f  

W i l l o w  Bay. T h e s e  may b e  u s e f u l  f o r  a n  o v e r l a y  o n  t h e  p r o p o s e d  

d o c k i n g  causeway .  G r a v e l s  d i s c o v e r e d  o n  t h e  s o u t h e r n  end o f  and i n  

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

c h a r a c t e r  and  e x t e n t  t o  be  a p p r a i s e d ,  b u t  c o u l d  p o s s i b l y  p r o v i d e  a  

good s o u r c e  f rom w i t h i n  t h e  waste  a r e a  i t s e l f .  



O t h e r  1985 o b s e r v a t i o n s  p e r t a i n  t o  t h e  c o n t i n u e d  p o s s i b i l i t y  o f  

q u a r r y i n g  t h e  weathered  P a l e o z o i c  s c h i s t s  o r  T e r t i a r y  s h a l e s  f o r  

roadbarre m a t e r i a l ,  I n i t i a l  development of the  coa l  v i l l  r e q u i r e  a  c u t  

i n t o  t h e  n o r t h - f a c i n g  v a l l e y  v a l l  o f  Chicago Creek. The m a t e r i a l  

o v e r l y i n g  t h e  coa l  here i e  a  combination of s c h i s t  and s h a l e  and m i g h t  

p r o v i d e  an e a s i l y  developed s o u r c e  o f  m a t e r i a l  w h i l e  beginning  t h e  

exposure of the  coale ,  



COAL W D L I N G  AND TBANSPORT 

Aesaming t h a t  t h e  power p l a n t  i s  b u i l t  s o u t h  o f  K o t z e b u e ,  i t  w i l l  b e  

n e c e s s a r y  t o  t r a n s p o r t  t h e  c o a l  o u t  o f  t h e  mine a r e a ,  T h e r e  a re  

s e v e r a l  t r a n s p o r t a t i o n  o p t i o n s ,  i n c l u d i n g  r a i l r o a d ,  r o a d ,  a i r  

t r a n s p o r t ,  a n d  h o v e r c r a f t .  These  o p t i o n s  a r e  i m p r a c t i c a l  because  of 

t h e  s m a l l  s c a l e  o f  t h e  o p e r a t i o n  a n d / o r  t h e  l o w  u n i t  v a l u e  o f  t h e  

commodity.  A w i n t e r  i c e  r o a d  i s  n o t  f e a s i b l e  a c r o s s  Kotzebue Sound 
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because  of p r e s s u r e  r i d g e e  and a n n u a l  c o n s t r u c t i o n  a n d  m a i n t e n a n c e  

expense ,  

The o p t i o n  c h o s e n  f o r  c o n s i d e r a t i o n  i n  t h i s  r e p o r t ,  s e l e c t e d  because  

it u t i l i z e s  p r o v e n ,  e x i s t i n g  t e c h n o l o g y ,  i s  a  c o m b i n a t i o n  o f  t r u c k  

t r a n s p o r t a t i o n  t o  W i l l o w  Bay  and t u g  a n d  b a r g e  t r a n s p o r t  from Willow 

Bay t o  Kotzebue ( ~ i g u r e  9 ) .  This  o p t i o n  r e q u i r e s  a  r o a d  f r o m  t h e  m i n e  

t o  t h e  c o a s  t ; t h i s  r o a d  i s  probably r e q u i r e d  f o r  b r i n g i n g  i n  equipment 

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

t h e  mine  s e c t i o n ,  an  a n n u a l  p r o d u c t i o n  r a t e  o f  50,000 t o n s  o f  c o a l  was 

used  a s  a  b a s e  c a s e .  

Willow Bay F a c i l i t i e s  

A t  t h e  W i l l o w  Bay s i t e ,  c o a l  would be  h e l d  i n  a s t o c k p i l e  a r e a  which 

w o u l d  c o n s i s t  o f  a  l e v e l  g r a v e l  pad .  F a c i l i t i e s  f o r  d r a i n a g e  a n d  

t r e a t m e n t  o f  r u n o f f  w a t e r  may b e  r e q u i r e d .  A p a d  o f  a b o u t  9 0 , 0 0 0  

s q u a r e  f e e t  would h o l d  t h e  e n t i r e   season',^ p r o d u c t i o n  o f  5 0 , 0 0 0  t o n e ,  
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p i l e d  t o  a  dep th  of  30 f e e t ,  and a l l o v  20 f e e t  o f  w o r k i n g  room on a l l  

s i d e s .  The c o a l  woa ld  be  hau led  from t h e  mine s i t e  u s i n g  mine t r u c k r  

and s t o c k p i l e d  by one of  t h e  mine,',@ D-9 b u l l d o z e r s .  I n  t h i s  s t u d y ,  

t h e  c o a t 8  o f  t h e  s t o c k p i l e  and o f  s t o c k p i l i n g  have been inc luded  i n  

t h e  mining cos t s .  

L o a d i n g  o f  t h e  c o a l  a t  t h e  Wi l l ow  Bay s i t e  would  b e  done u s i n g  a  

c o n v e y o r  s y s t e m  f e d  by a  C a t  988 l o a d e r ,  I t  i s  a s s u m e d  t h a t  t h e  
'& 

m i n e ' s  l o a d e r s  w o a l d  b e  a v a i l a b l e  a t  t h e  t i m e  o f  t h e  l o a d i n g  

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

expenses ,  

B a r g e s  would b e  moored a t  a  dock f a c i l i t y  t o  a l l o w  load ing  r e g a r d l e s s  

o f  t h e  t i d e s .  Rigorous d e s i g n  paramete rs  f o r  t h e  c o n v e y o r  s y s t e m  and 

t h e  b a r g e  d o c k  c a n n o t  b e  s p e c i f i e d  w i t h o u t  o n - s i t e  e n g i n e e r ~ i n g  

s t u d i e s .  The s k e t c h  p l a n s  and p r o f  i l e e  shown on F i g u r e s  10 and 11, 

h o w e v e r ,  drawn u s i n g  t opog raph i c  maps, o b l i q u e  photographs ,  and inpu t  

f rom t h e  1983 f i e l d  c r e v ,  a r e  a c c u r a t e  enough  f o r  p r e l i m i n a r y  c o s t  

e s t i m a t e s .  

T h e  d o c k i n g  f a c i l i t y  would b e  k e p t  a s  s imple  a s  p o s s i b l e  t o  minimize 

c o s t s ,  Mike  S w a l l i n g ,  o f  S w a l l i n g  C o n s t r u c t  i o n  C o m p a n y ,  a n  

Anchorage-based  f i r m  wi th  exper ience  i n  marine c o n s t r u c t i o n ,  suggested 

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

w i t h  s h e e t p i l  i n g  ( p e r s o n a l  communication, 1985 ) .  Thia  would probably 

have  t o  be c leaned  eve ry  y e a r  b u t  .would b e  r e l a t i v e l y  s a f e  f rom i c e  
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damage .  S v a l l i n g  e u g g e e t e d  a  f a c i l i t y  o f  t h i s  t y p e  c o u l d  b e  

c o n s t r u c t e d  f o r  a p p r o x i m a t e l y  $750,000 o r  p o e e i b l y  Lees, I f  a more 

e l a b o r a t e  f a c i l i t y  i r  r e q u i r e d ,  a n  L- o r  T-shaped b r e a k w a t e r  w i t h  

e h e e t p i l e  o r  p i l i n g  b e r t h a  f o r  i n s t a n c e ,  c o s t a  would be  more on t h e  

o r d e r  o f  $ 1 , 5 0 0 , 0 0 0  t o  $ 2 , 0 0 0 , 0 0 0 .  O n - s i t e  e n g i n e e r i n g ,  

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

e p e c i f i c a t i o n e  f o r  a dock can b e  f i n a l i z e d ,  For  t h i s  s t u d y ,  we have  

c h o s e n  a  c o n a e r v a t i v e  a l t e r n a t i v e  of  a  s h o r t  p i e r  v i t h  do lphin8  a t  an 
' b 

approximate  c o s t  of  $l,OOO,OOOm 

P r e l i m i n a r y  c o s t  s and des ign  f a c t o r s  f o r  t he  .conveyor system obta ined  

w i t h  t h e  h e l p  of  Van Ooteghem Equipment  Company o f  Anchorage .  The 

c o n v e y o r  would  b e  a  250- foo t - long  and 30-inch-wide wire-rope system 

v i t h  a hopper f e e d e r  and a  t e l e s c o p i n g  barge loade r .  P r e l i m i n a r y  c o s t  

e s t i m a t e s  a r e  about  $1,000,000. 

A l l  b a r g i n g  w o u l d  t a k e  p l a c e  d u r i n g  t h e  i c e - f r e e  s e a s o n ,  which 

t y p i c a l l y  ex t ends  from mid-July t o  mid-October. I t  i s  aeeumed t h a t  a  

c o m m e r c i a l  m a r i n e  t r a n s p o r t a t i o n  company w i l l  b e  used .  A previoue 

s t u d y  ( A r c t i c  S lope  Engineers ,  1 9 8 4 )  has concluded t h a t  p u r c h a s e  of  a 

t u g  a n d  b a r g e  migh t  s a v e  money, p a r t i c u l a r l y  i f  u s e d  equ ipmen t  i s  

a v a i l a b l e ,  The u n c e r t a i n t i e s  i n  t h a t  a p p r o a c h ,  however ,  make t h e  

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

approach  u s i n g  e x i s t i n g  equipment known t o  be a v a i l a b l e  was chosen. 



Barg ing  c o r t r  t h a t  h a v e  b e e n  q u o t e d  i n  p r e v i o u s  e t u d i e r  r a n g e  f r o m  

$ 1 7 , 7 8  t o  $62.80 p e r  t o n ,  The c o s t s  a r e  b a s e d  on t h e  u s e  of  v a r i o a r  

combina t ionr  o f  t u g s  and b a r g e s  r a n g i n g  i n  c o s t  w h i l e  u n d e r w a y  f r o m  

$8 ,500  t o  $ 1 5 , 0 0 0  p e r  day.  Some of  t h e  e t a d i e r  assume a n  e n t i r e  day  

t o  l o a d  t h e  b a r g e  and a n o t h e r  t o  u n l o a d ,  w h i l e  a n o t h e r  ( A r c t i c  S l o p e  

E n g i n e e r r  1 9 8 4 )  aesumes an u n l o a d i n g  r a t e  o f  420 t o n s  p e r  h o u r  u s i n g  a  

m e t h o d  s i m i l a r  t o  t h a t  p r o p o e e d  i n  t h i e  s t u d y .  T h e  h i g h e r  c o a t  
'L 

f i g u r e s  i n  t h e  p r e v i o u s  s t u d i e s  seem t o  b e  based  o n  t h e  i n c l u e i o n  of  

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

assumpt ion  o f  u n r e a l i s t i c a l l y  slow l o a d i n g  and u n l o a d i n g  t imes .  

Using t h e  equipment  d e s c r i b e d  above,  it s h o u l d  b e  p o e s i b l e  t o  l o a d  t h e  

b a r g e s  a t  a  r a t e  o f  a b o u t  3 0 0  t o n s f h r ,  a n d  a  s i m i l a r  r a t e  shou ld  be  

a t t a i n a b l e  i n  u n l o a d i n g .  Using t h i s  r a t e ,  a n d  a s s u m i n g  t h e  u s e  o f  a  

t u g  a n d  t w o  t a n d e m  2 0 0 0  t o n  b a r g e s  t r a v e l i n g  a t  a s p e e d  o f  1 0 0  

m i l e e / d a y ,  i t  would be  p o s s i b l e  t o  move 5 0 , 0 0 0  t o n e  o f  c o a l  i n  a b o u t  

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

q u o t e  f rom Crowley Mari t ime C o r p o r a t i o n  o f  P o r t l a n d  t o  move t h e  c o a l  

u e i n g  e q u i p m e n t  s u c h  a s  t h i s  f o r  a  t o t a l  c o s t  o f  $ 4 0 0 , 0 0 0 .  T h i s  

f i g u r e  i s  b a s e d  o n  a  r a t e  of $8,000 p e r  d a y  and assumee t r a v e l  t i m e  t o  

and  f r o m  P o r t l a n d .  The use of an a d d i t i o n a l  s e t  of b a r g e s  would a l l o w  

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

s i g n i f i c a n t  c o n t i n g e n c y  f o r  w e a t h e r  a n d  o t h e r  d e l a y s  a t  t h e  same o r  

r e d u c e d  c o s t .  



Kotzebue F a c i l  i t i e r  

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

Kotzebue. A proposed p o r t  f a c i l i t y  a t  Cape  Blossom ( a b o u t  1 0  m i l e r  

s o u t h  o f  ~ o t z e b u e )  c o u l d  a l r o  p o t e n t i a l l y  b e  used,  a l l o w i n g  f o r  t h e  

u s e  o f  l a r g e - t o n n a g e ,  d e e p - d r a f t  b a r g e r .  Because  o f  t h e  c o s t r  o f  

t r u c k  t r a n s p o r t a t i o n ,  however ,  t h e r e  i s  a p p r e c i a b l e  c o s t  s av ing6  i f  
t 

t h e  u n l o a d i n g  f a c i l i t y  i s  c l o s e  t o  t h e  s t o c k p i l e  s i t e .  I t  i r  

t h e r e f o r e  assumed t h a t  c o n s t r u c t i o n  c o s t s  of  a  s e p a r a t e  b a r g e  docking 

f a c i l i t y  w i l l  b e  o f f s e t  by s av ings  i n  t r a n s p o r t a t i o n  and o t h e r  c o s t r ,  

and  t h a t  t h e  u n l o a d i n g  w i l l  b e  done  a t  a  new f a c i l i t y  l o c a t e d  j u s t  

s o u t h  of  Kotzebue and immediately a d j a c e n t  t o  a  s t o c k p i l e  s i t e .  

The  u n l o a d i n g  i s  assumed t o  b e  done  b y  a  whee l ed  l o a d e r  s i m i l a r  t o  

t h a t  u sed  i n  t h e  l o a d i n g  o p e r a t i o n .  Al though i n  p r a c t i c e  some s o r t  o f  

s p e c i a l i z e d  b a r g e  u n l o a d i n g  equipment may prove t o  b e  c o s t  e f f e c t i v 2 ,  

proven e x i s t i n g  technology  was a g a i n  c h o s e n  f o r  t h e  p u r p o s e s  o f  t h i r  

s tudy .  

The l o a d e r  and two t r u c k s  w i l l  un load  t h e  c o a l  and t r a n s p o r t  i t  t o  t h e  

s t o c k p i l e  s i t e .  The c o a l  w i l l  be  s t a c k e d  by a  D-7 C a t .  I f  t h e  b a r g e  

t r a n s p o r t a t i o n  c a n  b e  done a f t e r  mid-August, t h e  D-7 Cat  and some of 

t h e  t r u c k s  from t h e  mine w i l l  b e  a v a i l a b l e .  We have,  however ,  a s sumed  

p u r c h a s e  o f  a  l o a d e r ,  a e  one w i l l  be  needed on a  year-round b a s i s  t o  

f e e d  t h e  p l a n t .  



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

s t o c k p i l e  s i t e ,  i n c l u d i n g  e n v i r o n m e n t a l  and  s c e n i c  c o n s i d e r a t i o n s ,  

c o e t  and a v a i l a b i l i t y  o f  l a n d s ,  and  l e n g t h  a n d  l o c a t i o n  o f  l a n d  

t r a n s p o r t a t i o n  r o u t e s .  I t  i s  assumed f o r  t h i s  s t u d y  t h a t  t h e  s t o r a g e  

f a c i l i t y  w i l l  b e  l o c a t e d  sou th  of K o t z e b u e  and  a d j a c e n t  t o  t h e  power  

p l a n t .  The p r i m a r y  e n v i r o n m e n t a l  c o n c e r n s  a r e  wind-blown d u s t  and 
'1 

run-off  w a t e r .  Because  of t h e s e  f a c t o r s ,  and t h e  n e c e s s i t y  o f  k e e p i n g  

t h e  c o a l  f r o m  f r e e z i n g  i n  t h e  w i n t e r ,  i t  i s  assumed t h a t  t h e  s t o r a g e  

f a c i l i t y  w i l l  b e  e n c l o s e d  by a  s i m p l e ,  u n i n s u l a t e d  s t r u c t u r e .  The 

s t o r a g e  f a c i l i t y  w i l l  have  t o  be  a b o u t  t h e  same s i z e  a s  t h e  h o l d i n g  

f a c i l i t y  a t  Willow Bay, about  90,000 s q u a r e  f e e t .  

T r a n s p o r t a t i o n  C o s t s  

C a p i t a l  c o s t s  o f  t h e  t r a n s p o r t a t i o n  equipment  a r e  shown i n  T a b l e  1 6 ,  

and t r a n s p o r t a t i o n  c o s t s  f o r  t h e  c o a l  a r e  summarized i n  T a b l e  17 .  The 

c o s t s  i n  t h e  t a b l e e  a r e  f o r  t h e  b a s e - c a s e  p r o d u c t i o n  o f  50,000 t o n s  

p e r  y e a r .  



TABLE 16 

C a p i t a l  Costs  of  T r a n s p o r t a t i o n  System 

Willow Bar 

Conveyor System 
Dock F a c i l i t y  

Dock F a c i l i t y  
S t o c k p i l e  S i t e  
Loader  

T o t a l  

TABLE 17 

T r a n s p o r t a t i o n  System O p e r a t i n g  Cos t  Summary 

Annual O u e r a t i n e  C o s t s  

Willow Bav 

988 Loader  ( $  9 1 / ~ o u r )  * $14,560 
~ o n v e y o r / ~ a r g e  Loader ( $  SO/Hour) 8 ,000 $ 22,560 

Kot zebue ( ~ n l o a d i n n )  

988 Loader 
2 Trucks  
D-7 Cat 

S u b t o t a l  
Tun and Barne C o s t s  

R e n t a l  and O p e r a t i o n  

Annual T o t a l  

* O p e r a t i o n  c o s t s  i n c l u d e  l a b o r  a t  $35/hour.  



I f  t h e  annua l  p r o d u c t i o n  w e r e  t o  b e  i n c r e a s e d  t o  1 0 0 , 0 0 0  t o n s ,  t h e  

l o a d i n g  and u n l o a d i n g  facilities, would  s t i l l  b e  a d e q u a t e  bu t  more 

s t o c k p i l e  s p a c e  would b e  needed,  i n c r e a o i n g  t h e  c a p i t a l  c o e t s  t o  a b o u t .  

$ 5 , 0 0 0 , 0 0 0 .  The c o s t  p e r  t o n  o f  l o a d i n g  a n d  u n l o a d i n g  would  n o t  

change  s i g n i f i c a n t l y  s o  t h a t  f i g u r e  would  d o u b l e .  B a r g e  c o s t a  c o u l d  

b e  r e d u c e d  b e c a u e e  o n l y  o n e  t r i p  t o  a n d  f r o m  P o r t l a n d  would  b e  

n e c e e e a r y ,  b u t  i t  w o u l d  p r o b a b l y  n o t  b e  p o e s i b l e  t o  r e a l i z e  a n y  

e c o n o m i e s  o f  s c a l e  f r o m  l a r g e r  b a r g e s  due t o  t h e  d r a f t  l i m i t a t i o n s  a t  
* l 

t h e  Kotzebue end. C a l c u l a  t i o n s  b a s e d  o n  t h e s e  a s s u m p t i o n s  i n d i c a t e  

t h a t  i t  s h o u l d  b e  p o s s i b l e  t o  move 100,000 t o n s  o f  c o a l  f o r  an annua l  

o p e r a t i n g  c o s t  of  a b o u t  $774,400. 

A s s u m i n g  an a n n u a l  p r o d u c t i o n  o f  1 5 0 , 0 0 0  t o n s ,  s t i l l  more s t o c k p i l e  

s p a c e  would be  needed,  and t h e  l o a d i n g  and u n l o a d i n g  f a c i l i t i e s  would  

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

e s p e c i a l l y  a s  two t u g s  migh t  b e  n e c e s s a r y  t o  move t h e  t o n n a g e  d u r i n g  

t h e  r e g i o n ' s  s h o r t  s h i p p i n g  s e a s o n .  A c a p i t a l  c o s t  o n  t h e  o r d e r  of 

$ 7 , 0 0 0 , 0 0 0  w o u l d  t h e r e f o r e  b e  r e q u i r e d  f o r  t h e  t r a n s p o r t a t i o n  

f  a c i l  i t i e s .  The o p e r a t i o n a l  c o s t  of  l o a d i n g  and u n l o a d i n g  would a g a i n  

i n c r e a s e  i n  a  l i n e a r  m a n n e r  b u t  a n  e x t r a  Portland-~otzebue-Portland 

r u n  would  b e  r e q u i r e d  i f  a  second t u g  were u t i l i z e d .  I f  t h a t  were t h e  

c a s e ,  150,000 t o n s  o f  c o a l  could  b e  moved f o r  an  a n n u a l  o p e r a t i n g  c o s t  

o f  some t h i n g  l i k e  $1,001,600.  T r a n s p o r t a t i o n  c o e t s  a r e  summarized i n  

T a b l e  18. 



TABLE 18 

Annual Traneportation Coste a t  
Varying Product i o n  Rater 

50,000 100,000 150,000 
tonr/year tone lyear  tonr/year 

Capital  Costa $4,000,000 $5,000,000 $7,000,000 

Operating Expenaer 467 ,200f~R 774,400/~~ 1,001,600/~~ 

Nominal Cost /Ton * $9.34 $7 07 4 $6.60 

* Excluding f inanc ing c o s t  s o  



FINANCIAL ARALYSIS OF DELIVERED COAL COSTS 

While t h e r e  i s  n o t  enough h a r d  d a t a  a v a i l a b l e  t o  d e t e r m i n e  a  f i n a l  

s e l l i n g  p r i c e  f o r  C h i c a g o  C r e e k  c o a l  a s  d e l i v e r e d  t o  t h e  pover p l a n t  

s t o c k p i l e  sou th  of Kotzebue ,  i t  i e  p o s s i b l e  t o  p r o j e c t  a r e a s o n a b l y  

a c c u r a t e  r a n g e  o f  s e l l i n g  p r i c e #  ( i n  1 9 8 5  d o l l a r s ) ,  u s i n g  t h e  

f o l l o w i n g  paramete rs  t 

1. Not t a k i n g  i n f l a t i o n  i n t o  account .  

2. Assuming t h a t  80% of  t h e  ha rd  c a p i t a l  and development 
c o s t s  a r e  borrowed a t  an ave rage  r a t e  of i n t e r e s t  of 10.5%. 

, Assuming t h a t  t h e  development c o s t s  and i n t e r e s t  a r e  
amort ized evenly ove r  t h e  e s t i m a t e d  30-year l i f e  of  t h e  
mine. 

4 .  Assuming t h a t  t h e  c u r r e n t  t a x  r a t e e  and laws s t a y  t h e  
eame. 

5 ,  Aesuming t h a t  t h e  c o a l  i s  mined by t h e  r e s o u r c e  owners 
and i s  theref o r e  not subject t o  a roya l t y .  

De te rmina t ion  o f  Mining Cos t s  

A r a n g e  o f  p r ice -per - ton  f i g u r e s  can b e  determined a t  d i f f e r e n t  annual  

p r o d u c t i o n  r a t e s  f o r  t h e  c o s t  of  mining t h e  c o a l  and d e l i v e r i n g  i t  t o  

t h e  W i l l o w  Bay s t o c k p i l e  s i t e  u e i n g  t h e  c o s t  i n f o r m a t i o n  i n  t h e  

s e c t i o n  on t h e  open-pit c o a l  mine. 



Case 1  -- 50 .000  Tons Per Year 

C a p i t a l  Costs (Table 15 )  . . . . . . . . $ 9 , 9 2 6 , 0 0 0  
Development Period I n t e r e s t .  . . . . . 1 . 3  29.3  00 

T o t a l  Development Cost8 1 4 , 8 5 9 , 3 0 0  

F i n a n c i n g - 8 0 Z o f  c a p i t a l  Costs  . . . . . . . . 7 . 9 4 0 . 8 0 0  

Actual  C a p i t a l  Required $ 4 . 0 3 5 . 3 0 0  

Annual mining and o p e r a t i n g  c o s t s  would be as  fo l lows  t 

D i r e c t  Operat ing Expense. . . . . . . . . $ 1 , 5 5 3 , 0 0 0  
Insurance  and overhead. . . . . . . . . . . . . 1 4 0 , 0 0 0  
I n t e r e s t  (Average). . . . . . . . . . 8 2 7 , 3 0 0  
Amort izat ion of Development Costs . . . . . . . . 3 3 5 , 3 0 0  

T o t a l  $ 3 . 5 4 3 . 6 0 0  

A s s u m i n g  t h a t  t h e  m i n e  o w n e r  i n v e s t s  $ 2 , 1 9 2 , 5 0 0  i n  Year  1  and 

$ 1 , 8 4 2 , 8 0 0  i n  Year 2 ,  a  $ 5 7 8 , 0 0 0  y e a r l y  a f t e r  t a x  c a s h  f l o w  would b e  

r e q u i r e d  t o  g e n e r a t e  a  15% r e t u r n  on investment. I t  i s  assumed t h a t  

t h i s  would be the  minimum a c c e p t a b l e  r e t u r n  t o  .an i n v e s t o r .  The c o a l  

p r i c e  n e c e s s a r y  t o  g e n e r a t e  t h e  d e s i r e d  r e t u r n  can be determined a s  

f o l l o w s :  

D e s i r e d C a s h F l o w .  . . . . . . . . . $ 57 8 , 0 0 0  
Add i n  Annual Debt Reduction. . . . . . . 3 6 0 . 8 0 0  

938 ,800  

L e s s A m o r t i z a t i o n . .  . . . . . . 3 3 5 . 3 0 0  

Net Prof it Requirement $ 6 0 3 , 5 0 0  



Assuming a 502 e f f e c t i v e  r a t e  of  t a x ,  t h e  owner would need t o  g e n e r a t e  

a p r e - t a x  p r o f  it o f  $1 ,207 ,000 .  S a l e s  c o s t e  would b e  de te rmined  a r  

f o l l o v r  t 

. . . . . . .  Annual Mining. and Operat ing Expeneer. $ 3,499,300 
P r o f i t  Requirements . . . . . . . . . . . . . . . .  1,207.000 

T o t a l  

$4 ,706 ,300  d i v i d e d  by 50 ,000 t o n s  annua l ly  i n d i c a t e s  a per - ton  p r i c e  
of $94.13. 

Case 2 -- 100.000 Tons P e t  Year 

C a p i t a l  c o s t s  ( p e r  summary). . . . . . . . . . . . . . .  $ 14,330,000 
Development P e r i o d  I n t e r e s t .  . . . . . . . . . . . . . .  1.413.300 

T o t a l  Development Cos t s  15,743,300 

F i n a n c i n g  - 80% o f  C a p i t a l  Costs  . . . . . . . . . . . .  11.464.000 

A c t u a l  C a p i t a l  Required $ 4,279,300 

Annual mining and o p e r a t i n g  c o s t s  vou ld  b e  a s  fo l l owe  t 

D i r e c t  O p e r a t i n g  Expenee. . . . ~ ~ . ~ . . ~ . ~ ~  $ 3,400,000 
I n s u r a n c e  and Overhead. . . . . . . . . . . . . . .  190,000 
I n t e r e s t  (Average) .  . . . . . . . . . . . . . . . .  876,300 . . . . . . . . .  A m o r t i z a t i o n  of  Development C o s t s  344.800 

T o t a l  $ 4,811.100 

A s s u m i n g  t h a t  t h e  m i n e  o w n e r  i n v e s t s  $ 2 , 3 3 7 , 8 0 0  i n  Y e a r  1 and 

$1,941,500 i n  Year  2,  a $613,200 a n n u a l  a f t e r  t a x  c a s h  f l o w  wou ld  b e  

r e q u i r e d  t o  g e n e r a t e  a 1 5 %  r e t u r n  on investment .  I t  i s  assumed t h a t  



t b i r  would be t h e  minimum a c c e p t a b l e  r e t u r n  t o  t h e  i n v e s t o r .  The c o a l  

p r i c e  n e c e r r a r y  t o  g e n e r a t e  t h e  d e s i r e d  r e t u r n  can be determined ar 

f o l l o w r :  

D e s i r e d C a s h F l o w .  . . . . . . . . . . . . . . ~ ~  $ 613,200 . . . . . . . . . . .  Add i n  Annual Debt Reduction. 382 . lo0 
99s ,3 00 

Less Amort izat ion . . . . . . . . . . . . . . . . ~  344.800 

Net P r o f i t  Requirement 

Assuming a  50% e f f e c t i v e  r a t e  of t a x ,  t h e  owner would need t o  g e n e r a t e  

a  p re - t ax  p r o f i t  of $1,301,000.  S a l e s  c o s t s  would be d e t e r m i n e d  a r  

f o l l o w s :  

Annual Mining and Operat ing Expenses. . . . . . . - . .  $ 4,811,100 . . . . . . . . . . . . . . . .  Prof  it Requirements 1.301.000 

To ta l  

$6 ,112 ,100  d i v i d e d  by 100,000 t o n s  annual  product ion  y i e l d s  a  per  t o n  
p r i c e  of  $61.12. 

Case 3 -- 150,000 Tons P e r  Year 

C a p i t a l  Costs  (per Summary). . . . . . . . . . . . . . .  $ 15,600,000 . . . . . . . . . . . . . .  C o n s t r u c t i o n  Per iod  I n t e r e s t  1,547.000 

T o t a l  Development Cos ts  17,147,000 

F inanc ing  - 80% of  C a p i t a l  Costs . . . . . . . . . . a .  12.480*000 

Actual C a p i t a l  Required $ 4,667,000 



Annual mining and o p e r a t i n g  c o s t s  would b e  a s  f o l l o w s :  

D i r e c t  O p e r a t i n g  Expense. . . . . . . . ~ ~ ~ ~ . ~  $ 4,600,000 
I n s u r a n c e  and Overhead, . . 220,000 
I n t e r e s t  (Average).  . . . . . . . . . . . ~ . . ~ ~  953,900 
Amor t i z a t i on  o f  Development Cos t s  , . . . ~ . . . .  364,900 

T o t a l  $ 6,138,800 

A s s u m i n g  t h a t  t h e  m i n e  o w n e r  i n v e s t s  $ 2 , 5 6 9 , 1 0 0  i n  Y e a r  1 and 

$2,097,900 i n  Year  2 ,  a $669,100 a n n u a l  a f t e r  t a x  c a s h  f l o w  would  b e  

r e q u i r e d  t o  g e n e r a t e  a 15% r e t u r n  o n  i n v e s t m e n t ,  The c o a l  p r i c e  

nece s sa ry  t o  g e n e r a t e  t h e  d e s i r e d  r e t u r n  can be  de te rmined  a s  f o l l o w s :  

D e s i r e d C a s h  F l o w .  . . . . . . ~ . . ~ . . . . . .  $ 669.100 
Add i n  Annual Debt Reduction. . ~ . . . ~ ~ ~ ~ . ~  416 1000 

1,085,100 

L e s s A m o r t i z a t i o n .  . . . . . . . . . . . ~ . . . .  364.900 

Net Prof i t  Requirement $ 720.200 

Assuming a 50% e f f e c t i v e  r a t e  of t a x ,  t h e  owner would need t o  g e n e r a t e  

a pre- tax  p r o f i t  o f  $1,440,400.  S a l e s  c o s t s  wou ld  b e  d e t e r m i n e d  a s  

f o l l o w s  : 

. . . . . . .  Annual Mining and Opera t ing  Expenses. $ 6,138,800 
P r o f i t  Requirements  . . . . . . . . . . . . . . . .  1,440,400 

Tot a 1  $ 7,592.200 

$ 7 , 5 9 2 , 2 0 0  d i v i d e d  by 150 ,000  t o n s  a n n u a l  p r o d u c t i o n  i n d i c a t e s  a 
per-ton p r i c e  o f  $50.53. 



I f  m i n i n g  c o s t s  and  r a t e s  w e r e  b e t t e r  d e f i n e d ,  a  m o r e  d e t a i l e d  

economic  a n a l y r i r  m i g h t  y i e l d  a  lower  p r i c e  p e r  ton.  A s  an example, 

any  f i n a n c i n g ,  r a t h e r  t h a n  b e i n g  a m o r t i z e d  o v e r  a  30 -yea r  p e r i o d ,  

would p r o b a b l y  b e  r e p a i d  o v e r  a  20 -yea r  p e r i o d ,  The i n t e r e s t  would 

t h e r e f o r e  b e  l a r g e r  d u r i n g  t he  e a r l y  y e a r s  o f  t h e  l o a n  p e r i o d *  H i g h e r  

i n t e r e s t  f i g u r e s  would r e s u l t  i n  lower income t a x e s  and i n c r e a s e d  ca sh  

f l o w ,  B e c a u s e  o f  t h e  t ime  v a l u e  o f  money, h i g h e r  e a r l y  Y e a r  c a s h  

f l o w 8  would  p e r m i t  t h e  owner t o  g e n e r a t e  a  15% r e t u r n  on invee tment  
' l 

whi l e  c h a r g i n g  l e s s  f o r  t he  coa l ,  

I n  a d d i t i o n ,  t h e  r e d u c t i o n  i n  c o r p o r a t e  t a x  r a t e s  now b e f o r e  Congress  

would, i f  p a s e e d ,  r educe  the   project',^ e f f e c t i v e  t a x  r a t e s  f r o m  52% t o  

45%. Th ie  would r educe  p r i c e  requ i rements  a s  fo l l ows :  

Annual P roduc t ion  

50,000 t o n s  
100,000 t o n s  
150,000 t o n s  

Cos t  Reduct ion 
Per  Ton 

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

p r i c e s  i s  a s  f o l l o w s :  

Annual Produc t  i on  

50,000 t o n s  
100,000 t one  
150,000 t o n s  

P e r  Ton 
P r i c e  Ranrce 



D e t e r m i n a t i o n  o f  T r s n e p o r t a t i o n  C o e t t  

U s i n g  t h e  same f a c t o r s  a n d  r e q u i r e m e n t  f o r  15% r e t u r n  on inves tment  t h a t  

were  u s e d  f o r  t h e  c o s t  o f  min ing ,  and r e f e r i n g  t o  t h e  c a p i t a l  and o p e r a t i n g  

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

t r a n s p o r t i n g  t h e  c o a l  t o  Kotzebue would be  d e t e r m i n e d  a s  f o l l o w s :  

ANNUAL RATE OF PRODUCTION 
50,000 Tone 100 ,000  Tone 150,000 Tone 

C a p i t a l  Cos t s :  

C a p i t a l  Cos t s  (Per  summary) $4,000,000 $4,000,000 $7,000,000 
C o n s t r u c t i o n  P e r i o d  I n t e r e s t  21 0,000 262 .SO0 367,500 

T o t a l  Development C o s t s  4,210,000 5,26 2,500 7,367,500 

F i n a n c  i n g  

A c t u a l  C a p i t a l  Requ i red  $1.010,000 $1,262,500 $1,767,500 

Annual  Opera t inn  Cos t : 

D i r e c t  O p e r a t i n g  Expense $ 467,200 $' 774,400 $1,001,600 
I n t e r e s t  (Average) 244,600 175,400 245,600 
A m o r t i z a t i o n  140,300 17 5 ,400  245,600 

T o t a l  Cos t s  $ 852,100 $1,255 ,500 $1.67 5,200 

D e t e r m i n a t i o n  o f  Net P r o f  it Requirements:  

D e s i r e d  Cash Flow $ 153,800 $ 192,300 $ 269.200 
Add i n  Annual Debt R e d u c t i o n  106,700 

260,500 
Leas  A m o r t i z a t i o n  140,300 17 5 ,400 245,600 

N e t  P ro f  it Requi red  $ 120,200 $ 150 ,200  $ 210,300 



A g a i n  a s s u m i n g  a  50% e f f e c t i v e  r a t e  o f  t a x ,  t r a n s p o r t a t i o n  p r i c e r  

would be d e t e r m i n e d  ar f o l l o w r r  

50,000 Tona 100,000 Tonr  150,000 Tonr 

Annua l  O p e r a t i n g  C o s t r  
P r o f  i t  Requirement (2x1 

T o t a l  

C o s t  P e r  Ton 

W i t h  p o s s i b l e  r e d u c t i o n  i n  t a x  r a t e s ,  a n d  w i t h  m o r e  d e t a i l e d  

f e a s i b i l i t y  i n f o r m a t i o n ,  t h e s e  c o s t s  cou ld  p r o b a b l y  b e  reduced.  

A r a n g e  of p r o j e c t e d  p r i c e s  i s  a s  f o l l o w s :  

Annual P r o d u c t i o n  

50,000 t o n s  
100,000 t o n s  
150,000 t o n s  

P e r  Ton P r i c e  Range f o r  
Annual T r a n s o o r t a t i o n  C o s t s  

The t o t a l  averaged  d e l i v e r e d  c o a l  c o s t  f o r  v a r i o u s  p r o d u c t i o n  r a t e s  

a r e  shown be low ( T a b l e  19) .  The c o s t  i n c l u d e s  d e l i v e r y  of  t h e  c o a l  t o  

t h e  s t o c k p i l e  a d j a c e n t  t o  t h e  power p l a n t  l o c a t e d  a b o u t  o n e - h a l f  m i l e  

s o u t h  o f  t h e  K o t z e b u e  a i r p o r t .  I n  a d d i t i o n  t o  t h e  e f f e c t  on p r i c e  

t h a t  v a r i a b l e  f i n a n c i n g  ar rangements  can  have ,  t h e  most  o b v i o u s  f a c t  o r  

i n  r e d u c i n g  c o s t  w i l l  i n v o l v e  p r o d u c t i o n  r a t e .  A d o u b l i n g  o f  

p r o d u c t i o n  r a t e  r e d u c e s  t h e  u n i t  p r i c e  by n e a r l y  35%. The 1 5 0 , 0 0 0  

t o n f y e a r  c a s e ,  w h i c h  a p p r o x i m a t e s  p r o d u c t i o n  r a t e s  t o  m e e t  t h e  



TABLE 19 

Total Delivered Coal Cost8 

1 PRODUCTION RATE 1 
I I 

Cost I I I 1 
Category 150,000 ~ o n s / ~ e a r  1100,000 ~ o n s / ~ e a r  1150,000 ~ o n s / ~ e a r  1 

1 I I I 
Mining I 7 4  I 47 1 28 I 

I I I I 
I I 1 1 

Transportationl 22 1 16 1 14 1 
I I I I 
I I I I 

To ta l  Cost 1 I I I 
$/Ton 1 9 6 1 63  1 42 1 



e l e c t r i c a l  n e e d s  o f  b o t h  Kotzebue and t h e  Red Dog Mine, decreaaee  t h e  

u n i t  p r i c e  more than one-half .  

The u n i t  p r i c e s  a r e  cons ide red  t o  be conse rva t i ve  because  o f :  (1)  t h e  

p o s s i b i l i t y  of more a t t r a c t i v e  f i n a n c i n g  p a c k a g e s ,  ( 2 )  p o t e n t i a l  

s a v i n g s  t h a t  c o u l d  a r i s e  f rom owning and o p e r a t i n g  t h e  ba rge  syetem, 

'L 

and ( 3 )  t h e  mining c o s t s  can l i k e l y  b e  reduced somewhat a s  a d d i t i o n a l  

i n fo rma t ion  i s  ga thered .  



POWER PLAlOT 

Many f a c t o r 8  e n t e r  i n t o  p l a n n i n g  o f  a  power p l a n t ,  some o f  w h i c h  

c a n n o t  b e  d e t e r m i n e d  without e x t e n s i v e  f u r t h e r  study. By cons ider ing  

t h e  v a r i o u s  a l t e r n a t i v e s ,  however ,  and drawing on  t h e  c o n s u l t a n t 8  

e x p e r i e n c e ,  a  r e a s o n a b l e  c h o i c e  o f  f a c i l i t i e r  and l o c a t i o n  can  be 

i d e n t i f i e d  f o r  a  base-case cos t  study. 

S i t e  S e l e c t i o q  

T h e r e  a r e  two g e n e r a l  s i t i n g  p o s s i b i l i t i e s  which were considered i n  

developing  t h i s  study--(l)  Mine-mouth and ( 2 )  Kotzebue. 

A l t h o u g h  a mine-mouth p l a n t  would be a t  t h e  s i t e  of t h e  r e source ,  a 

t r anemies ion  l i n e  would have t o  be b u i l t  from t h e  mine t o  Ko tzebae  and 

t h e  power p l a n t  would have t o  be cons t ruc ted  and ope ra ted  a t  a  remote 

s i t e ,  I f  t h e  c o a l  i s  t r a n s p o r t e d  t o  K o t z e b u e ,  c o n s t r u c t i o n  and  

o p e r a t i o n  o f  t h e  power p l a n t  would t a k e  p l a c e  i n  t h e  v i c i n i t y  of a 

developed community w i t h  an a l r e a d y  o p e r a t i n g ,  s u c c e s s f u l  e l e c t r i c  

u t i l i t y .  

C o n s t r u c t i o n  and o p e r a t i o n  of a  c o a l - f i r e d  power p l a n t  i n  a  r eg ion  

r e m o t e  f rom deve loped  communit ies  and c o m p l e t e l y  dependen t  on t h e  

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

mining o p e r a t i o n ,  w i l l  d e f i n i t e l y  i n c r e a s e  c o n s t r u c t i o n  and o p e r a t i n g  

c o s t s ,  a n d  w i l l  add t h e  c o o r d i n a t i o n  p r o b l e m s  o f  o p e r a t i n g  an 



i n t e g r a t e d  power system w i t h  major power p l a n t r  1 0 0  m i l e r  a p a r t  t i e d  

t o g e t h e r  by a r i n g l e  t r a n s m i s s i o n  l i n e .  T h e r e  w i l l  a l s o  be  added 

p e r r o n n e l  problemrr a a r o c i a t e d  w i t h  h i r i n g  and k e e p i n g  q u a l i f i e d  

pe r ronr  i n  i s o l a t e d  loca t ion r .  

For  t h e  p u r p o r e a  o f  t h i r  s e c t i o n  o n l y  a  Kotzebue  p l a n t  l o c a t i o n  i r  

considered.  A s p e c i f i c  l o c a t i o n  r e q u i r e s  d e t a i l e d  s tudy and community 

i n v o l v e m e n t  t o  c o n s i d e r  t h e  p o t e n t i a l  i m p a c t s  r e l a t i n g  t o  c o a l  
'& 

u t i l i z a t i o n ,  p o s s i b l e  w a s t e  h e a t  u s e r  , employment o p p o r t u n i t  i e r  and 

o t h e r  m o n e t a r y  i m p a c t s ,  a n d  many  o t h e r  e n v i r o n m e n t a l  a n d  

eocio-economic f a c t o r s .  A p r e l i m i n a r y  c h o i c e  h a s  b e e n  made f o r  t h i r  

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

p r e s e n t l y  used waste  d i s p o s a l  area.  

General P l a n t  Requirements 

The p o t e n t i a l  marke t  f o r  e l e c t r i c a l  energy has been d i s c u s s e d  i n  t h e  

e a r l i e r  s e c t i o n  on market demand. The r e q u i r e m e n t s  shovn  v a r y  f rom 

a b o u t  4 ,000 KW ( t o d a y ' s  peak requirement  i n  ~ o t z e b u e )  t o  20,000 KW i n  

30 yeare .  

G e n e r a t i n g  u n i t  s i z e s  now used  i n  t h e  Kotzebue d i e s e l - e l e c t r i c  p l a n t  

v a r y  f rom 5 0 0  KW t o  a b o u t  2 , 0 0 0  KW. T h i s  a l l o w s  a n  e f f i c i e n t  

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

community. A d d i t i o n  of  c o a l - f i r e d  f a c i l i t i e s  t o  t h e  s y s t e m  i n  a n  

e f f i c i e n t  manner would r e q u i r e  t h a t  u n i t  s i z e s  be s e l e c t e d  which would 



perform a c c e p t a b l y  under  t h e  t y p i c a l  l o a d i n g  w h i c h  m i g h t  b e  e x p e c t e d .  

Modern s team-powered e l e c t r i c  g e n e r a t i n g  u n i t r  m a i n t a i n  r e l a t i v e  h i g h  

e f f i c i e n c y  over a wider  r ange  of l o a d i n g  t han  d i e s e l - e l e c t r i c  u n i t 8  s o  

t h a t  l a r g e r  u n i t r  can be  p rudent ly  i n s t a l l e d .  

The proposed power p l a n t ,  l o c a t e d  a s  s p e c i f i e d  a b o v e ,  would u t i l i z e  

t h e  C h i c a g o  C r e e k  c o a l  which  would b e  d e l i v e r e d  t o  Kotzebue by t h e  

methods d e s c r i b e d  i n  t h e  s e c t i o n  l a b e l ' e d  o n  t r a n s p o r t a t i o n .  A c o a l  
'L 

s t o c k p i l e  a t  t h e  p l a n t  s i t e  must h a n d l e  n e a r l y  a  year ' s  supply ( b a r g e  

t r a n s p o r t  can  o p e r a t e  o n l y  about t h r e e  months d u r i n g  l a t e  summer) and  

should be covered  t o  e l i m i n a t e  problems f rom wind and snow. 

The power p l a n t  must e i t h e r  u s e  t h e  s a l t  w a t e r  o f  K o t z e b u e  Sound o r  

a i r  f o r  condenser  coo l ing .  

A i r  q u a l i t y  r e q u i r e m e n t s  have no t  been e s t a b l i s h e d ,  bu t  i t  i s  assumed 

t h a t  0.10 g r a i n s / S t a n d a r d  Dry C u b i c  Foot  of ga s  c o r r e c t e d  t o  12% C02 

f o r  p a r t i c u l a t e s  and 30% o p a c i t y  i s  a c c e p t a b l e .  

R e m a n u f a c t u r i n g  e n t e r p r i s e s  can p rov ide  a  w ide r  r a n g e  of u n i t  s i z e s  a t  

p r i c e s  s u b s t a n t i a l l y  l e s s  than nev e q u i p m e n t  a v a i l a b l e  (Appendix  E) . 
E a c h  r e m a n u f a c t u r e d  p l a n t  o r  e q u i p m e n t  p a c k a g e  i s  u n i q u e ;  a 

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

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

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

( i n c l u d i n g  t h e  r e c e n t l y  shutdown Knik Arm Power P l a n t  owned by Chugach 
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E l e c t r i c  A e r o c i a t i o n ,  Inc . ) ,  but it i s  beyond t h e  scope of t h i s  r e p o r t  

t o  do more t h a n  p o i n t  ou t  t h e  f a c t o r r  i n v o l v e d  w i t h  remanufactured 

o n i t r ,  i n c l u d i n g  ope ra t ing  c o r t r  and t h e  l o c a l  e c o n o q r  

1) Remanufac tu red  u n i t e  could reduce i n i t i a l  p l a n t  c o s t  by 
50%. 

2 )  C a r e f u l  a n a l y s i s  must b e  made t o  compare  r e l a t i v e l y  
e f f i c i e n c i e r  of new versus  remanufactured u n i t e ,  A 1088 o f  
20% i n  e f f i c i e n c y  cou ld  a b s o r b  a l l  t h e  g a i n  of  a  l e e e e r  
investment.  

3 )  B e c a u s e  o f  t h e i r  s l i g h t l y  l o w e r  e f f i c i e n c y ,  
remanufactured p l a n t s  w i l l  r e q u i r e  somewhat g r e a t e r  amount 
o f  f u e l ,  T h i s  i n  t u r n  will r e q u i r e  more product ion  a t  t h e  
mine (more l a b o r )  and may a l s o  e f f e c t i v e l y  r e d u c e  t h e  c o s t  
of  t h  c o a l  on a  pe r  ton basis .  

Other power-plant op t ions  which must u l t i m a t e l y  b e  c o n s i d e r e d  i n c l u d e  

t h e  u e e  o f  e v o l v i n g  t echno logy  s u c h  ae f l u i d i z e d - b e d  combus t ion ,  

Smal l  f l u i d i z e d - b e d  p l a n t s  a r e  c u r r e n t l y  b e i n g  u s e d  i n  i n d u s t r i a l  

a p p l i c a t i o n e  i n  many p a r t s  of t h e  world and t h e  technology i a  r a p i d l y  

d e v e l o p i n g ,  A b r i e f  o v e r v i e w  o f  some a s p e c t s  o f  f l u i d i z e d  b e d  

t e c h n o l o g y  i e  g i v e n  i n  A p p e n d i x  F, I n  k e e p i n g  w i t h  t h e  b a s i c  

a s s u m p t i o n s  o f  t h i s  s t u d y ,  however ,  v e  have  c h o s e n  a  c o n v e n t i o n a l  

s y s t e m  b a e i n g  o u r  a n a l y s i s  on a  new, conven t iona l ly  f i r e d  p l a n t  s i z e d  

a t  10,000 KW ( s i n g l e  u n i t )  which w i l l  suppor t  an average a n n u a l  e n e r g y  

use e q u i v a l e n t  t o  50,000 tons  per  yea r  of Chicago Creek coa l .  



Equipment Requirement r 

T h e  f o l l o w i n g  d i s c u s s i o n  i r  b a r e d  on t h e  c o n s t r u c t i o n  o f  a  newly 

manufactured p l a n t ,  The p l a n t  should be s i z e d  t o  o u t p u t  10 ,000 RW o f  

e l e c t r i c  c a p a c i t y  from a  condensing u n i t  wi th  p r o v i s i o n  f o r  e x t r a c t i n g  

s t e m  a t  10 p s i g  f o r  h e a t i n g  feed  w a t e r ,  T o t a l  t h r o t t l e  f l o w  t o  t h e  
'c 

t u r b i n e  w i l l  b e  f r o m  1 4 0 , 0 0 0  t o  1 6 0 , 0 0 0  pounds p e r  hour  of 650  

p s i g / 7 5 0 o ~  s t e a m .  To h a n d l e  s o o t  b l o w i n g ,  b l o w  down, and  

miscel laneous r a d i a t i o n  and leakage l o s s e s ,  t he  b o i l e r  s e l e c t e d  s h o u l d  

h a v e  a s t e a m  c a p a c i t y  o f  abou t  180,000 l b s . / h r .  T h e r e  shou ld  be 

standby capac i ty  of  180,000 lbe  ./hr. 

The s i z e  o f  a i r  and g a s  h a n d l i n g  equipment w i l l  depend on t h e  amount 

of excess  a i r  needed f o r  optimum f i r i n g ,  This i n  t u r n  w i l l  depend on  

t h e  m o i s t u r e  c o n t e n t  and g e n e r a l  q u a l i t y  of t h e  f u e l .  I t  i s  assumed 

t h a t  t h e  exhaust gas  f l o w  w i l l  vary from 210,000 t o  220,000 l b s  . / h r ,  

a t  f u l l  b o i l e r  output ,  

S p e c i a l  a t t e n t i o n  m u s t  b e  g i v e n  t o  f i r i n g  methods  t o  be s u r e  of 

o b t a i n i n g  the  necessary  turn-down r a t i o .  The r e t e n t i o n  t ime needed 

f o r  f u e l  p a r t i c l e s  t o  b u r n  comple te ly  i n  t h e  fu rnace  depend on t h e i r  

s i z e ,  shape, and m o i s t u r e  c o n t e n t - - t h e  g r e a t e r  t h e  m o i s t u r e  c o n t e n t  

a n d f o r  s i z e  of  t h e  p a r t i c l e ,  t h e  longer  the  t ime r e q u i r e d  f o r  f i r i n g .  

For t h i s  reason,  those  f i r i n g  methods t h a t  p r o v i d e  l o n g e r  r e t e n t i o n  



t i m e r ,  s u c h  a r  k e e p i n g  t h e  f u e l  on  g r a t e r ,  a r e  t o  b e  p r e f e r r e d  ta 

t h o s e  me thod8  w h i c h  b u r n  i n  e u e p e n e i o n - - e e p e c i a l l y  whe re  m o i e t u r e  

c o n t e n t r  are high. 

 he t y p e  o f  f i r i n g  b e s t  s u i t e d  t o  t h e  c h a r a c t e r i e t i c s  of  Chicago Creek 

c o a l  would p r o b a b l y  b e  one  employing a  c h a i n - g r a t e  s t o k e r ,  p r o v i d e d  it 

c a n  b e  u n i f o r m l y  loaded  w i t h  f u e l  a c roee  i t s  e n t i r e  width.  By vary ing  

t h e  speed  and h e i g h t  of  t h e  bed t o g e t h e r  w i t h  t h e  f l o w  o f  combuet ion  
* L  

a i r ,  t h e  h e a t  r e l e a s e  f rom t h e  g r a t e  cou ld  f o l l o w  load  requirements .  

A major  a d v a n t a g e  o f  t h i s  t y p e  o f  f i r i n g  l i e s  i n  i t s  a u t o m a t i c  and 

c o n t i n u o u e  d i s c h a r g e  o f  a s h  off t h e  end  o f  t h e  c h a i n  and i n  i t 8  

a b i l i t y  t o  h a n d l e  c l i n k e r  format ion.  

A n o t h e r  p o e s i b l e  f o r m  o f  f i r i n g  w o u l d  b e  . p i l e - b u r n i n g  i n  f o u r  

f u e l - c e l l s ,  a r r a n g e d  two by two. The c e l l s  c o u l d  b e  a r r a n g e d  t o  

c l o s e l y  c o n t r o l  t h e  f l o v  o f  b o t h  u n d e r g r a t e  and ove r f  i r e  combuetion 

a i r .  Al though a s h  removal would be  m a n u a l ,  t h e  a b i l i t y  t o  s h u t  dovn 

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

would permi t  a s h  removal  t o  be  a c c o m p l i s h e d  w i t h  l i t t l e  o r  no change  

i n  s t e a m  p r e s s u r e  o r  r e l e a s e  o f  p o l l u t a n t s  t o  t h e  atmosphere. Th i s  

c o m b u e t i o n  me thod  wou ld  b e  l i m i t e d  t o  f u e l s  w i t h  l e s s  t h a n  5 0 %  

m o i s t u r e  and a n  a s h  and d i r t  con t en t  of l e s s  t h a n  abou t  3%. 

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

s h o u l d  be  i n  t h e  1 5 0 0 ° ~  t o  1 6 0 0 ~ ~  r a n g e  f o r  op t imum f i r i n g .  Above 

t h i s  v a l u e  t h e r e  i s  some danger  of s l a g g i n g  t h e  d i r t  and  eand on t u b e  



s u r f a c e r .  A t  l o w e r  v a l u e r ,  g a s e r  a r e  a p t  t o  e n t e r  t h e  b o i l e r  

convect ion  sec t ion  p r i o r  t o  complete burnout r e s u l t i n g  i n  t h e  i s s u a n c e  

o f  rmoka t o  atmosphere. The fu rnace  ehould con ta in  an adequate  amount 

of r e f a c t o r y  su r face  t o  s t a b i l i z e  temperature.  

The u r e  o f  o v e r - f i r e  a i r  j e t 8  i s  a l e o  h e l p f u l  but  c a r e f u l  design i s  

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

, " s p i l l i n g 1 '  o f  low p r e s s u r e  a i r  i n t o  t h e  f u r n a c e ,  e s p e c i a l l y  if 
'b 

unheated,  w i l l  lower combus t i o n  q u a l i t y .  

An a i r  h e a t e r  w i l l  be  needed t o  f u r n i s h  combuetion a i r  a t  an e l e v a t e d  

t e m p e r a t u r e  of about  4 0 0 ' ~ .  T h i s  could be of the  r e g e n e r a t i v e  p l a t e  

o r  t h e  t u b u l a r  type, t h e  l a t t e r  being the  more common. A d d i t i o n a l l y ,  

t h e  l a t t e r  t y p e  w i l l  p e r m i t  t h e  i n s t a l l a t i o n  of  a  gas bypaes damper 

between s t a g e s  without t h e  need f o r  s p e c i a l  d u c t i n g .  I n  a d d i t i o n  t o  

f a c i l i t a t i n g  t h e  b y p a s s  o f  th,e. h e a t i n g  s u r f a c e  dur ing  s t a r t -up ,  t h e  

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

t empera ture  t o  avoid dew p o i n t  condensation. 

By p l a c i n g  t h e  h e a t e r  be tween  t h e  b o i l e r  o u t l e t  and t h e  mechan ica l  

d u e t  c o l l e c t o r ,  t h e  s i z e  of t h e  l a t t e r  would be minimized. The b a s i s  

f o r  e i z i n g  would be a  p r e s s u r e  drop of 3.5" t o  4.5," of  w a t e r  column a t  

maximum d e e i g n  f low.  The o u t p u t  of t h e  mechanical duet  c o l l e c t o r  i s  

c o n n e c t e d  t o  t h e  i n d u c e d  d r a f t  f a n  which must a s s u r e  t h e  maximum 

d e s i g n  f l o w s  a t  t h e  p r e s e u r e  drops necessary f o r  t h e  proper  o p e r a t i o n  

of t h e  whole combuetion and exhauet system. 
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The s i z i n g  o f  t h e  a i r  h e a t e r  t o  o b t a i n  h e a t  r e c o v e r y  b e t w e e n  g a r  

t e m p e r a t u r e  l h i t a  a t  t h e  b o i l e r  o u t l e t ,  and t h e  dew p o i n t  a p p r o a c h ,  

e l i m i n a  t e r  t h e  need f o r  an economizer. 

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

f l e x i b i l i t y  f o r  t h e  d e s i g n  o f  a  b o i l e r  a s sembly  b e s t  s u i t e d  t o  t h e  

c h a r a c t e r i s t i c s  of t h e  f u e l ,  Such a  u n i t  would p robab ly  b e  e r e c t e d  o n  
'b 

s i t e .  T h e r e  i s  a t  l e a s t  one manufac ture r  who makes s u i t a b l e  u n i t s  i n  

shop - f ab r i ca t ed  modules which can be  s h i p p e d  t o  t h e  s i t e  and e r e c t e d  

w i t h  a minimum of f i e l d  l abo r .  

B l a c k - s t  a r t  c a p a b i l i t y  f o r  t h i s  power p l a n t  i s  c o n s i d e r e d  necessary .  

A l o c a t i o n  i m m e d i a t e l y  a d j a c e n t  t o  t h e  e x i s t i n g  d i e s e l  p l a n t  i n  

K o t z e b u e  m i g h t  p r e c l u d e  a d d i t i o n a l  f a c i l i t i e s ,  b a t  t h e  l o c a t i o n  

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

s e l f - c o n t a i n e d  e l e c t r i c a l  supply.  The use  of a u x i l i a r y  s team- turb ine  

d r i v e s  f o r  f u n c t i o n s  s u c h  a s  b o i l e r  f e e d w a t e r  pumps s h o u l d  r e c e i v e  

c a r e f u l  c o n s  i d e r a t i o n ,  D u r i n g  s t  a r t - u p ,  power w i l l  b e  r e q u i r e d  f o r  

emergency  l i g h t i n g ,  power f o r  s u p p l y i n g  f u e l  t o  t h e  g r a t e s ,  and  

f e e d w a t e r  t o  the s t e a m  dram,  A l s o ,  an u n s c h e d u l e d  o u t a g e  d u r i n g  

normal o p e r a t i n g  c o n d i t i o n s  w i l l  r e q u i r e  a  means o f  f e e d i n g  w a t e r  t o  

t h e  s t e a m  drum t h a t  i s  independent  of t h e  gene ra t ed  e l e c t r i c i t y .  This  

c a p a b i l i t y  can be most r e l i a b l y  s u p p l i e d  by i n s t a l l i n g  a  c o m b i n a t i o n  

o f  a u x i l i a r y  s t e a m  t u r b i n e  d r i v e s  and i n - p l a n t  emergency e l e c t r i c a l  

g e n e r a t i n g  u n i t s  and b a t t e r i e s .  



Coal Q u a l i t y  and S i z i n q  

. . 

C o a l  q u a l i t y  i r  a d v e r s e l y  a f f e c t e d  by h i g h  moi s tu re  c o n t e n t ,  e x c e r r  

d i r t  and r a n d ,  a n d / o r  o t h e r  i n e r t  m a t e r i a l s .  UnleS@ some fo rm o f  

' d r y i n g  i s  employed, t h e  mois ture  c o n t e n t  w i l l  be e s t a b l i s h e d  by t h e  a8 

mined cond i t i on .  To avoid deg rada t ion ,  open s t o r a g e  should b e  a v o i d e d  

i n  f a v o r  o f  c l o s e d  s t o r a g e .  C l o s e d  c o n v e y o r s  a r e  p r e f e r r e d  t o  open 
' L 

t y p e s  wh ich  a r e  d i r e c t l y  e x p o s e d  t o  t h e  v a g a r i e s  o f  v e a t h e r .  The  

p l a n t  r e q u i r e m e n t s  des  c r ibed  above p rov ide  f o r  c o a l  m o i s t u r e  c o n t e n t s  

up t o  50% a l t h o u g h  t e s t s  o f  t h e  C h i c a g o  Creek  c o a l  s a m p l e s  t o  d a t e  

i n d i c a t e  l e s s  m o i s t u r e  than t h i s .  

I n c l u s i o n  o f  d i r t ,  - s a n d ,  a n d / o r  o t h e r  i n e r t  m a t e r i a l s  i s  l a r g e l y  a 

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

s u p e r v i s  i o n  o f  p e r s o n n e l  i n v o l v e d  i n  s u c h  hand l ing  can minimize t h e  

i n c l u s i o n  of such  unwanted items. 

S i z e  p r e p a r a t i o n  o f  the  c o a l  a t  t h e  power p l a n t  would probably  be  more 

energy  e f f i c i e n t  t han  of f - s i t e  p r e p a r a t i o n  because of  t h e  a v a i l a b i l i t y  

o f  c o a l  g e n e r a t e d  e l e c t r i c i t y  r a t h e r  than  a  d i e s e l  g e n e r a t e d  supply.  

T h i s  a d v a n t a g e ,  however ,  would b e  o f f s e t  by l e s s  n o i s e  a n d  m o r e  

h a n d l i n g  e f f i c i e n c y  a t  t h e  p l a n t  s i t e  i f  o f f - s i t e  s i z i n g  i s  used. 



Environmental Cons ide ra t ions  

E n v i r o n m e n t a l  s tandards  t h a t  a r e  t o  b e  met by t h i s  power p l a n t  murt be 

e s t a b l i s h e d  by a p p r o p r i a t e  r e g u l a t o r y  a u t h o r i t y  a n d  t h e  l o c a l  

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

development;  however, t he  fo l lowing  comments a r e  made baaed o n  what  i r  

b e l i e v e d  t o  be  reasonable  aseumpt i ons :  

For t h i s  s tudy ,  an a i r  q u a l i t y  s t a n d a r d  o f  0.10 g r a i n s f s t a n d a r d  d r y  

c u b i c  f o o t  o f  g a s  ( c o r r e c t e d  t o  1 2 %  Cop)  f o r  p a r t i c u l a t e s  and 30% 

o p a c i t y  i s  used. It  is intended t h a t  t h i e  s t a n d a r d  c a n  b e  met  by t h e  

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

con ten t  does n o t  exceed 30%. F o r  h i g h e r  m o i s t u r e  c o n t e n t s ,  o p t i o n s  

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

cha rged -bed  s c r u b b e r ,  o r  a b a g  h o u s e .  Wet s c r u b b e r s  w e r e  n o t  

cons ide red  f e a s i b l e  because-of  was te  d i s c h a r g e  problems. 

S u i t a b l e  charged-bed  d r y  s c r u b b e r  equ ipmen t  i e  m a n u f a c t u r e d  by t h e  

Combus t ion  Power Company o f  Men10 Pa rk ,  C a l i f o r n i a .  I n  t h e s e  u n i t s ,  

t h e  c h a r g e d  media  bed o f  s e l e c t e d  g r a v e l  i s  c o n t a i n e d  w i t h i n  two  

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

c o n s t r u c t e d  w i t h  l ouvres  t o  p e n n i t  t h e  paesage of t h e  f l u e  g a s e s .  The 

b e d  moves c o n t i n a o u s l y  downward t o  t h e  bottom, where a  sma l l  p o r t i o n  

of it i s  removed and discharged pneumat i ca l ly  back  i n t o  t h e  t o p .  The 

media i s  c l eaned  i n  t he  process.  



Because o f  t h e  c o n t i n u a l  r e c i r c u l a t i o n  of a  p o r t i o n  of t h e  media, it 

i a  c l a imed  t h a t  t h e  u n i t  has  a  h i g h e r  t o l e r a n c e  f o r  o p e r a t i o n  a t  

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

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

r e c i r c u l a t i n g  media.  I t  i s  a l s o  c l a i m e d  t h a t  a v a i l a b i l i t y  w i l l  be 

v i r t u a l l y  100%. p a r t i c u l a r l y  i f  a  s p a r e  blower i s  i n s t a l l e d  f o r  media 

r e c i r c u l a t i o n .  
*b  

Handl ing  o f  f l y  a s h  by pneumatic r e i n j e c t i o n  i n t o  a furnace  has become 

common p r a c t i c e - - j u s t i f  i ed  on the b a s i s  o f  improv ing  combue t i o n .  I n  

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

accompanied by an i n c r e a s e  in. p a r t i c u l a t e s  d i scha rg ing  from t h e  s t a c k .  

I f  r e i n j e c t i o n  i s  employed, i t  w i l l  be accomplished by feeding  t h e  ash  

and unburned combus t i b l e s  uniformly i n t o  t h e  f u e l  stream. 

Water q u a l i t y  s t a n d a r d s  a r e  pr imar i ly  concerned wi th  t h e  d i scha rge  of 

t o x i c  wastes.  Major e n t e r p r i s e s  engaged i n  t h e  t rea tment  o f  w a t e r  f o r  

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

l i n e s  of chemicals  f o r  con t ro l l ing  t o x i c i t y  i n  t h e  d i s c h a r g e s  t o  make 

them e n v i r o n m e n t a l l y  a c c e p t a b l e .  S p e c i f i c  t r e a t m e n t s  a r e  developed 

f o r  the  p a r t i c u l a r  chemistry of the water  a v a i l a b l e  f o r  makeup. 

A major  d i s c h a r g e  s o u r c e  from a  power p l a n t  such as  t h e  one descr ibed  

h e r e i n  (us ing  a  condens ing  c y c l e )  w i l l  come from t h e  c o o l i n g  t o w e r  

blowdown f l u i d s  where  a  c l o s e d  l o o p  i s  employed t o  o b t a i n  condenser 



c o o l i n g  w a t e r .  T h i s  w a s t e  w a t e r  s o u r c e  w o u l d  b e  e l i m i n a t e d  i f  

a p p r o v a l s  a r e  o b t a i n e d  f o r  once- through c o o l i n g  u s i n g  t h e  s a l t  w a t e r  

of Kotzebue Sound. 

No i se  l e v e l s  a r e  a  concern of neighborhood6 a d j a c e n t  t o  power p l an t s .  

It i s  assumed t h a t  t h i r  coa l - f  i r e d  power p l a n t  w i l l  p r o d u c e  no  more  

n o i s e  than  t h e  d i e s e l - e l e c t r i c  p l a n t  which it w i l l  l i k e l y  d i sp l aca .  

Pre l iminary  Construct  ion Cost E s t i m a t e  

The f o l l o w i n g  c o s t a  a r e  a p p r o x i m a t e  on ly  and must be r e v i s e d  t o  s u i t  

d e s i g n  c r i t e r i a  a s  t h e y  become b e t t e r  i d e n t i f i e d   able 21).  T h e  

f i n a l  e s t  ima ted  c o n s t r u c t i o n  cos t  i n c l u d e s  t h e  power p l a n t ,  ite s t e p a p  

s u b s t a t i o n ,  and  c o v e r e d  s t o r a g e  f o r  t h e  c o a l  s t o c k p i l e .  F o r  t h e  

p u r p o s e  o f  compar ing  t h e  c o s t  o f  e n e r g y  a t  an  i n c r e a s e d  use r a t e ,  

e s t i m a t e d  c o s t s  f o r  a second u n i t  a d d i t i o n  t o  t h e  p l a n t  a r e  a l s o  

inc luded  i n  t h e  t a b l e .  





ELECTRICAL T U N S M I S  S I O R  

E l e c t r i c a l  t r a n s m i s s i o n  l i n e r  a r e  u s e d  t o  t r a n s m i t  r e l a t i v e l y  l a r g e  

amounts  o f  e n e r g y  f r o m  one p o i n t  t o  a n o t h e r  by meanr o f  wi re r .  There  

w i r e r ,  s u p p o r t e d  a b o v e  t h e  g r o u n d  a t  s a f e  h e i g h t s ,  p r o v i d e  an 

e l e c t r i c a l  p a t h  f o r  energy t r a n s f e r ,  Exper ience  w i t h  c o n s t r u c t i o n  and 

o p e r a t i o n  o f  s u c h  l i n e e  i n  A l a s k a  p r o v i d e s  t h e  b a c k g r o u n d  f o t  t h e  

e s t i m a t e s  and comments made i n  t h i s  s e c t i o n ,  

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

i n f o r m a t i o n ,  a s s u m p t i o n s ,  and c o s t s  i nvo lved  i n  t h e  economic a n a l y s i r  

of t r a n s m i t t i n g  power i n  Northwest Alaska .  U s i n g  t h i s  i n f o r m a t i o n ,  a 

c o m p a r i s o n  c a n  b e  made between b a r g i n g  c o a l  t o  Kotzebue from Chicago 

Creek v e r s u s  t h e  t r ansmis s ion  of energy  from a  mine-mouth power p l a n t  

t o  Kot z e b u e ,  Based on  t h i s  comparison and o t h e r  r e a s o n i n g ,  we s e l e c t  

Kotzebue a s  t h e  most p robab le  power p l a n t  l o c a t i o n .  However,  t o  s h o v  

how t h e  c o s t  o f  d e l i v e r i n g  e n e r g y  i s  a f f e c t e d  b y  a  c e n t r a l  power  

f a c i l i t y  f e e d i n g  an e x p a n d i n g  n e t  o f  u s e r s ,  a  s e r i e s  o f  examplee  o f  

t r a n s m i t t i n g  e n e r g y  f rom a  p l a n t  b a s e d  a t  C h i c a g o  C r e e k  t o  v a r i o u s  

combina t ions  o f  t o n s  and v i l l a g e s  i s  i n c l u d e d ,  

Economic F a c t o r s  

The a n n u a l  c o s t  o f  o p e r a t i n g  and p a y i n g  f o r  a  t r a n s m i s s i o n  1 i n e . i ~  

e x p e c t e d  t o  b e  a d d e d  t o  t h e  p r i c e  o f  t h e  e l e c t r i c i t y  w h i c h  i t  



t r a n s f e r s  from one po in t  t o  a n o t h e r .  For  p r e l i m i n a r y  e s t i m a t i n g  i n  

t h i s  r e p o r t ,  t h e  fo l lowing coat  e s t i m a t e s  and assumptions a r e  made t 

Tranemiesion Line Investment C o s t r t  
Grav i ty - s t ab i l i zed  3-phase, 138 Kv. (pe r  mi l e )  . . .$ 100,000 
Submarine c a b l e  3-phase, 138 Kv. ( p e r  mi le) .  . 1,500,000 
G r a v i t y - s t a b i l i z e d  1-phase, 80 Kv. (pe r  mi le) .  . . . 67,000 
S u b s t a t i o n s ,  3-phase, 138 Kv. (pe r  ~ v a ) .  . . . 100 
Subs ta t ions ,  I-phase, 80 Kv. ( p e r  Kva). . . . . . . 200 

Assumpt ions  o f  a n n u a l i z e d  o p e r a t i o n a l  c o s  t s  a r  a  p e r c e n t a g e  o f  
investment  : 

*% 

Non-prof it coopera t ive  ope ra t ing  u t i l i t y  
1985 d o l l a r s ,  w / e l e c t r i c a l  needs es t imated  f o r  1990 
a m o r t i z a t i o n  of investment (30 y r s  @ 9% i n t e r e s t )  . . 9.65% 

Insu rance  and i n t e r i m  replacements.  . . . . . . . . . 0.40X 
Reserve f o r  cont ingencies-  (20% of  amor t i za t ion )  . . . . 1.95% 
Opera t ion  and maintenance . . , . . . . . . . . . . . . 2.00% 

T o t a l  Annual Coste 14.00% . 

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

c a l c u l a t i o n s  i s  t h e  c o a l  t o  e l e c t r i c i t y  r a t i o  of 6500 B t a  p e r  l b .  

w/heat r a t e  of  13,652 ~ t u / ~ v h ,  o r  2.1 lb s . /~wh .  

F i g u r e  1 2  shows t h e  l o c a t i o n  o f  many o f  Northwest Alaska's v i l l a g e s  

and t o m s  and poee ib le  t ransmiss ion  l i n e  i n t e r t i e s .  Table 21 which  i s  

i n  p a r t  d e r i v e d  f rom F i g u r e  3  i n  t h e  "Market Demand" c h a p t e r  can be 

r e f e r r e d  t o  i n  o rde r  t o  o b t a i n  t h e  c u r r e n t  and f u t u r e  e n e r g y  n e e d s  o f  

v a r i o u s  v i l l a g e s .  



Figure 12: LOCATION OF POSSIBLE ELECTRICAL TRANSMISSION ROUTES 



TABLE 21 

E l e c t r i c a l  Beeda f o r  Kotzebue, t h e  Red Dog Mine, 
and Nearby V i l l a g e r  

Locat  i o n  I 1985 1 1990 1 2000 1 2010 - - 

i i i i 
Kotzebue (1) I I 1 I 

Mwb 1 15,000 1 23,000 
Tour * 1 15,690 1 24,060 

Red Dog Mine (211 1 
Mwh 1110,000 1110,000 
Tone * 1115,080 1115,080 

Noatak (3) 1 I 
Mwh 1 660 1 7 90 
Tons * 1 690 I 83 0 

Kiana (3) I 1 
Mwh 1 860 1 1025 
Tons* 1 900 1 1080 

Selawik ( 3 )  I I 
Mwh I 961 1 1145 
Tone* 1 1,005 1 1205 

Noorvik (3) 1 I 
Mwh 1 1,065 1 1270 
Tons* 1 1,114 1 1340 

Buckland (4) I I 
Mwh I 374 1 45 5 
Tone* 1 391 1 47 0 

Deer ing  (5) 1 1 
Mwh 1 374 1 445 
Tone* 1 391 1 47 0 

T e l l e r  ( 2 )  1 1 
Mwh 1 640 1 7 6 5 
Tons* 1 670 1 800 

Nome (2) I 1 
Mwh 1 20,300 1 28,650 
Tons* 1 21,315 1 30,080 

(1) Developed f rom I n t e r n a t i o n a l  Eng inee r ing  Coo,  1985 
(2) Data  from Cominco Sources  
(3) Developed from Alaska Power A d m i n i s t r a t i o n  d a t a  
(4) Developed from d a t a  i n  I n t e r n a t i n a l  Eng inee r ing  Co., 1981 
(5) E s t i m a t e  based on v i s i t  by Robert M. R e t h e r f o r d  i n  1985 

* Assuming 6500 ~ t u f l b  and 25% p l a n t  e f f i c i e n c y .  



Coal  Tranepor t  v s .  T r a n s m i s e i o n  Line8 f o r  Kotzebue's  Neede 

I f  t h e  a s r u m p t i o n  i s  m a d e  t h a t  c o s t s  f o r  t h e  c o n s t r u c t i o n  and  

o p e r a t i o n  o f  a  c o a l - f  i r e d  power  p l a n t  w o u l d  b e  t h e  s a m e  w h e t h e r  

l o c a t e d  i n  Kot z e b u e  o r  a t  C h i c a g o  Creek,  t h e  r e m a i n i n g  c o n s i d e r a t i o n  

w o u l d  b e  t o  d e t e r m i n e  w h e t h e r  e l e c t r i c i t y  f o r  t h e  c o m m u n i t y  o f  

K o t z e b u e  c o u l d  b e  d e l i v e r e d  a t  l e a a  c o s t  by t r a n e m i s s i o n  l i n e  o r  by 

b a r g i n g  c o a l  t o  p r o d u c e  a n  e q u i v a l e n t  a m o u n t  o f  e l e c t r i c i t y  i n  

Kot zebue. 
'l 

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

comparison can b e  made o f  t h e  e l e c t r i c a l  t r a n s m i s s i o n  c o s t e  v e .  t h e  

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

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

t o  K o t z e b u e  f o r  $ 2 2 / t o n  f o r  50,000 t o n s  and $ l 4 / t o n  f o r  150 ,000  tons .  

F o r  t h e  p u r p o s e s  o f  c o m p a r i s o n ,  t h e e e  e s t i m a t e 6  a r e  e x t e n d e d  t o  

i n c l u d e  a  24 ,000  t o n  c a s e  w h i c h  a p p r o x i m a t e s  K o t z e b u e e , e  n e a r - t e r m  

e n e r g y  needs  f o r  1990, t h e  b e g i n n i n g  o f  o u r  s t u d y  p e r i o d .  A t  24 ,000  

t o n e  a  $36 / ton  p r i c e  i s  e s t i m a t e d  f o r  t h e  t r a n s p o r t a t i o n  c o s t .  ' 

E l e c t r i c i t y  d e l i v e r e d  by w i r e :  

Inves tments  = 1 2 2  m i .  X $100,000 + 2  s u b s t a t i o n s  @ 
10,000 Kva X $100 

I $13,200 , O O  
Annual C o s t s  = 14.00% X 13,200,000 - $1,848,000 
Energy Del'd = 23,000,000 Kwh (24,060 t o n s  c o a l  eq.) 
Unit  Cost = $1,848,000 / 23,000,000 = S O . O S O / K W ~  

E l e c t r i c i t y  w i t h  c o a l  d e l i v e r e d  by barge:  



Coal T r a n s p o r t  = $36/ ton X 24,060 t o n s  - $866,000 
Energy Del'd = 23,000,000 Kwh 
Unit  Cost  = $866,000 / 23,100,000 - $0.037/Kwh 

U s i n g  48,000,000 Kwh o r  50 ,000  t o n s  o f  c o a l  e q u i v a l e n t ,  u n i t  c o s t s  

would be  as fo l l ows :  

Uni t  Cost by Wire = $1,848,000 / 48,000,000 - $0.039/Kwh 

Uni t  Cost by Barge = $(50,000 X 22) / 48,000,000 = $0.023/~wh 

*L 

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

e l e c t r i c i t y  by w i r e  i s  n e a r l y  double t h a t  of d e l i v e r i n g  t h e  amount o f  

c o a l  n e e d e d  t o  p r o d u c e  t h e  same amount o f  e l e c t r i c i t y  u n d e r  t h e  

assumptions  used above. 

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

would acc rue  t o  t h e  o p e r a t i o n  of a  g e n e r a t i n g  p l a n t  i n  Kotzebue .  T h i s  

would a rgue  even more s t r o n g l y  f o r  t h e  l o c a t i o n  of t h e  p l a n t  the re .  

Example of V a r i a t i o n  of  Transmiss ion Cos t s  w i t h  D i s t a n c e  and Load 

T h e  a b o v e  a n a l y s i s  f o r m s  t h e  j u s t i f i c a t i o n  f o r  t h i s  r e p o r t ' s  

a s s u m p t i o n  o f  b a r g i n g  c o a l  t o  K o t z e b u e ;  h o w e v e r ,  i t  o v e r l o o k s  t h e  

s h i f t s  i n  e c o n o m i c s  a s  d i s t a n c e s  and l o a d s  a r e  v a r i e d  w i t h i n  t h e  

system. As an example,  i t  i s  u s e f u l  t o  c o n s i d e r  t h e  a d d i t i o n a l  l o a d  

o f  Red Dog and how i t  m i g h t  a f f e c t  t h e  r e l a t i v e  c o a t  of  t r ansmis s ion  

of  energy from Chicago C r e e k  t o  Ko tzebue  and  Red Dog. L e t  u s  f i r s t  



aeso~ne  a mint-mouth p l a n t  a t  Chicago Creek and a t r a n e m i s s i o n  e x t e n d e d  

t h r o u g h  K o t z e b u e  t o  Bed Dog. Wi th  t h e  a d d i t i o n a l  e l e c t r i c a l  load 

a d d e d  t o  t h e  K o t z e b u e  r e q u i r e m e n t ,  a n d  v i t h  t h e  a d d e d  c o s t r  o f  

i n v e r t m e n t ,  o p e r a t i o n  and m a i n t e n a n c e  f o r  t h e  t r a n s m i s s i o n  sys tem t o  

Red Dog, t h e  t r a n s m i s s i o n  c o s t r  of e n e r g y  a r e  e s t i m a t e d  a e  f o l l o w r :  

E l e c t r i c i t y  d e l i v e r e d  by wire t o  Bed Dog - 
I n v e s  tment r  

Annual Cos t s  
Energy Del'd 
Uni t  Cos t 
P l u s  Kot zebue 

Inves tment  
A d d i t i o n a l  

S u b s t a t i o n  
Requirement 

= 92 m i .  X $100,000 + 3 m i .  X $1,500,000 
+ 1 S u b s t a t i o n  @ 15,000 Kva X $100 

I $15,200,000 
= 14.00% X $15,200,000 = $2,128,000 
= 110,000,000 Kvh 
= $2,128,000 / 110,000,000 = $ o . O i g / ~ ~ h  

= $15,000 Kva a t  Chicago Creek @ $100 
= $ 1,500,000 

T o t a l  d e l i v e r e d  by w i r e  t o  Kotzebue and Red Dog - 
I n v e s t m e n t s  = $15,200,000 + $13,200,000 + $1,500,000 

.I $29,900,000 
Annual Cos t s  = 14.00% X $29,900,000 = $4,186,000 
Energy Del'd = 29,000,000 (Kotz.) + 110,000,000 (ED) 

I 139,000,000 Kwh 
Uni t  Cost  = $4,186,000 / 139,000,000 $O.O30/~wh 
Coal  Req. = 146,000 t o n e  

Now l e t  u s  compa re  t h i s  c o s t  with a c o a l - f i r e d  power p l a n t  l o c a t e d  i n  

K o t z e b u e  and  e n e r g y  t r a n s m i t t e d  t o  t h e  Red Dog Mine by w i r e .  T h e  

f o l l o w i n g  u n i t  c o s t s  develop:  



Unit  cos t  arsuming barge t r a n s p o r t a t i o n  of c o a l  t o  Kotzebue -- 

146,000 t o n r  c o a l  @ $ l i l t o n  - $2,044,000 f r e i g h t  
($2,044,000 + $2,128,000) / 139,000,000 - $0.030 Kwh 

I n  t h i s  c a s e ,  t h e  c o s t  o f  d e l i v e r i n g  energy by w i r e  a s  compared t o  a  

combination of  w i re  and barge  t r a n s p o r t  i e  very  c lo se .  The compar i son  
** 

d e m o n s t r a t e s  t h a t  a s  l o a d  grows t r a n s m i s s i o n  coste/kwh decrease .  The 

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

b a r g i n g  i s  t h a t ,  a l t h o u g h  a  r e l a t i v e l y  l a r g e r  q u a n t i t y  o f  energy is  

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

a p p r e c i a b l y ,  whe reas  t h e  c o s t s  o f  s h i p p i n g  do i n c r e a s e  a s  a  l a r g e r  

t o n n a g e  o f  c o a l  i s  moved. P l e a s e  n o t e ,  t h e s e  s i m p l e  c a l c u l a t i o n s  

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

t r a n s m i s s i o n  system. 

A d d i t i o n a l  E f f e c t s  of Added Loads through Various T ransmis s ion  Nets 

U s i n g  t h e  preceding  methods f o r  e s t i m a t i n g  c o s t s ,  and a g a i n  assuming a  

mine-mouth p l a n t  l o c a t e d  n e a r  C h i c a g o  C r e e k ,  a d d i t i o n a l  s i m p l e  

a p p r o x i m a t i o n s  f o r  average  t r ansmise ion  c o s t s  and c o a l  requi rements  t o  

i n c l u d e  o t h e r  i n t e r connec  t i o n s  can b e  made: 



Chicago Creek-Kotzebue-Red Dog Syrtem ( CC-K-RD ) with  Rome 
and v i l l a g e r  of T e l l e r ,  ~ e e r i n g ,  Bucklend, Noorvik, Selawik, 
Kiana and Noatak - 

Averaged Unit C o a t  = $0.043/~wb 
Coal Requirement - 192,000 t o u r  

CC-K-RD wi th  t h e  v i l l a g e s  of Deering, ~ u c b l a n d ,  Noorvik, 
Selawik, Kiana, and Noatak only -- 

Averaged Unit Cost - $0 . 0 3 5 / ~ w h  
Coal Requirement = 152,000 tons  

Chicago Creek-Kotzebue (CC-K) connect ion  only  wi th  v i l l a g e s  
of Deering, Buckland, Noorvik, S e l a v i k ,  and Kiana -- 

Averaged Unit Cost = $0 .Oa l /~wh  
Coa 1 Requirement = 36,000 tons  

Same c o n n e c t i o n s  a s  p r e c e d i n g  e x a m p l e  e x c e p t  t h a t  
t r a n s m i s s i o n  c o s t s  and coa l  requi rements  a r e  c a l c u l a t e d  by 
a s s u m i n g  t h a t  Kotzebue pays a l l  c h a r g e s  r e l a t e d  t o  t h e  
t r a n s m i s s i o n  l i n e  between C h i c a g o  Creek and Kotzebue, and 
t h e  v i l l a g e s  s h a r e  a l l  cos t s  r e l a t e d  t o  t h e  l i n e s  connect ing  
t h e  v i l l a g e s  t o  t h e  main CC-K i n t e r t i e  only  -- 

Kotz. Unit Costs = $O.O64/~wh 
Coal Requirement - 30,000 tons  

V i l l a g e  Unit Costs = $0,179/~wh 
Coal Requirement = 6,000 tone  

Comment 8 

1) I t  i s  c l e a r  t h a t  t r a n s m i t t i n g  e l e c t r i c i t y  f o r  Kotzebue a lone  by 

wi re  from Chicago Creek i s  much more e x p e n s i v e  t h a n  t r a n s p o r t i n g  t h e  

c o a l  n e c e s s a r y  f o r  g e n e r a t i n g  t h e  same amount of e l e c t r i c i t y  i n  

Kotzebue. 



2 )  This  e x e r c i s e  has  shown t h a t  t h e  c o s t s  of  t r a n s m i t t i n g  e n e r g y  by 

w i r e  a p p r o a c h  an economica l~y  f a v o r a b l e  l e v e l ,  as  i nc reased  loads  such 

a s  Red Dog a r e  considered,  

3 )  A t r a n s m i s s i o n  l i n e  from Chicago Creek t o  Kotzebue would a l l o w  t h e  

v i l l a g e s  a long  t h e  way t o  be i n t e r c o n n e c t e d  a t  an o v e r a l l  c o s t  t hough  

r e l a t i v e l y  h i g h  would p r o b a b l y  s t i l l  be  l e s s  t h a n  t h e  "power c o s t  

e q u a l i z a t i o n "  subs idy  now provided by t h e  S t a t e  of Alaska, *L 



ESTIHATED COST ELECTRICITY 

The c o a l - f i r e d  power p l a n t  d i s c u s s e d  i n  an  e a r l i e r  c h a p t e r  i a  a  s i n g l e  

u n i t ,  1 0 , 0 0 0  Kw m o d e r n  s t e a m - t u r b i n e  p o w e r e d  g e n e r a t i n g  s t a t i o n  

d e s i g n e d  t o  o p e r a t e  i n  t h e  p a r t i c u l a r  c o n d i t i o n s  o f  t h e  A l a s k a n  A r c t i c  
I 

a t  Kotzebue. 

A p l a n t  l o c a t i o n  n e a r  t h e  Kotzebue l o a d  c e n t e r  and e x i s t i n g  g e n e r a t i n g  

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

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

assumed t h a t  o p e r a t i o n  o f  t h e  w h o l e  power  s y s t e m  i s  by t h e  e x i s t i n g  

u t i l i t y  o r g a n i z a t i o n .  

The f o l l o w i n g  t a b u l a t i o n  (Table  2 2 )  w i t h  e x p l a n a t o r y  n o t e s  p r o v i d e s  a 

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

f a c i l i t y  u n d e r  t h e  s e v e r a l  a l t e r n a t i v e s  summarized: 



TABLE 22 

P r o j e c t e d  Energy Coete--Coal-Fired Power P l a n t s  i n  Kotzebue 

KOTZEBUE ORLY ROTZEBUE & RED DOG 

P l a n t  Data  ( ~ l t e r n a t i v e )  

1. U n i t  ~ o . / S i z e  Kw 1/10 ,000  1/ 7,500 2/10,000 3 /  7,500 
2. New o r  R e b u i l t  N R B R 
3.  Cost  Ee t .  ($l,OOOee) 28,3 01 9,7 50 54,866 28,275 
4. Net Hwh D e l i v e r e d  48,000 48,000 139,000 139,000 * L 

13,652 15 ,000  13,652 15,000 5. Heat R a t e - ~ t u / ~ w h  
6. Lbs. Coa l  p e r  Kwh 2 .1 2 .3 2 .I 2 .3 
7. Coal  Consumed - Tone 50,400 55,200 146,000 159,850 

Annual C o s t s  ( $ 1 , 0 0 0 ' ~ )  

8. A m o r t i z a t i o n  -- a -- b 
9. P r o d u c t i o n  Expense 

10. P a y r o l l  
11. F i x e d  Expense  
12. V a r i a b l e  Expense 
13. F u e l  Cos t  ( p e r  t o n  $1 
14. F u e l  Cos t  ( t o t a l )  
15. T o t a l  Annual  C o s t  

Net E l e c t r i c i t y  C o s t  

16.  Net Mwh D e l i v e r e d  48,000 48,000 1 3  9,000 13 9,000 

17. Cost  p e r  Kwh ($1: 

(See f o l l o w i n g  page  f o r  e x p l a n a t o r y  n o t e s  t o  t h i s  t a b l e . )  



EXPLANATORY NOTES TO TABLE 22 

I n d i c a t e r  t h e  number o f  u n i t 8  i n  t h e  p l a n t  and t h e  u n i t  s i z e  i n  
KWO 
I n d i c a t e r  new (R) o r  remanufac tured  (R) u n i t s ,  
Eatimated c o s t a  a r e  developed a s  fo l lows :  

l e v  u n i t  c o s t a  a r e  t aken  from Table  21 of  t h i s  r e p o r t .  

Remanufactured u n i t  c o s t s  a r e  based on t h e  $1 ,30O/~w 
e s t i m a t e  s u p p l i e d  by H r .  E r i c  Baemer i n  a  l e t t e r  d a t e d  
December 1, 1985 (See Appendix E,  open-f i l e  r e p o r t  1, 
For t h e  m u l t i p l e  u n i t  p l a n t  of  A l t e r n a t i v e  (D), t h e  
p r i c e  f o r  t h e  second and t h i r d  u n i t s  was t a k e n  a s  95% 
of  t h e  $1,30O/~w f o r  t h e  s i n g l e  u n i t .  

& 

The l e t  Mwh d e l i v e r e d  f o r  A l t e r n a t e s  (A) and ( C )  i s  t h a t  of t h e  
p r o j e c t e d  demand a t  t h e  average  h i s t o r i c  g r o w t h  r a t e  ( ~ i g u r e  3 )  
f o r  t h e  y e a r  1995 .  T h i s  e n e r g y  requ i rement  w i l l  r e q u i r e  a  c o a l  
tonnage of about  50,000 annua l ly .  
The h e a t  r a t e s  f o r  A l t e r n a t i v e  (A) and (B) a r e  developed from t h e  
a s s u m p t i o n  t h a t  a  2 5 %  e f f i c i e n t  c o a l - f  i r e d  p o w e r  p l a n t  i s  
r e a s o n a b l e  f o r  modern machinery i n  Kotzebue. The h e a t  r a t e s  f o r  
t h e  remanufactured u n i t s  i s  i n c r e a s e d  by 10% t o  accoun t  f o r  o l d e r  
equipment c h a r a c t e r i s t i c s .  
Us ing  a  h e a t  v a l u e  o f  6 , 5 0 0  ~ t u f l b .  f o r  t h e  c o a l  from Chicago 
Creek and t h e  h e a t  r a t e s  of  t h e  r e s p e c t i v e  A l t e r n a t i v e s  g i v e s  t h e  
l b s .  of c o a l  per  Kwh a s  fo l l ows :  

13,652 Btu's a r e  r e q u i r e d  f o r  each  Kwh produced by t h e  
A l t e r n a t i v e  p l a n t s  (A)  and (B) .  13,652/6,500 = 2.1 lbs .  
of c o a l  f o r  each  Kwh. 

C o a l  consumed i s  d e t e r m i n e d  by m u l t i p l y i n g  I t em 4 by 1,000 ( t o  
g e t  Kwh), t h e n  m u l t i p l y  b y  2 . 1 / 2 , 0 0 0  t o  g e t  t o n s  o f  c o a l  
requ i red .  
A m o r t i z a t i o n  o f  inves tment  i s  based on 9% i n t e r e s t  f o r  a  30-year 
per iod ,  p a i d  b a c k  i n  m o n t h l y  i n s t a l l m e n t s  f o r  t h e  "a"  o p t i o n .  
The "b" o p t i o n  a s sumes  t h a t  5% i n t e r e s t  f o r  a  s i m i l a r  pe r iod  i s  
a v a i l a b l e .  The r e s p e c t i v e  annua l  f a c t o r s  a r e  9.65% and 6.44%. 
P r o d u c t i o n  e x p e n s e  i s  t h e  o p e r a t i n g  a n d  m a i n t e n a n c e  c o s t s  
e s t ima ted  f o r  c o a l - f i r e d  power p l a n t s  i n  t h e  A r c t i c .  
The v a l u e  o f  t h e  man-hours  r e q u i r e d  f o r  t h e  p l a n t  o p e r a t i o n  and 
maintenance . 
Miscel laneous f i x e d  annua l  expenses .  
Misce l laneous  v a r i a b l e  annua l  expenses  ( s u p p l i e s ,  e t c . ) .  
Fue l  c o s t s  t aken  from Tables  1 8  and 19 of t h e  r e p o r t .  
I tem 13 t imes I tem 7.  
The sum o f  I tems 8 ,  1 0 ,  11, 1 2 ,  and 14. 
Same a s  I t em 4. 
I tem 15 f I t em 16. 



The e x i s t i n g  d i e s e l - e l e c t r i c  g e n e r a t i n g  p l a n t  i n  Kotzebue h a s  r e p o r t e d  

power  c o s t r  f o r  1984. C a l c u l a t i o n  of c u r r e n t  d i e e e l  e l e c t r i c  c o s t s  i r  

as f o l l o w r  t 

TABLE 23 

Cur r en t  D i e s e l  P l a n t  Cos t a  

P l a n t  D a t a  

1. Uni t  N O . / A V ~ .  S i z e  Kw 7 /  950 
2. Net Mhw D e l i v e r e d  14,247 
3. Average Net Heat  Ra te  ( 8 t u l ~ w h )  10,600 
4. D i e s e l  F u e l  (1 ,000 ~ a l s . )  1 ,118  

Annual C o s t s  ( $ 1 , 0 0 0 ' ~ )  

5 . D e p r e c i a t i o n  and I n t  e r e s t  
6. Ope ra to r  Expense (w/o f u e l )  
7 .  Maintenance Expense 
8. F u e l  Cost  
9. T o t a l  Annual Cost  

Net E l e c t r i c i t y  Cost  

10. Net Mwh D e l i v e r e d  
11. Average Cost  p e r  Kwh ($1 

T h e s e  f i g u r e s  c a n  b e  u s e d  f o r  compar ison t o  t h e  c a l c u l a t e d  c o s t s  f o r  

c o a l - f i r e d  g e n e r a t i o n  i n  t h e  p r ev ious  pages. I t  i s  c l e a r  t h a t ,  u n l e s s  

a  c h e a p e r  s o u r c e  o f  c o a l  i s  f o u n d ,  i t  does n o t  make s e n s e  t o  conve r t  

t o  a  c o a l  p l a n t  o n  t h e  b a s i s  o f  K o t z e b u e ' s  e l e c t r i c a l  e n e r g y  

r e q u i r e m e n t s  a l o n e .  However ,  an i n t e r t i e  t o  Red Dog would c r e a t e  a  

s u b s t a n t i a l  s a v i n g s  i n  d e l i v e r e d  power t o  b o t h  Kotzebue and Red Dog. 



Explana tory  Notee t o  Table  23 t 

T h e  Ko tzebue  E l e c t r i c  A s r o c i a t i o n  (KEA)  D i e s e l  P l a n t  i n  1 9 8 4  
i n c l u d e d  2 -500  K w ,  1 - 1 0 2 5  K w ,  1 - 1 0 0 0  K w ,  a n d  1 - 1 8 0 0  Kv 
d i e s e l - e l e c t r i  c  u n i t s ,  p l a r  2 - 9 0 0  Kw d i e s e l - f i r e d  g a r  
t u r b i n e - e l e c t r i c  u n i t r .  

A c t u a l  e n e r g y  d e l i v e r e d  t o  t h e  KEA e l e c t r i c  d i s t r i b u t i o n  system 
i n  1984. 

C a l c u l a t e d  f r o m  a v e r a g e  Btu  c o n t e n t  of  a g a l l o n  o f  d i e s e l  f u e l  l 

( 1 3 5 , 2 9 5  ~ t u )  t i m e s  n u m b e r  o f  g a l l o n s  c o n s u m e d  ( 1 , 1 1 8  , 0 0 0  
g a l l o n s )  t hen  d i v i d e d  by t h e  n e t  Kwh d e l i v e r e d  (14,246,800).  

F u e l  consumed d u r i n g  1984, t a k e n  from KEA r eco rds .  

T a k e n  f r o m  KEA r e c o r d s  f o r  1 9 8 4 ,  T h i s  i t e m  c a n  b e  compared 
approx imate ly  t o  t h e  a m o r t i z a t i o n  c o s t s  of  Tab l e  2 2 ,  O p t i o n  ( b ) ,  
o p e n - f i l e  r e p o r t .  

T a b l e  f r o m  KEA r e c o r d s  and  i n c l u d e s  o p e r a t i n g  l a b o r ,  i n s u r a n c e ,  
t a x e s ,  and mi sce l l aneous  expense.  

Taken f rom KEA r e c o r d s  and i n c l u d e s  a l l  maintenance expense.  

Taken  f r o m  K E A  r e c o r d s  and  shows an average  c o s t  o f  about  $1.13 
p e r  g a l l o n .  

Sum of  I t ems  5 ,  6 ,  7 ,  and 8 -  

Same a s  I t em 2. 

I t em 9  d i v i d e d  by I t em 10. 



TEE PERMITTING PROCESS AND ASSOCIATED ENvIRONHENTBL STUDIEa 

B e c a u e e  mos t  a p p l i c a t i o n s  f o r  p e r m i t s  r e q u i r e  f u l l  p l a n s  of o p e r a t i o n ,  

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

d e a  i g n r ,  r e c l a m a t i o n  p l ans ,  and b a s e l i n e  s t ud i e s - - a l l  o f  which s a t i s f y  

t h e  r ev i ewing  agenc i e r  invo lved ,  p r e p a r a t i o n  of a p p l i c a t i o n e  r e q u i r e 6  

a minimum o f  1 t o  2 y e a r s  o f  p l a n n i n g  t i m e ,  P r o c e s s i n g  o f  p e n n i t r  
# 

i n c l u d e s  p u b l i c  n o t i c e s  a n d  p u b l i c  h e a r i n g s  w h i c h  c a n  b e  d o n e  
'* 

c o n c u r r e n t l y  f o r  v a r i o u s  pe rmi t s ,  Allowing f o r  p o s s i b l e  c o n t r o v e r s i a l  

i s s u e s  t h a t  would e x t e n d  p e r m i t t i n g  s c h e d u l e ,  18 t o  2 4  m o n t h s  o f  

p r o c e s s i n g  t ime should be a n t i c i p a t e d  f o r  r e c e i v i n g  a l l  a u t h o r i z a t i o n s  

t o  proceed.  

Penn i t  D e s c r i p t  i o n s  

Deve lopmen t  o f  t h e  Ch icago  C r e e k  c o a l ,  wh ich  cou ld  i n v o l v e  a  mining 

o p e r a t i o n ,  power p l a n t ,  a c c e s s  road ,  and p o r t ,  w i l l  r e q u i r e  ~ e r m i t t i n g  

t h r o u g h  v a r i o u s  l o c a l  s t a t e  and f e d e r a l  agenc i e s ,  The f u l l  p e r m i t t i n g  

p l a n  would  r e q u i r e  s y s t e m a t i c  c o o r d i n a t i o n  a n d  t i m i n g  o f  p u b l i c  

n o t i c e s  and p u b l i c  hear ings .  

T h i s  s e c t i o n  p r o v i d e s  g e n e r a l i z e d  i n fo rma t ion  r e g a r d i n g  t h e  types  of 

a u t h o r i z a t i o n s ,  s t a n d a r d s  t o  be  met ,  and b a s e l i n e  s t u d i e s  t h a t  w i l l  b e  

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

F u r t h e r  p e r m i t s  may be r e q u i r e d  f o r  any s p e c i a l  c i r c u m s t a n c e s  t h a t  may 

b e  encoun te r ed ,  such as  h i s t o r i c  s i t e s  o r  endangered s p e c i e s ,  



Surf ace  Mining 

S u r f a c e  c o a l  m i n i n g  programs i n  Alaska  a r e  r e g u l a t e d  by t h e  Div i s ion  

o f  M i n i n g ,  D e p a r t m e n t  o f  N a t u r a l  R e r o u r c e r ,  S t a t e  o f  A l a e k a -  

R e g u l a t i o n s  found i n  I1 AAC, Chapter 90 were developed pursuant  t o  t h e  

Alaska Sor face  Coal Mining Control and Reclamation Act (AS 41.45). 

'L 

A p p l i c a t i o n  f o r  a  p e r m i t  t o  mine c o a l  v i l l  r e q u i r e  e n v i r o n m e n t a l  

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

l i m i t e d  t o ,  t h e  fol lowing:  

C u l t u r a l  and H i s t o r i c  Resources 
Hydrology 
Geology 
Ground Water 
Surf ace Water 
A l t e r n a t i v e  Water Supply In fo rma t ion  
Cl imato logica l  In fo rma t ion  
Vegetat ion 
F i sh  and W i l d l i f e  Resource8 
Endangered Spec i e s  
S o i l  Reeourcer 
Land Use 

Minimum s t a n d a r d s  s e t  out  by t h e  Act i n c l u d e ,  but  a r e  not  l i m i t e d  t o ,  

t h e  fo l lowing:  

1 )  R e c l a m a t i o n  m u s t  o c c u r  a s  c o n t e m p o r a n e o u s l y  a s  
p r a c t i c a b l e .  

2 )  B a c k f i l l i n g  and g r a d i n g  m u s t  f o l l o w  c o a l  r e m o v a l  
according  t o  an approved time schedule.  



3 )  F i n a l  s l o p e e  must  n o t  e x c e e d  i n  g r a d e  t h e  a p p r o x i m a t e  
p r e -min ing  e loper .  

4 )  B a c k f i l l  and g rad ing  must a c h i e v e  a minimum s t a t i c  s a f e t y  
f a c t o r  o f  1.3. 

5 ) A l l  a c  id-forming,  tox ic - fo rming  o r  combus t ib le  m a t e r i a l 8  
r ema in ing  a f t e r  m i n i n g  mus t  b e  c o v e r e d  by a  minimum o f  4 
f e e t  of  non-toxic,  non-combuetible m a t e r i a l .  

6 )  T o p s o i l  must be s eg rega t ed ,  s t o c k p i l e d ,  and r e d i s t r i b u t e d  
upon r ec l ama t ion .  

7 )  D r i l l  h o l e s  must be capped, c a s e d ,  s e a l e d ,  o r  b a c k f i l l e d  
t o  p r e v e n t  a c i d  o r  o t h e r  t o x i c  d r a i n a g e  from e n t e r i n g  ground 
o r  s u r f a c e  w a t e r ,  a n d  t o  m i n i m i z e  d i s t u r b a n c e  o f  t h e  
p r e v a i l i n g  hydro log ic  ba lance .  

8 )  S u r f a c e  d r a i n a g e  f rom d i s t u r b e d  a r e a s  must  b e  p a s s e d  
t h r o u g h  s e d i m e n t a t i o n  ponds  o r  a  t r e a t m e n t  f a c i l i t y  o r  
o t h e r w i s e  mee t  s t a t e  and f e d e r a l  w a t e r  q u a l i t y  l a w s  and  
r e g u l a t i o n s .  

9 )  A l l  s u r f a c e  a r e a s  must be  p r o t e c t e d  from e r o s i o n  and a i r  
and w a t e r  p o l l u t i o n  d e r i v e d  frnm mining  ope ra t i one .  

A i r  Q u a l i t y  

C o m p l i a n c e  w i t h  t h e  1970  Clean A i r  Act would r e q u i r e  an assessment  of 

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

p r e - c o n s  t r u c t i o n  ambient a i r  q u a l i t y  m o n i t o r i n g  system and p r e p a r a t i o n  

of a p p l i c a t i o n s  f o r  a  "Preven t ion  o f  S i g n i f i c a n t  D e t e r i o r a t i o n  (PSD) , 

P e r m i t "  a n d  a  " P e r m i t  t o  C o n s t r u c t - A i r " ,  r e g u l a t e d  by t h e  A l a s k a  

Department o f  Environmental  Conserva t ion .  



Water ~ u a l i t v  and U s q  

The U . S .  E n v i r o n m e n t a l  P r o t e c t i o n  Agency  administers t h e  BPDES 

, (Nat ional  P o l l u t a n t  D i s  c h a r g e  and E l i m i n a t i o n  s p r t  em) program u n d e r  

t h e  a u t h o r i t y  o f  t h e  F e d e r a l  Water P o l l u t i o n  Con t ro l  A c t ,  a r  amended 

by the  Clean W a t e r  Act  o f  1977. Under t h i s  p rogram,  EPA r e g u l a t e *  

p o i n t  source d i s c h a r g e s  i n t o  a  waterway. 

The Alaska Department of Environmental Conserva t ion  must a u t h o r i z e  t h e  

d i s c h a r g e  of wastewater  i n t o  or  upon a l l  wa te r s  o r  land s u r f a c e  of t h e  

s t a t e .  

A w a t e r  r i g h t s  p e r m i t  i s  r e q u i r e d  f o r  une o f  p u b l i c  w a t e r  and i r  

authorized by t h e  Alaska Department of Na tu ra l  Resources. 

The C o r p s  o f  E n g i n e e r s  a d m i n i s t e r s  r e g u l a t i o n e  o f  work s u c h  a* 

cons t ruc t ion  o f  s t r u c t u r e s ,  excavat ion o r  f i l l  i n  ."navigable v a t  e r s  o f  

t h e  United S t a t e s n  under  Sec t ion  10 of t h e  R ive r s  and Harbors Act. 

The Corps of Engineers  a l s o  r egu la t e s ,  under S e c t i o n  404 of  t h e  C l e a n  

Water Act ,  t h e  d i s c h a r g e  of dredged o r  f i l l  m a t e r i a l  i n t o  U.S.  waters ,  

inc luding  wetlands.  



S o l i d  Was tq  

DEC a d m i n i s t e r s  s o l i d  w a s t e  d i s p o s a l  p e r m i t s  f o r  proposed methods o f  

o p e r a t i o n  o f  a f a c i l i t y  t o  d i s p o s e  of  s o l i d  w a s t e .  

Fish and W i l d l i f e  

'L 

T h e  A l a s k a  D e p a r t m e n t  o f  F i a h  and Game m u s t  a p p r o v e  any p r o p o s a l  t o  

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

l a k e s ,  o r  s t r e a m s  c o n s i d e r e d  t o  be i m p o r t a n t  f o r  anadromoue f i s h .  

Dam S t r u c t u r e  

The D e p a r t m e n t  o f  N a t u r a l  Resources ( D N R )  must a p p r o v e  c o n s t r u c t i o n  o f  

any dam s t r u c t u r e  o v e r  10 f e e t  h i g h  o r  t h a t  impounds  o v e r  5 a c r e - f e e t  

o f  w a t e r .  

T i d e l a n d s  Use 

D N R  i s s u e s  t e m p o r a r y  p e r m i t s  and p e r m a n e n t  t i d e l a n d s  l e a s e s  f o r  

s t r u c t u r e s  o r  uses o f  t i d e l a n d s ,  A t i d e l a n d s  l e a s e  f o r  a  p e r m a n e n t  

s t r u c t u r e  would b e  i s s u e d  under  a c o m p e t i t i v e  b i d ,  



C o a s t a l  Zonq 

The Governor ' ,s  O f f i c e  o f  Management and Budget c o o r d i n a t e s  p e r m i t t i n g ,  

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

r e q u i r e d  by t h e  A l a s k a n  C o a s t a l  Zone Management P l a n ,  The propoeed 

p l a n  must be c o n s i s t e n t  w i t h  t h e  S t a t e  C o a s t a l  Z o n e  Management  P l a n ,  

A t  t h i s  t i m e ,  t h e r e  i s  no a p p r o v e d  l o c a l  c o a s t a l  z o n e  p l a n  f o r  t h e  

a r e a ,  

N a t i v e  A u t h o r i z a t i o n s  

A p e r m i t  t o  o p e r a t e  a n d  t o  deve lop  t h e  c o a l  must b e  a c q u i r e d  f rom the 

NANA Regiona l  C o r p o r a t i o n .  

Env i ronmenta l  O b s e r v a t i o n s  o f  t h e  Pro  i e c t  Areg 

No s p e c i f i c  e n v i r o n m e n t a l  b a s e l i n e  s t u d i e s  h a v e  been  c a r r i e d  o u t  i n  

t h e  Chicago Creek a r e a ;  however, r e g i o n a l  s t u d i e s  by t h e  S t a t e  D i v i s o n  

o f  F i s h  i Game c o n t a i n  some r e l e v a n t  d a t a  on f i s h  h a b i t a t ,  m i g r a t o r y  

b i r d s ,  and p o p u l a t i o n s  o f  l a r g e  mammals, R e g i o n a l  a n d  v i l l a g e  n a t i v e  

c o r p o r a t i o n s ,  i n  c o n j u n c t i o n  w i t h  t h e  U n i v e r s i t y  o f  A l a s k a ' s  game 

management s p e c i a l i s t s ,  m a i n t a i n  d a t a  f  i l e s  o n  t h e  many l o c a l  r e i n d e e r  

h e r d s ,  I n  t h e  Kotzebue a r e a ,  h i s t o r i c  d a t a  and c u r r e n t  i n f o r m a t i o n  o n  

c l i m a t i c  c o n d i t i o n s ,  a i r  and  w a t e r  q u a l i t y ,  g r o u n d  w a t e r ,  and o t h e r  

c o n d i t i o n s  v i l l  h e l p  d e c r e a s e  t h e  amount of b a s e l i n e  s t u d y  n e c e s s a r y ,  



S e v e r a l  o b s e r v a t i o n s  on  t h e  genera l  ecology o f  t h e  Chicago Creek a r e a  

were  made by p r o j e c t  g e o l o g i s t r :  

1 )  F i s h :  According t o  Deering v i l l a g e r s ,  salmon do n o t  m ig ra t e  up 
t h e  Kugruk much beyond i t s  mouth. Gray l ing ,  Whi t e f i sh ,  and Dol ly  
Varden a r e  p r t e e n t  i n  t h e  Kugruk. (See HacLean & D e l a n e y ,  1978) .  
No f i s h  were  seen  o r  r epo r t ed  i n  Chicago Creek i t s e l f .  

2 )  B i r d l i f e :  B i r d l i f e  i s  p r o l i f i c  i n  t h e  a r e a .  W a t e r f o v l  
o b s e r v e d  i n c l u d e d  C a n a d i a n  g e e s e ,  t r u m p e t e r  swane,  s a n d h i l l  
c r a n e s ,  m a l l a r d  and p i n t a i l  ducks, and A r c t i c  loons .  

3 )  S m a l l  Mammals :  O b s e r v e d  w e r e  r e d  b a c k e d  v o l e s ,  g round  
s q u i r r e l s ,  and f o x .  L o c a l  r e s i d e n t s  r e p o r t e d  p o r c u p i n e ,  l a n d  
o t t e r ,  beave r ,  and wolver ine .  
4 )  L a r n e  Mammals: Observed were moose, brown o r  g r i z z l y  bea r ,  and 
c a r i b o u .  Most o f  t h e  "car ibou ,"  s  i g h t i n g s  w e r e  p r o b a b l y  l o c a l  
r e i n d e e r  herds .  

P l a n t s  

The  l a n d s c a p e  i n  t h e  Chicago  C r e e k  a r e a  i s  c h a r a c t e r i z e d  by a  
t r e e l e e s  r o l l i n g  tundra .  Willow and a l d e r  grow a l o n g  t h e  s t r e a m  
c o u r s e s  o n l y  o c c a s i o n a l l y  reach ing  10 f e e t  i n  h e i g h t .  The t u n d r a  
b l anke t  o f  sphagnum moss, dwarf w i l l o v ,  e t c .  i s  a  v e r y  e f f e c t i v e  
i n s u l a t o r ,  n o r m a l l y  a l l o w i n g  s e a s o n a l  t haw  d e p t h s  o f  only 2  t o  
2 1 / 2  f e e t .  When t h i a  b l a n k e t  i s  d i s t u r b e d ,  t h a w i n g  a d v a n c e s  
r a p i d l y  and can  cause  erosion.  

P o t e n t i a l  Environmental Impact e 

The most l i k e l y  s i g n i f  i c a n t  env i ronmen ta l  impacts  of  a c o a l  mine and 

power p l a n t  would p robab ly  a r i s e  from: 



1 )  A i r  c o n t a m i n a n t s  f rom t h e  vower p l a n t :  P o s s i b l e  s o l u t i o n r  
i n c l u d e  u s e  o f  a  f l u i d i z e d  b e d  b o i l e r  d e s i g n  w h i c h  c o u l d  
e f f e c t i v e l y  decreare  s u l f u r  l e v e l s  i n  the  powerhouse s t a c k  a s  w e l l  
a s  b u r n  t h e  c o a l s  more e f f i c i e n t l y ,  Ash can be c o n t r o l l e d  us ing  
e tandard  e l e c t r o s t a t i c  p r e c i p i t a t o r s  and/or a baghouse, 

2 )  Water q u a l i t y  a t  Chicano C r e e h t  D i v e r s i o n  of  Chicago Creek 
w i l l  be necessary t o  avoid p i t  water  problems, The d i v e r s i o n  w i l l  
need t o  be designed t o  avoid d i s c h a r g e r  from the  mine, 

3 )  E r o s i o n a l  e f f e c t s  a r i s i n n  from d i s tu rbance  of tundra:  A good 
u n d e r s t a n d i n g  of t h e  s e n s i t i v e  n a t u r e  of the  tundra  t o  mechanical 
and/or  thermal d i s tu rbance  w i l l  a l l o w  r o a d r  and s t r u c t u r e s  t o  b e  
p laced  without  s i g n i f i c a n t  e ros ion .  

4) I n c r e a s e  i n  e x t r a  c u r r i c u l a r  human a c t i v i t i e s  i n  t h e  mine s i t e  ?*  

a r e & :  R e g u l a t i o n  and m o n i t o r i n g  o f  such  a c t i v i t i e s  w i l l  be 
neces sary.  



RECOMMENDATIONS 

T h e  p r o j e c t e d  d e l i v e r e d  c o s t s  o f  power  t o  K o t z e b u e  and t h e  Kotzebue 

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

f e a s i b i l i t y  s t u d y  i s  j u s t i f i e d .  Such a  s t u d y  s h o u l d  i n c l u d e  a n  o n s i t e  

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

e q u i l i b r i u m  m o i s t u r e  q u e s t i o n s  a n d  a l l o w  a  b e t t e r  d e t e r m i n a t i o n  of 
*L 

c o a l - b u r n i n g  c h a r a c t e r i e t i c s ,  and an  a i r  q u a l i t y  s u r v e y  i n  Kotzebue .  

E a r l y  i n  t h i s  i n v e s t i g a t i o n ,  we o p t e d  f o r  c o n v e n t i o n a l  s t e a m  b o i l e r  

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

t ethnology i s ,  however ,  d e v e l o p i n g  r a p i d l y ,  and improvemente  a r e  b e i n g  

m a d e  i n  o p e r a t i o n  a n d  m a i n t e n a n c e  a s  w e l l  a s  i n i t i a l  d e s i g n  

c o n f i g u r a t i o n  o f  u n i t e .  Based o n  t h i s  r a p i d  deve lopmen t ,  a d e f i n i t i v e  

f e a s i b i l i t y  s h o u l d  i n c l u d e  f l u i d  bed a s  w e l l  a s  new and  r e m a n u f a c t u r e d  

c o n v e n t i o n a l  b o i l e r s .  The c h o i c e  o f  c o n v e n t i o n a l  v s .  f l u i d  bed  u n i t s  

s h o u l d  b e  made i n  c o n j u n c t i o n  w i t h  s i t e  a i r  q u a l i t y  i n f o r m a t i o n .  

C h i c a g o  C r e e k  l i g n i t e  c o n t a i n s  much l e s s  s u l f u r  t h a n  m i d - c o n t i n e n t  

c o a l ,  b u t  h a s  a  h i g h e r  c o n t e n t  o f  s u l f u r  t h a n  m o s t  A l a s k a  

s u b b i t u m i n o u e  c o a l .  T h e  u s e  o f  f l u i d  bed t e c h n o l o g y  h a s  t h e o r e t i c a l  

a d v a n t a g e 8  o v e r  c o n v e n t i o n a l  b o i l e r s  i n  bo th  S O 2  and NO= t h a t  d e s e r v e  

e x a m i n a t i o n .  



O t h e r  i m p o r t a n t  f u t u r e  work shou ld  i n c l u d e :  

1 )  C o m p a r a t i v e  economic  s t u d i e s  s h o u l d  be  made w i t h  o t h e r  

c o a l s ,  b o t h  i n s i d e  and o u t s i d e  Alaska .  

2)  Low i n t e r e s t  f i n a n c i n g  o p t  i o n s  a v a i l a b l e  t o  government 

e n t i t i e s  s h o u l d  be  reviewed a s  w e l l  a s  l e v e r a g e d  t a x - d r i v e n  

p r i v a t e  f i n a n c i n g .  

3 ) L a s  t , b u t  pe rhaps  most i m p o r t a n t ,  o n c e  t h e  above s t u d i e s  

a r e  c o m p l e t e d ,  a N o r t h w e s t  A l a s k a  r e g i o n a l  p o w e r  s t u d y  

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

Kotzebue  a s  opposed t o  o t h e r  a r e a s  a n d  s h o u l d  c o n s i d e r  i n  

m o r e  d e t a i l  t h e  v a r i o u s  t r a n s m i s s i o n  i n t e r t i e  o p t i o n s  and 

t h e i r  b e n e f  i t s .  
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CONVERSION FACTORS 

I. weight   ens ity 
1 l b .  = 2,205 g r e  = 2.2 Kg. 

I f t  ( c h i c a g o  Creek c o a l )  - 80 l b s .  ( approx . )  o r  
a  d e n s i t y  of 1.28 gr . /cm3 

1 yd ( c h i c a g o  Creek c o a l )  = 2,160 1b.e - 1.08 s h o r t  
t o n s  

11. volume /Area 

111. Energy E q u i v a l e n t  8 

2.1 l b a .  Chicago Creek c o a l  ( @  6,500 Btuf l b . )  = 
1 Kwh @ 2 5 %  p l a n t  e f f i c i e n c y  

1.8 l b s .  Chicago Creek c o a l  ( @  7,500 ~ t u / l b . )  - 
1 Kwh @ 25% p l a n t  e f f i c i e n c y  

0.1 g a l .  (0.6 l b s . )  d i e s e l  f u e l  (*137,000 ~ t u / ~ a l )  = 
1 Kwh @ 2 5 %  p l a n t  e f f i c i e n c p  



APPENDIX A 

E l e c t r i c a l  and Space Heating Demand Tables 



TABLE A-1 

Coal Required f o r  E l e c t r i c a l  Generat ion  
( ~ o t  zebue and Surrounding V i l l a g e r  *) 

1 .  Dames and Moore, 1981 . 
2 .  A r c t i c  S l o p e  E n g i n e e r s ,  1982 

* Inc ludes  Kotzebue,  Buckland, Deering,  Kiana,  Noorvik ,  and Selawik 

TABLE A-2 

Coal Required f o r  D i r e c t  Heat * 
( ~ o t  zebue)  

1 .  Dames and Moore, 1 9 8 1 .  

2 .  A r c t i c  S l o p e  E n g i n e e r s ,  1984.  

* I n c l u d e s  cooking and hot-water energy demands. 



TABLE A-3 . 
Coal Required f o r  Direct  Heat * 

( ~ o t z e b u e  and Surrounding V i l l a g e e  **) 

1 .  Dames and Moore, 1981.  

2 .  A r c t i c  Slope Engineers,  1984.  

* I n c l u d e s  cooking and hot-water energy demands 
** I n c l u d e s  Kotzebue, Buckland, Deering,  Kiana, Noorvik, and Selawik 



APPENDIX B 

Supplementary  Graph ic  D r i l l  Log S e c t i o n s  
( S e c t i o n  L i n e s  Shown on  P l a t e  1) 

E X P L A N A T I O N  

1 . . - Coal bearing sediments 

Green and gray schist 

pq 
, -  . , -... Gray to black schist 



WEST EAST 

H O R I Z O N T A L  8 V E R T I C A L  S C A L E  1'' = 100' 



WEST EAST 

H O R I Z O N T A L  & V E R T I C A L  SCALE I "  = 100' 



WEST EAST 

H O R I Z O N T A L  8 V E R T I C A L  S C A L E  I "  = 100' 



WEST EAST 

- .  . - -  

H O R I Z O N T A L  a V E R T I C A L  SCALE I "  = 100' 



WEST EAST 

H O R I Z O N T A L  8 V E R T I C A L  S C A L E  1'' = 100' 



WEST EAST 

HORIZONTAL 8 VERTICAL SCALE 1 "  = 100' 



WEST EAST 

H O R I Z O N T A L  8 V E R T I C A L  S C A L E  I" = 100' 



WEST EAST 
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WEST 0 EAST 

HORIZONTAL 8 VERTICAL SCALE I "  = 100' 



APPENDIX C 

Core Summary and 1985  Proximate Analyses 



SUFPIARY OF 1985 CMICACX) CREEK CORING PROGFW1 - 

. - I I - I I I I I I I APPROX. 
I I -- , ;-'- . 1 ' "  I *  I '- I DRILLED I I SAT.?PLED I ADDIN. 

. . IROTARYI- IRUN IRUN IRECOVERYI IIRERVAL I I IP;TERVAL I 
HOLE1 # I DATE 1 t IFEFT! (feet) I (feet) ISAFIPLE~ (feet) I - I 1 - 1-1- I I I I I 
'" - - 1 'z-?Sl k-!5-P51 1 17.01 7.591 C1.0- 84.51 1- 831 83.5- 84.51 
?C 1 33-851 6-26-851 1 1 9.01 4.001 39.0- 43.01 2- 421 42.0- 43.01 
2C 1 3-851 6-27-851 2 1 4.01 4.001 48.0- 52.01 2- 491 48.7- 49.71 
2C I 3-8516-27-851 3 14.51 ?.SO1 52.0-56.01 2 - 5 2 1  52.0-56.51 
2C 1 3-851 6-27-85 1 4 1 1.0 1 .251 56.5- 57.51 I I 
2C 1 3-851 6-27-851 5 14 .81  4.301 57.5-62.31 2 - 5 8 1  57.5-62.01 
2C 1 3-851 6-28-851 6 13.01 2.801 63.0- 66.01 2- 631 63.0- 66.01 
2C I 3-851 6-28-851 7 110.01 5.001 56.0-76.01 2 - 6 7 1  68.5-71.01 
2C 1 3-851 6-28-851 8 14.01 4.001 76.0- 80.01 2- 761 76.0- 80.01 
3C 1 6-851 7-3-851 1 110.01 4.501 23.5- 33.51 I I 
3C 1 6-851 7- 3-851 2 14.51 4.501 33.5- 36.01 I I 
6C I6E-851  7 -3 -851  11 3.01 3.001 95.0-S8.016C-951 95.0-98.01 
6C I6E-851  7-3-PSI  2 13 .01  3.001102.0-105.016~-102ll02.0-105.01 
6C21 65-8517-3-851 1110.01  6.001 68.0-78.01 6 - 6 8 1  68.0-74.01 
6C2I 6 ~ - 8 5 1  7- 3-851 2 1 7.01 6.001 78.0- 05.01 6- 801 80.0- 82.01 
6C21 6E-851 7-3-851 3 11.01 -251 85.7- 86.51 6- 821 82.0- Pb.51 
6C21 5E-851 7- 3-851 4 16 .01  6.001 86.5- 92.51 6- 871 86.5- 69.51 

I I I I I I I - 1 89.5- 92.51 
6C2 1 6?-C5 1 7- 3-85 1 5 1 2.0 1 2.001 92.5- 94.51 6- 931 92.5 94.51 
GC21 63-AS1 7- 3-851 6 1 n.01 3.501 94.5- 98.51 6- 951 94.5- 96.51 

I 1 I I I I 1 6- 971 96.5- 98.51 
4C 123-851 7 -8 -85 !  1 15.01 5.001 60.0- 65.01 d- 601 60.0- 65.01 
4C 123-851 7-R-851 2 13.21 2.401 65.0- 68.21 4- 651 65.0- 68.01 
4.C 123-851 7-9-1351 3 14.01 n.001 68.0- 72.01 4- 681 68.0- 72.01 
5C 130-851 7-9-851 1 15,Ol 3.001 35.0- 40.01 5- 361 35.5- 38.01 
5C 130-851 7-9-851 2 15,Ol  5.001 40.0- 45.01 5- 401 41.0- 45.01 
5C 1 30-851 7- 9-851 3 1 5.01 C.301 45.0- 50.01 5- 461 45.5- 50.01 
5C 1 30-851 7- 9-851 4 1 8.01 7.201100.0-108.01 5-1001100.0-106.01 
5C 130-851 7- 9-851 5 14.01 3.701108.0-112-01 5-1081106.0-112.01 
SC 1 30-851 7- 9-651 6 1 8.01 5.001130.0-138.01 5-1301130.0-138.01 
7C 134-851 7-9-851 1 1  7.01 5.001 23.0- 30.01 7- 231 24.0- 28.01 
7C I 31?-P5I 7- 9-05! 2 I 6-01 6.001 31.0- 37.01 7- 321 31.0- 35.01 
7C 1 34-fl51 7-10-85 1 3 1 7.5 1 4.001 80.0- 87.51 7- 801 80.0- 84.01 
7C 134-951 7-10-651 4 110.01 7.001 95.0-105.01 7 - 9 5 1  95.0-102.01 
OC 1 21-851 7-10-851 1 110.01 3.501 15.0- 25.01 8- 151 15.0- 25.01 
8C I 21-851 7-10-851 2 1 3.01 2.801 70.0- 73.01 8- 701 70.0- 73.01 
BC 121-851 7-10-851 3 13 .01  2.501 73.0- 76.01 8- 751 73.0- 76.01 
8C 121-851 7-10-851 4 19.51 3.001 75.0- 84.51 - 1 75.0- 78.01 
8C 1 21-851 7-11-85 I 5 I 7.0 I 6.001 90.0- 97-01 8- 901 90.0- 92.51 
8C 121-851 7-11-851 6 18.51 6.501115.0-123.5 I 1115.0-121.51 
9C I 17-85 I 7-11-05 I 1 110.0 I 2.801 37.5- 47-51 9- 381 37.5- 47.51 
9C 1 17-851 7-11-851 2 110.01 4.50113fl.O-140.01 9-1301136.0-1AO.01 
9C I 17-85 I 7-11-85 1 3 110.0 1 2.501 37.5- 40.51 9- 401 37.5- 40.01 - I I I 1- I I I I I 
10 229.5 157.80 

Poles Feet Feet 

ROTARY. 
(feet) 

919.0 
Feet 



* FRN 

HEAT I N O  
SAMPLE HOISTURE V O L A T I L E  FIXED ASH VALUE TOTAL 
NUMBERS B A S l S *  X MfiTTER,% CAR,BDN,X X B T U / L B  SULFUR 

*1-AS RECEIVED ** 
2-MOISTURE FREE 
3-MOISTURE AND CISH FREE 

A L L  SCIMPLES CONTAIN  A S IG I \ I I F ICANT  AMOUNT OF SURFACE 
MOISTURE. TRUE EED MOISTURE I S  EXPECTED TO B E  L E S S  
THAN T H I S  VALUE. E O U I L I B R I U M  PlOISTURES HAVE PEEN DONE 
FOR A FEW SAMPLES TO I N D I C A T E  THE EXTENT O F  MOISTURE 
CONTAPIINATION I N  THE SAMPLES. 



* FRN 

H E A l  I NO 
SA;?FTh: MOISTURE V O L A T I L E  FIXED ASH VALUE TOTAL 
IdUtlBERm BAS I S* X HATTER,% CARBON*% X D T U / L B  SULFUR 

r l - A S  RECEIVED ** 
2-MOISTURE FREE 
3-MOISTURE AND ASH F R E E  
a4 A L L  SAMFLES COIJTA I N A S I GI4 I F  I CANT AMOUNT OF SURFACE 

MOISTURE. TRUE BED R O I S T U R E  I S  EXPECTED TO BE LESS 
THAN T H I S  VALUE. E O U I L I B R I U M  PlOISTURES HAVE PEEN DONE 
FOR A FEW SAMFLES TO I N D I C A T E  THE EXTENT OF MOISTURE 
CONTARINATIOtJ I N  T H E  SAMPLES. 



I I E A I  I NO 
SAMPLE NOISTURE VOLAT ILK F I X E D  F\SH VALUE TOTAL 
NUMBER. R A G I B e  X tlATTER,% CARBON,% X BTU/LB  SULFUR 

7-32 1 42 .48  2 5 . 6 0  2 9 . 1 4  2.78 6 7 4 1 .  0 . 6 4  
2 4 4 . 5 1  50.66 4.83  11719 .  1.12 
3 4 6 . 7 7  ad. 25 12315. 1 . 1 7  ..- 

r l - A S  R E C E I V E D  ** 
2-NO 1 STURE F REE 
3 -MOISTURE AND ASH FREE 
* * A L L  SAMPLES CONTAIN  A S I G I J I F I C A N T  aMOUI4T OF SURFACE 

NOISTURE.  TRUE BED MOISTURE I S  EXPECTED TO BE L E S S  
THAN T H I S  VALUE. EOU I L I BR I UM MOI  STURES HAVE BEEN DONE 
FOR A FEW SAMPLES TO I t dD ICATE THE EXTENT OF MOISTURE 
CONTAMINAT ION I N  THE SAMPLES. 



I ctl4T 1lJG 
SAPPLE b i 0 1 5 7 U k E  V O L A T l L E  FIXED ASH VALUE TO? CU, 
NUMBER. BAS IS* X M A 7 1  ER, X CARBON, X X BTUILB SUFUR 

* I -AS R E C E I V E D  e r  
2-Pi0 I STURE FREE 
3-MOISTURE AND ASH F R E E  
* *ALL SAMPLES C O N T A I N  A S I G I J I F l C A I 4 T  AMOUNT OF SURFACE 

MOISTUKE. TRUE BED M O I S T U R E  I S  EXPECTED TO BE L E S S  
THAN T H I S  VALUE. E O U I L I B R I U M  PIOISTURES HAVE 6 E E N  DONE 
FOR A FEW SAMPLES TO INDICATE THE EXTENT OF M O I S T U R E  
CONTAMINATION I N  THE SAPIF'LES. 



* FRN 

IiEAT 1 NG 
SCIPIFLE MOISTURE VOLATILE FIXED ASH VALUE TOTAL 
rJUMnER8 BAS IS. x MATTER,L CARBON9% X BTU/LB SULFUR 

*l-FuS RECEIVED HOISTURE 
2 - E Q U I L I R R I U M  BED MOISTURE 
3-MOISTURE FREE 
4-PlOISTURE At40 ASH F R E E  



APPENDIX D 

Volume C a l c u l a t i o n s  f o r  an  Open P i t  
Mine a t  Chicago Creek 



APPENDIX D 

Stripping Calculation Worksheet 

TW - True Width 
DD Dip Depth 
L Length 

Loess (OBI: 560' (W) X 15' (D) X 840 (L) = 7,056,000 F T ~  5 27 - 
261,333 Y D ~  

Access Ramp *: 3 0  YD 

Rock: (135 X 260) + (260 X 265) X 800' = 41,600,000 F T ~  
2 2 

i 27 = 1,540,740 Y D ~  

Total Strip: Loeee (261,333) + Access (30,000) + Rock (1,540,740 = 
1,832,073 Y D ~  

Ratio: 1,832,073 / 400,000 = 4,6:1 

* 0 Accesr, ramp, excavation requirements are all included here 
although it paeeee through IB and IIA as well. 

Loees (OBI: 560 (w) X 15' (D) X 700 (L) = 5,880,000 F T ~  + 27 - 
217,778 yD3 

Rock: (135 X 260) + (260 X 265) X 700' = 36,400,000 P T ~  
2 2 + 27 = 1,348,148 Y D ~  

Total Strip: Loess (217,778) + Rock (1,348,148) = 
1,56 5,926 Y D ~  

Ratio: 1,565,926 / 910,364 = 1.72:l 



IIA - 
L o e e e  ( O B I  r 

Rock: 

T o t a l  S t r i p :  

R a t i o :  

IIB - 

L o e s s  ( O B I :  

Rock:  

T o t a l  S t r i p :  

R a t i o :  

I11 - 

L o e s s  ( O B I :  

Rock: 

T o t a l  S t r i p :  

R a t i o :  

Loeee  ( 3 0 6 , 9 4 4 )  + Rock ( 6 8 6 , 1 1 1 )  = 
9 9 3 , 0 5 5  YD3 

Loeee  ( 2 1 6 , 2 9 6 )  + Rock ( 4 6 2 , 6 7 1 )  = 
6 7 8 , 9 6 7  yD3 

L o e s s  ( 2 4 8 , 8 8 8 )  + Rock ( 5 3 2 , 3 7 3 )  = 
7 8 1 , 2 6 1  Y D ~  



APPENDIX E 

Remanufactured Power Plants 
(~aemer/~ockware ~etter) 



ERIC J. HAEMER, P.E. 
CONSULTING ENGINEERING SERVICES 

12800 HUFFMAN CIRCLE 
ANCHORAGE, ALASKA 99516 

(907) 345-6201 
- 

December 1, 1985 

Hawley Resource Group, Inc. 
7011 Old Seward Highway 
Anchorage, Alaska 99502 

Attention: Rob Rutherford 

Subject: Kotzebue Power Plant Application 

Dear Rob, 

~egarding our discussions of November 14, 1985, I transmitted the 
necessary data to Rockware International and requested that they 
develop some budject pricing specifically for the above referenced 
application. Attached is their response which I have reviewed in 
detail. Based upon my Alaska experience I concur with their 
estimate of installed costs for the plant. I feel the range is 
sufficiently broad to cover the wage differential for Alaskan 
labor at a remote site installation, The estimated costs would 
also cover all reasonable site development work, but, of course 
would not cover any extraordinary site conditions which would have 
to be priced separately. 

Also, please find attached a representative equipment inventory 
which includes a variety of additional equipment sizes. Based 
upon the final criteria developed for the plant an equipment 
selection more closely meeting the load requirements may be 
possible. Rockware International would be pleased to make a 
formal quotation once the specific criteria is developed for the 
application, a site is selected and representative fuel samples 
are available for testing. 

I believe that the letter satisfactorily details the advantages of 
remanufactured equipment. Based upon the cost, delivery and 
installation schedules, warranty and the variety of selection of 
components the rate of return on investment and payback periods is 
almost always superior to new equipment purchases, In addition, 
the equipment sizing generally required by many Alaskan 
applications is simply unavailable from today's manufacturers due 
to the economy of scale which has been generally adopted by the 
U.S. utility industry. 



- 
If you require any additional information or clarification on any 
of the above material, please contact me. 

- . - 2 - -  

Very truly yours, 

Eric J: Haemer 
Professional Engineer 

Enclosure 

cc: William Ware, Jr. 
Robert Goldberg 



8408 0 SOUTH EASTERN AVENUE P.O. BOX 96833 OKLAHOMA CITY, OKLAHOMA 73143 (406) 670-6686 

November 21, 1985 

Hr. Eric J. Haemer, P.E, 
12800 Huffman Circle 
Anchorage, Alaska 99516 

Dear Mr. Haemer: 

Rockware International welcomee the opportunity to provide complete turnkey 
power plants and related equipment on a remanufactured and guaranteed baeis to 
the State of Alaeka. 

To give you additional background on our organization, Rockware specializes in 
the remanufacturing and construction of foesil fuel and biomaee power plante 
utilizing existing equipment located throughout the United States, Canada and 
Europe, As you will see from the enclosed inventory printout, we have a large 
eelec tion of condensing and non-condensing turbine generators from 300 to 
100,000 KW, diesel and dual fuel generators to 6,000 KW, natural gas turbine 
generators to 30,000 KW, and boilers from 250 HP to 700,000 PPB with eteam 
preeeuree ranging to 1500 PSIG. 

Unlike used equipment dealers, we prefer to deliver our equipment on a 
remanufactured basis, rather than "as is". All remanufactured items are 
completely disassembled, each piece inspected, rebuilt or replaced, and 
upgraded with new technology before the unit is reaeeembled. All of our work 
is in full compliance with A.S.M.E. Boiler and Preeeure Vessel Code. For your 
general information, Rockware holds the following A.S.M.E. Certifications: 

S - Manufacture of New Steam Boilers 
A - Assembly of Field Erect and Package Boilers, No Size Limit 
U - Manufacture of Unfired Pressure Vessels 
PP - Manufacture of Pressure Piping 

We also hold the National Board R Stamp for Repairs, 

A11 of our remanufactured items have new equipment type warranties, comparable 
to Weetinghouse, General Electric and othere. The length of the warranty 
varies with each type of equipment supplied. Major components typically have a 
one year guarantee for any defects in materials or workmanship. 



November 21, 1985 
nr. Eric J. Haemer 
Page 2 

Whenever posrible, Rockware purchases generating plants a6 a complete syrtem to 
minimize re-engineering expenre, and reduce the overall turnkey price of the 
pover plant to the purchaser. As an example, we recently purchased a 7500 KW 
municipal power plant in the central United States for relocation. Nearly all 
of the facility can be reutilized, including the fully insulated metal 
building, stack and structural eteel. Additional major components include: 

1 - C.E. 7500 KW, 3600 RF'M, 600 PSI @ 82S°F, Condensing Turbine Generator. r s  

1 - Allis Chalmere 9,000 Sq. Ft. 2 Pase Condenser. 

1 - Babcock Wilcox, 100,000 #/Hr Type FT1-21-15/12LH-48 Boiler. 650 PSIG @ 
835'P natural gas with number 2 oil standby. Convertable to pulverized 
coal. 

1 - Bturtevant 50 HP Forced Draft Fan. 
1 - Sturtevant 100 HP Induced Draft Fan. 
2 - Byron Jackson 200 HP, 8 Stage Boiler Feed Pumps. 
1 - Davis "Paracoil" Evaporator. 
1 - Hoppes 120,000 #/Hr Feedwater Heater. 
1 - Harley Cooling Tower, Hodel 2024A5, 2 cell double flow. 
2 - Peetleer 100 El? Circulative Water Pumps. 
2 - Allis Chalmers Condeneate Pumps. 

In addition to the equipment itself, the original performance specificatione, 
blueprints, operating manuals and supplier literature are used to re-engineer 
the plant to meet the specifications of the new application. 

A pulverized coal fired, 7500 KW municipal power plant of this type has a 
replacement value of approximately $1500 to $2000 per KW installed in the 
central United Stater. Rockware International can provide a comparable 
facility on a turnkey basis, remanufactured and guaranteed, at an approximate 
price of $975 to $1300 per KW, depending upon local site conditions and labor 
rates. Suitable pollution control equipment would be included. Rockware has 
other fossil fuel fired pover plants available on a similar basis up to a total 
plant capacity of 350,000 KW. 



November- 21, 1985 
Mr. Eric J. Uenrer 
Page 3 

In effect, Bockware can save the purchaser 30 to 40 percent by utilizing 
remanufactured components, yet still provide warranties comparable to the 
original manufacturerr. Frequently, we can also have our boilers, generator8 
and related pollution control equipment eyetems installed and in full operation 
in less than half the time of new equipment. This provide8 a highly favorable 
rate of return on investment and payback period that cannot be matched by nev 
equipment eupplierr. 

We look forward to taking an active role in the expansion of Alaeka'e municipal ' L 

and industrial power generating capacity. 

Sincerely, 

ROCKWARE INTERNATIONAL CORPORATION 

Sales Manager 

Encloeure 



BOCKUARE 1NTEENATIOHAL CORPOBATIO# 
OKLAUOHA CITY, OKLAHOMA 

MAJOR COt lPONElrS  INVE#TORT 
November, 1985 

BOILERS 

FIELD ERECTED - 
630,000 PPa, 1500 P S I / ~ O O O ~  F, RILEY, PULVERIZED COAL 
450,000 PPR, 775 ~ ~ 1 / 7 7 5 '  F, B 6 W, PULVERIZED COAL 
400,000 PPR, 1500 ~ ~ 1 / 9 5 5 ~  F, B & W, PULVERIZED COAL (2 AVAIL) 
350,000 PPH, 920 ~~1/905' F, C.E., PULVERIZED COAL/GAS/OIL 
300,000 PPH, 1000 ~ ~ 1 / 9 0 0 ~  F, B 6 W, GAS/OIL 
300,000 PPH, 750 PSI/~SO' F, B & W, 2 DRUM DRY BOTTOM TYPE, CO FLU GAS/ 
CAS/OIL 
300,000 PPH, 725 ~ ~ 1 / 6 5 0 '  F, VOGT, PULVERIZED COAL/CAS/OIL 
300,000 PPH, 650 ~ ~ 1 / 8 3 5 O  F, FOSTER WHEELER, PULVERIZED COAL (4 AVAIL) 
290,000 PPH, 1500 P S I / ~ ~ O ~  F, B b W, PULVERIZED COALICAS 
250,000 PPH, 477 ps1/57S0 F, RILEY, STOKER COAL/WOOD 
210,000 PPH, 1100 P S I / ~ O O ~  F, RILEY, PULVERIZED COAL/OIL 
207,000 PPH, 1050 P S I / ~ O O ~  F, RILEY, GAS/OIL 
200,000 PPH, 1000 P S I / ~ O O ~  F, B 6 W ,  GAS/OIL ( 3  AVAIL) 
200,000 PPH, 850 P S I / ~ O O ~  F, B 6 W ,  GAS/OIL 
200,000 PPH, 710 P S I / ~ ~ O O  F, RILEY, PULVERIZED COALIOIL 
200,000 PPH, 425 PSI, RILEY, STOKER COAL/WOOD 
200,000 PPH, 400 PSI SATURATED, RILEY, STOKER COAL/WOOD 
200,000 PPH, 280 PSI SATURATED, RILEY, STOKER COAL/WOOD 
190,000 PPH, 725 ps1/750° F, B 6 W, STOKER TYPE, MUNICIPAL WASTE/OIL 
165,000 PPH, 865 ~ ~ 1 / 8 3 5 '  F, DELTAK, WASTE HEATIN. GAS 
150,000 PPB, 725 ~ ~ 1 1 8 2 5 ~  F, C.E., PULVERIZED COAL/OIL (4 AVAIL) 
150,000 PPB, 675 ~ ~ 1 / 8 2 5 ~  F, C.E., PULVERIZED COAL/ GAS/OIL 
150,000 PPH, 675 PSI SATURATED, SPRINGFIELD, STOKER COAL/WOOD 
130,000 PPH, 700 ~ ~ 1 / 8 2 5 O  F, RILEY, STOKER COAL/WOOD 
125,000 PPH, 475 ps1/72s0 F, WICKES, STOKER COAL/WOOD 
125,000 PPH, 4 7 5  ~ ~ 1 / 7 2 5 ~  F, B 6 W ,  STOKER COAL/WOOD 
120,000 PPH, 1275 P S I / ~ O O ~  F, AHERLCAN SCHACK, BLAST FURNACE GAS 
( 2  AVAIL) 
100,000 PPH, 705 P S I / ~ O O ~  F, ECONOTHERM, WASTE HEAT 
100,000 PPE, 700 P S I / ~ O O ~  F, B 6 W, PULVERIZED COAL/ GAS/OIL 
100,000 PPH, 700 ps1/750° F, C.E., PULVERIZED COAL 
95,000 PPB, 675 ps1/750° F, B 6 W, GAS/OIL 
80,000 PPH, 600 ~ ~ 1 / 8 2 0 ~  F, UNION I R O N  WORKS, GAS 
70,000 PPH, 700 ~~11825' F, RILEY, STOKER COAL/WOOD (2 AVAIL) 
60,000 PPK, 475 PSI/~SO' F, B & W ,  PULVERIZED COAL/GAS/OIL 
35,000 PPH, 450 PSL, ERIE CITY, STOKER COAL/WOOD ( 2  AVAIL) 

PACKAGE 

200,000 PPR, 650 ps1/72S0 F, C.E., GAS/OIL 
167,000 PPE, 775 ~ ~ 1 / 7 3 0 ~  F, RILEY, GAS (5 AVAIL) 



150,000 P P E ,  900 PSI/825° F, C.E., CAS/OIL 
125,000 PPB, 750 pS1/750° F, C.E., GAS/OIL (2 AVAIL) 
115,000 PPB, 700 PSI/75O0 F, ERIE CITY, GAS/OIL 
100,000 PPH,  6-75 PSI SUPERHEAT, RILEY UNION, CAS/OIL (2 AVAIL) 
,100,000 PPB, 300 ~ S 1 / 5 0 0 ~  F, B & W, cAS/OIL (2 AVAIL) 
100,000 PPB, 250 PSI SATURATED, RILEY, GAS/OIL (2 AVAIL) 
75,000 P P B ,  350 PSI/500° F, C.E., OIL 
60,500 PPE, 750 P S X / ~ S O ~  F, WICKES, GAS/OIL 
60,000 PPH, 680 PSI/700eF, B&W, GAS/OIL (2 AVAIL) 
60,000 PPH, 250 PSI/DLS, C.E., CAS/OIL 
55,000 PPH, 675 P S I / ~ S O ~  F, WICKES, GAS/OIL 
55,000 PPH, 260 PSI SATURATED, CLEAVER BROOKS, OIL 
40,000 PPH, 690 P S I / ~ ~ O O  F, HURRAY, GAS 
25,000 PPH, 150 PSI/D&S, MURRAY TRANE, GASIOIL 
20,000 PPH, 200 PSI SATURATED, ERIE CITY, GAS/OIL 
12,500 PPH, 200 PSI SATURATED, ERIE CITY, GAS/OIL 
250 HP, 150 PSI SATURATED, CLEAVER BROOKS, GASJOIL, NEW 1977 

POLLUTION CONTROL SYSTEMS 

87,000 A C F M I P ~ O O  F s  WHEELABRATOR-FRYE, 4 MODULE BAGHOUSE AND SO2 REMOVAL 914 
SYSTEM FOR 2 PERCENT SULPHUR COAL 

CORLISS ENGINE 

1,000 KW CORLISS, 125 PSI/D&S, 5 PSI EXHAUST 

GENERATORS, ENGINE DRIVEN 

5,885 KW ELLIOTT/NORDBERG, DIESEL, 189 RPM, 4160 VOLTS 910 
3,200 KW ELLIOTT/NORDBERG, DIESEL, 225 RPH, 4160 VOLTS 910 
2,875 KW ELLIOTT/NORDBERG, DIESEL, 225 RPH, 4160 VOLTS 910 
2,250 KW ELLZOTT/WORTIINNTON, DIESEL, 450 RPM, 2400/4160 VOLTS 909 
2,250 KW E.M./WORTHINGTON, DIESEL, 514 RPM, 2400/4160 VOLTS 907 
1,750 KW ELLIOTT/NORDBERC, NATURAL GAS, 277 RPM, 2400 VOLTS 909 
1,365 KW FAIRBANKS MORSE, DUAL FUEL, 720 RPH, 2400/4160 VOLTS (2 AVAIL) 912 
1,250 KW WESTINGHOUSE/WORTHINGTON, DIESEL, 360 RPH, 2400/4160 VOLTS 9 0 7 
1,245 KW ELLIOTT/WORTHINGTON, DIESEL, 360 RPH, 2400 VOLTS 906 
1,160 KW ELLIOTT/WORTHINGTON, DIESEL, 360 RPM, 2400/4160 VOLTS 906 
1,125 KW ELLIOTT/WORTHINGTON, DIESEL, 360 RPM, 2400 VOLTS 907 
1,125 KW FAIRBANKS MORSE, DIESEL, 300 RPM, 2400 VOLTS 104 
1,088 KW C.E./WORTHINGTON, DIESEL, 360 RPH, 2400 VOLTS 907 
900 KW FAIRBANKS MORSE, DUAL FUEL, 720 RPM, 2400/4160 VOLTS 9 1 2  
750 KW WESTINGHOUSE/GH, DIESEL, 720 RPH, 240014160 VOLTS 906 
750 KW M 6 S/G.E., DIESEL, 240 RPM, 4160 VOLTS 910 
732 KW G.E./WORTHINGTON, DIESEL, 360 RPM, 2400 VOLTS 906 
600 KW G.E./WORTHINGTON, DIESEL, 360 RPM, 2400 VOLTS 906 
400 KW FAIRBANKS MORSE, DIESEL, 400 RPM, 2400 VOLTS 106 
250 KW FAIRBANKS NORSE, DIESEL, 257 RPH, 2300 VOLTS 104 



GENRBATORS, - G A S  TURBINE DRIVEN 

3 1 , 0 0 0  KW WESZINGHOUSE, W-251-G, GAs/OIL, 3 / 6 0 / 1 3 , 8 0 0  VOLTS WITH WASTE 9041 
HEAT* BOILER 
3 0 , 0 0 0  KW WESTINCHOUSE, W-301-G, GAS/OIL, 3 / 6 0 / 1 3 , 8 0 0  VOLTS 901(  
1 7 , 5 0 0  KW PBATT 6 WHITNEY GC4-7, N. GAS, 3 / 6 0 / 1 3 , 8 0 0  VOLTS ( 3  AVAIL) 9091 
1 6 , 5 0 0  YW WESTINGHOUSE, 1 9 2 ,  GAS/OIL, 3 / 6 0 / 1 3 , 8 0 0  VOLTS 9011 
1 6 , 3 0 0  KW WESTINGHOUSE, W-191-Ca GAS/OIL, 3 / 6 0 / 1 3 , 8 0 0  VOLTS 911: 
1 6 , 2 0 0  KW C.E., GASIOIL, 3 / 6 0 / 1 1 5 0 0  VOLTS ( 3  A V A I L )  9 1 1 '  
1 6 , 0 0 0  KW C.E., FRAME 7 ,  3 / 6 0 / 1 2 , 5 0 0  VOLTS ( 2  AVAIL) 908 ;  
1 5 , 0 0 0  KW WESTINGHOUSE, W-191-G, CAS/OIL, 3 / 6 0 / 1 3 , 8 0 0  VOLTS 9011 
1 0 , 0 0 0  KW C.E. ,  5 0 0 1 E ,  GAS/OIL, 3 1 6 0 / 1 2 , 5 0 0  VOLTS 901: 
8 , 0 0 0  KW C.E., FRAME 3 ,  GAS, 3 / 6 0 / 4 1 6 0  VOLTS 9141 

STEAX TURBINE DRIVEN GENERATORS 
'L 

CONDENSING 

8 5 , 0 0 0  KW G . E . ,  1 5 0 0  P S I / ~ O O O ~  F ,  1 3 , 8 0 0  VOLTS 
5 0 , 0 0 0  KW G . E . ,  850  P S L / 9 0 0 °  F ,  1 3 , 0 0 0  VOLTS 
4 0 , 0 0 0  KW WESTINGHOUSE, 8 5 0  P S I / ~ O O ~  F, 1 3 , 8 0 0  VOLTS 
3 5 , 0 0 0  KW G.E., 235  P S I / ~ S O O  F ,  1 2 , 5 0 0  VOLTS 
3 0 , 0 0 0  KW G . E . ,  8 5 0  P S I / ~ O O ~  F ,  1 3 , 8 0 0  VOLTS 
3 0 , 0 0 0  KW G . E . ,  8 5 0  ~ ~ 1 / 9 0 0 ~  F ,  1 3 , 8 0 0  VOLTS 
2 8 , 0 0 0  KW G . E . ,  225  ~ ~ 1 / 7 0 0 ~  F ,  1 2 , 4 7 0  VOLTS 
2 5 , 0 0 0  KW BROWN BOVERI, 6 5 0  ~ ~ 1 / 8 3 5 '  F,  1 1 , 5 0 0  VOLTS 
2 5 , 0 0 0  KW ALLIS CHALMERS, 6 5 0  ~ ~ 1 / 8 2 5 '  F ,  1 3 , 8 0 0  VOLTS ( 2  AVAIL) 
2 5 , 0 0 0  KW G . E . ,  600  ~ ~ 1 / 8 2 5 O  F ,  1 3 , 8 0 0  VOLTS 
2 0 , 0 0 0  KW C . E . ,  8 5 0  P S I / ~ O O ~  F ,  1 3 , 8 0 0  VOLTS 
2 0 , 0 0 0  KW WESTINGHOUSE 8 5 0  ~ ~ 1 1 9 0 0 ~  F ,  1 3 , 8 0 0  VOLTS 
2 0 , 0 0 0  KW G . E . ,  450  ~ ~ 1 / 7 5 0 ~  F ,  1 3 , 8 0 0  VOLTS 
1 5 , 0 0 0  KW G . E . ,  4 5 0  p S 1 / 7 5 0 °  F ,  1 2 , 4 7 0  VOLTS 
1 5 , 0 0 0  KW G . E . ,  2 2 5  ~ ~ 1 / 7 0 0 ~  F ,  1 2 , 4 7 0  VOLTS 
1 1 , 5 0 0  KW G . E . ,  600  ~ ~ 1 / 8 2 5 ~  F ,  1 3 , 8 0 0  VOLTS 
1 0 , 0 0 0  KW G . E . ,  600  ~ ~ 1 / 8 2 5 '  F ,  1 3 , 8 0 0  VOLTS 
1 0 , 0 0 0  KW WESTINGHOUSE, 4 0 0  ~ ~ 1 / 7 5 0 '  F, 1 4 , 4 0 0  VOLTS 
1 0 , 0 0 0  KW WESTINGHOUSE, 4 0 0  P s 1 / 7 5 0 °  F, 4 1 6 0  VOLTS 
1 0 , 0 0 0  KW ELLIOT, 3 7 5  PSX/72S0 F ,  1 3 , 8 0 0  VOLTS 
7 , 5 0 0  KW G.E. 600 P S I / ~ ~ S '  F ,  7 2 0 0 1 1 2 , 4 7 0  VOLTS 
7 , 5 0 0  KW G.E., 600 P S X / ~ ~ S ~  F ,  240014160  VOLTS 
7 , 5 0 0  KW ALLIS CHALMERS, 6 0 0  P S I ,  1 3 , 8 0 0  VOLTS 
7 , 5 0 0  KW WESTINGHOUSE, 4 0 0 / 2 5 0  P S I ,  2400 VOLTS 
6 , 0 0 0  KW ELLIOT, 3 7 5  P s 1 / 7 2 S 0  F ,  1 3 , 8 0 0  VOLTS 
5 , 5 0 0  KW C . E . ,  1 2 5  P s I / 3 7 1 °  F ,  2400 VOLTS 
5 , 0 0 0  KW DELAVAL, 6 0 0  ~ ~ 1 1 8 1 5 ~  F ,  6600 VOLTS 
5 , 0 0 0  KW ALLIS CHALHERS 4 5 0  P S I ,  2 4 0 0 / 4 1 6 0  VOLTS 
5 , 0 0 0  KW G.E.  1 5 0 / 2 0 0  P S I / D 6 S ,  1 3 , 8 0 0  VOLTS 
4 , 0 0 0  KW G.E . ,  600 ~ ~ 1 / 8 2 5 '  F,  1 3 , 8 0 0  VOLTS ( 2  AVAIL) 
3 , 5 0 0  KW BROWN B O V E R I ,  1 5 0  P S I I D h S ,  2  PHASE, 2 3 0 0  VOLTS 
2 , 5 0 0  KW ALLXS CHALMERS, 1 2 5  p s 1 / 3 7 1 °  F ,  2 3 0 0  VOLTS 
1 , 5 0 0  KW G . E . ,  400 P S I / ~ O O ~  F ,  4160  VOLTS 
1 , 5 0 0  KW WESTINGHOUSE, 3 0 0  ~ ~ 1 / 7 2 5 O  F, 2 4 0 0 / 4 1 6 0  VOLTS 
1 , 0 0 0  KW ALLlS CHALHERS, 1 5 0  ~ ~ 1 / 3 7 0 '  F ,  2300 VOLTS 



CONDENSING DOUBLE AUTO EXTRACTION - 
7500 KW G.E.,-600 PSI/750° F, 170160 PSI EXTRACTION, 2400/4160 VOLTS 91 
5 0 0 0  K W  G.E., 600 ~ ~ 1 / 8 2 5 '  F, 205155 PSI EXTRACTION, 240014160 VOLTS 9 1 
1,000 KW WESTINGHOUSE, 150 PSI, S O / S  PSI EXTRACTION,24OO VOLTS (2 AVAIL) 10 

CONDENSING HIXED PRESSURE 

1,000 KW WESTINGHOUSE, 150/10 PSI, 5 PSI EXTRACTION, 2400 VOLTS 

CONDENSING SINGLE EXTRACTION 

25,000 KW G.E., 850 PSI/82S0 F, 6 0  PSI EXTRACTION, 13,800 VOLTS 96 
17,500 KW WORTHINGTON, 850 ~ ~ 1 1 8 2 5 ~  F, 11-25 PSI UNCONTROLLED EXT, 90 
13,800 VOLTS ( 2  AVAIL) 
15,000 KW WESTINGHOUSE, 850 ~ ~ 1 / 7 5 0 ~  F, 140 PSI EXTRACTION, 13,800 VOLTS 91 
7,500 KW G.E., 410 ~ ~ 1 / 6 5 0 ~  F, 6 0  PSI EXTRACTION, 2400 VOLTS 90 
5,000 KW G.E., 400 ~ ~ 1 1 6 5 0 ~  F, 9 0  PSI EXTRACTION, 2400/4160 VOLTS 9 1 
2,500 KW G.E., 450 P S I / ~ O O ~  F, 50 PSI EXTRACTION, 4 8 0  VOLTS 90 
2,500 KW G.E., 400 P S I / ~ O ~ ~  F, 130 PSI EXTRACTION, 2400/4160 VOLTS 90 
2,500 KW WESTINGHOUSE, 300 ~ ~ 1 1 7 5 0 ~  F, 15 PSI EXTRACTION, 2400/4160 90 
VOLTS 
1,500 KW G.E., 400 ~ ~ 1 1 7 0 0 ~  F, 9 0  PSI EXTRACTION, 230014160 VOLTS 9 1 
1,000 KW WORTHINGTON, 200 ~ ~ 1 / 5 2 8 O  F, 5 PSI EXTRACTION 10 

NON-CONDENSING 

20,000 KW WESTINGHOUSE, 4 8 0  ~ ~ 1 1 8 5 0 ~  F, 1601185 PSI EXHAUST, 13,800 90 
VOLTS 
15,000 KW WESTINGHOUSE, 1250 PS1/900° F, 400 PSI EXHAUST, 13,800 VOLTS 91 
12,500 KW WESTINCXOUSE, 170 ~ ~ 1 / 3 7 5 O  F (WET STEAM), 20134 P S I  EXHAUST 9 1 
13,800 VOLTS (UNUSED) 
10,000 KW C.E., 1250 ~ ~ 1 1 9 5 0 ~  F, 285 PSI EXHAUST, 13,800 VOLTS 9 1 
10,000 KW G.E., 1250 P ~ 1 / 7 5 0 ~  F, 235 PSI EXHAUST, 11,000 VOLTS 91d 
10,000 KW G.E., 1250 ~ ~ 1 / 7 5 0 O  F, 180 PSI EXHAUST, 11,000 VOLTS 91+ 
10,000 KW WESTINGHOUSE, 840 Ps1/82s0 F, 150/185 PSI EXHAUST, 13,800 90 
VOLTS 
7,500 KW G.E., 850 ~ ~ 1 1 8 5 0 ~  F s  110 PSI EXHAUST, 240014160 VOLTS (3 AVAIL)91. 
6,000 KW ALLIS CHALMERS, 900 Ps1/820° F, 210 PSI EXHAUST, 4 1 6 0  VOLTS 9 0: 
6,000 KW WESTINGHOUSE, 650 ps1/75o0 F, 15-25 PSI EXHAUST, 11,000 VOLTS 90. 
3,000 KW TERRY/G.E., 700 ~ ~ 1 1 7 0 0 ~  F, 6 0  PSI EXHAUST, 4 1 6 0  VOLTS 901 
2,500 KW G.E., 450 ~ ~ 1 1 7 5 0 ~  F, 50 PSI EXHAUST, 4 8 0  VOLTS 9 0 1 
1,500 KW G.E., 400 ~ ~ 1 / 6 2 5 '  F, 4 0  PSI EXHAUST, 2400/4160 VOLTS 9 1 :  
1,500 KW WESTINGHOUSE, 225 ~ ~ 1 / 5 8 0 ~  F, 18 PSI EXHAUST, 2400 VOLTS 90: 
1,500 KW G.E., 200 PSI/DLS, 10 PSI EXHAUST, 480 VOLTS 9 0. 
1,500 KW G.E., 150 PSI, 15 PSI EXHAUST, 480 VOLTS 9 01 
1,250 KW ALLIS CHALMERS, 175 PSI/DLS, 18 PSI EXHAUST, 4 8 0  VOLTS 90: 
750 KW G.E., 410 P S I / ~ O O ~  F, 150 PSI EXHAUST, 4 8 0  VOLTS 10: 
750 KW TERRY, 150 PSI, 5 PSI EXHAUST, 2300 VOLTS 9 1~ 
300 KW TERRY, 200 P S I / S O O ~  F, 2 0  PSI EXHAUST, 480 VOLTS 10: 



NON-CONDENSING SINGLE EXTRACTION 

40,000 KW CaE-, 1250 ~ ~ 1 1 9 2 5 ~  F, 475 PSI EXTRACTION, 13,800 VOLTS 908 
40,000 KW C.E., lZSO P S I / ~ O O ~  F, 165 PSI EXTRACTION, 20 PSI EXHAUST, 910 
13,800 VOLTS 
25,000 KW WESTINCBOUSK, 1250 P S I / ~ ~ O ~  F, 350 PSI EXTRACTION, 180 PSI 914 
EXBAUST, 11,000 VOLTS 
10,000 KW C . E . ,  400 P S I / ~ O O ~  F, 140 PSI EXTRACTION, 6 0  PSI 903 
EXHAUST, 13,800 VOLTS 
7,500 RW C.E., 435 P S I / ~ ~ O ~  F, 100 PSI EXTRACTION, 15 PSI EXHAUST, 2300 102 
VOLTS 
7,500 KW C.E., 410 P S I I ~ ~ O O  F, 250 PSI EXTRACTION, 45/60 PSI EXHAUST, 903 
2400 VOLTS 
5,000 KW WESTINGHOUSE, 825 ps1/750° F, 400 PSI EXTRACTION, 140 PSI 9 15 
EXHAUST, 2300 VOLTS 
5,000 KW WESTINGHOUSE, 725 P S I / ~ S O O  F, 225 PSI EXTRACTION, 15 PSI 903 
EXHAUST, 13,800 VOLTS 
5,000 KW C.E., 400 P ~ I / 6 5 0 ~  F, 150 PSI EXTRACTION, 60 PSI EXHAUST, 903 
2400 VOLTS 
3,500 KW C.E., 400 ~ ~ 1 / 5 4 5 ~  F, 50 PSI EXTRACTION, S PSI EXHAUST, 903 
2400/4160 VOLTS 
2,500 KW WESTINCHOUSE, 550 P S I / ~ S O ~  F, 210 PSI EXTRACTION, 10 PSI 903 
EXHAUST, 2400 VOLTS 

NON-CONDENSING DOUBLE EXTRACTION 

5,000 KW G.E., 650 ~ S I 1 7 5 0 ~  F, 150150 PSI EXTRACTION, 5 PSI EXHAUST, 102 
2300/4000 VOLTS 
4,000 KW WESTINGHOUSE, 215 ~ ~ 1 1 5 2 5 ~  F, 60110 PSI EXTRACTION 904 
3,500 KW G.E., 650 ~ ~ 1 1 7 5 0 ~  F, 150150 PSI EXTRACTION, 5-10 PSI EXHAUST, 102 
2300/4000 VOLTS (2 AVAIL) . 

PUHPS, BOILEX FEED - 

225,000 PPH, 1021 PSI, PACIFIC, 500 HP MOTOR DRIVE ( 2  AVAIL) 
840 GPH, INGERSOL RAND, 46 HP TURBINE DRIVE (2 AVAIL) 
710 GPM/330 FT. HEAD, INGERSOL RAND, 65 HP TURBINE DRIVE 
290 GPM/900 FT. HEAD, WORTHINGTON 
285 GPH/1900 FT. HEAD, WORTHINGTON, 6 STAGE, TURBINE DRIVE 
250 ~ P M / 2 0 0 0  FT. HEAD, WORTHINGTON, 6 STAGE 

PUHPS, CEBTBIPUGAL 

1,500 G P H / ~ ~ O  FT. HEAD, INGERSOL RAND, 80 HP TURBINE DRIVE 103 
1,150 GPM/4220 FT HEAD, INGERSOL RAND, 8 STAGE, 1750 HP MOTOR DRIVE 914 
(3 AVAIL) 
1,078 ~ ~ ~ 1 2 7 8  FT. HEAD, BINCHAH, 60 HP TURBINE DRIVE 103 



P E F P I C E M T I O I  

. 
2 , 0 0 0  TON YOBK OH-2060 LIQUID CHILLER, 2 0 7 5  HP HURRAY TURBINE ( 2  A V A I L )  102  

SPEED PEDUCEPS - 
2 , 2 5 0  HP FALK, 4.4 RATIO, 1 . 5  S . F . ,  INPUT 7 2 0  RPH, OUTPUT 1 6 3  RPH 903  
1 , 7 0 0  BP PACIFIC WESTERN, 1 0 . 9 4 6  RATIO, INPUT 3 6 0 0  RPH, OUTPUT 3 2 9  RPH 904 
1 , 3 7 5  aP FARRELL, 1 3 . 0 1  RATIO, 1 . 5  S .F . ,  INPUT 3 6 0 0  RPH, OUTPUT 277  RPH 904  
1 , 0 0 0  HP LUFKIN, 13.36 RATIO, 2 . 4 7  S . F . ,  INPUT 3 6 0 0  RPH, OUTPUT 2 7 0  RPM 9 0 4  
1 , 0 0 0  HP WESTINGHOUSE, 3 . 3 6 4  RATIO, 2 . 5 4  S . F . ,  INPUT 3 0 0  RPH, OUTPUT 9 0 4  
89 RPH 
6 0 0  HP WESTERN, 7 . 0 9 1  RATIO, 2 . 0  S . F . ,  INPUT 7 0 9 1  RPM, OUTPUT 1 0 0 0  RPH 915 

' ( 2  A V A I L )  p b  

3 0 0  HP FALK, 1 1 0 . 0 6  RATIO, 3 . 7 5  S . F . ,  INPUT 1 2 0 0  RPH, OUTPUT 11 RPH 9  04 

TURBINES 

1 , 3 0 0  HP TERRY, 8 5 0  P S I / 8 5 0 °  F ,  1 1 0  P S I  EXHAUST, 3 5 7 0  RPH, SOLID WHEEL 912 
TYPE 
1 , 0 0 0  KW G . E . ,  4 1 0  ~ ~ 1 1 6 0 0 ~  F ,  3 6 0 0  RPM 102 
7 5 0  HP WESTINGHOUSE, 8 5 0  ~ ~ 1 / 9 5 0 '  F ,  1 1 0  P S I  EXHAUST, 3 5 5 0  RPH ( 2  AVAIL) 912 
5 1 0  HP COPPUS, 1 4 0  PSI SAT, 1 5  P S I  EXHAUST, 4 0 0 0  RPM, UNUSED . 915 
3 0 0  HP TERRY, 1 5 0  P S I / ~ ~ O ~  F ,  20 P S I  EXHAUST, 3 5 0 0  RPH 9  1 C 
264 HP WESTINGHOUSE, 8 5 0  P s 1 / 9 5 0 °  F ,  1 1 0  P S I  EXHAUST, 3 5 0 0  RPM ( 3  AVAIL) 9 1 2  
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( S i g n a l  Energy Systems ~ e t t e r /  

Power Magazine R e p r i n t )  



Signal Energy Systems, Inc. 
I 

I 
I LakWde Plaza 2-Sulh 2tb 
I P.O. Bar 635206 
I Wib&Cly.Ut8h8411M208 
I T ~ k p h o ~ ) .  801*5314196 

Chuck Hawley 
HAWLEY RESOURCE GROUP 
7011 Old Seward Highway 
Anchorage, AK 99502 

SUBJECT: F l u i d i z e d  Bed Canbustion 

CORPORATE OFFICE 

Uberly L n r  
Hampton New Hampshlm 03842 
Tekphonr 603.926691 1 

Apri  1 23, 1985 

Dear Chuck: 

I n  response t o  your questions concerning t h e  po ten t ia l  use o f  
f 1 uid ized bed combustors (FBC's) as steam generators t o  produce e l e c t r i c a l  
power and steam f o r  d i s t r i c t  heating and/or process use i n  Alaska, I am 
enclosing the  attachments l i s t e d  below. K ind l y  excuse my delay i n  
responding, bu t  from some attachments you w i l l  see cur rent  dates for  
information t h a t  might shed more l i g h t  on some o f  your concerns. 

Attachment A: Your l e t t e r  o f  March 1, 1984 accompanied by Ralph Stefano's 
l e t t e r  o f  opinion. 

Attachment B: A brochure and some b u l l e t i n s  f rom one FBC suppl ier  
(Keeler/Dorr-01 i ve r ,  a SOH10 Company). 

Attachment C: An "Experience Sumnary o f  FBC by USA Vendors Only." 

Attachment D: A special  repor t  from Power magazine re:  "Fluidized-Bed 
B o i l e r s  Achieve Commercial Status Worldwide," Feb. 1985. 

Attachment E: "Prel iminary AFBC B o i l e r  Vendor Comparison" 

Attachment F: "AFBC Boi l e r  Design Variable (Cause) vs. E f f e c t  Matr ix." 

The f i  ve ( 5 )  general advantages o f  FBC versus conventional c o a l - f i r e d  
bo i l e r s  c i t e d  by M r .  Stefano are essent ia l  l y  co r rec t  and could be expanded 
upon as given below: 

a Greater Fuel F l e x i b i l i t y  (High o r  Low Grade) 

- Propane 
- Natu ra l  Gas 
- Alcohol 
- O i l  (#2  - #6) 
- Wood (Bark, Sawdust or  Chips) 
- Peat 
- L i g n i t e  
- Coal (Coarse or  Pulverized) 
- Coal Refuse (Gob and Culm) 
- Petroleum Coke 
- Hazardous Wastes 
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& 

e Improved Operating Character is t ics  

- I n d u s t r i a l  Size Scale (Up t o  100 M e )  - Small Rather than Pulver ized Feedstock 
(Less Preparation and Crushing) - Smaller Size Combustion Chamber - Be t t e r  Turndown Load Response/Control - High Heat Transfer Rate - Higher Carbon Burnout (90%) - Increased Bo i l e r  E f f i c i ency  (by 2% t o  4%) 

a Reduced Maintenance Requirements 

- No Refractor ies i n  the Combustion Chamber 
( f o r  waterwall types) 

- No F lue Gas Desul fur iza t ion (FGD) Equipment 

a Improved Emissions Control 

- SO Reduction 90% During Combustion 
- LO& NO Emissions (0.6 Lb./MMBtu) 
- No ~ i m 8  Slaking and Scrubbing Required 

a Easier  Disposal o f  So l id  Wastes 

- No Foul ing or  Slagging 
- No Sludge 
- Waste Disposal En t i r e l y  Dry 

Reduced Capi ta l  and Operating & Maintenance Costs 
(from a combi ned e f fec t  of t he  above) 

Of t he  t h ree  ( 3 )  general disadvantages o f  FBC i n  comparison t o  
convent ional  u n i t s  out1 i ned by M r .  Stefano, we respect fu l  l y  submit the  
f o l  lowing comments: 

1. Fuel and sorbent feed systems vary considerably by FBC manufacturer/- 
design. Overal l ,  there i s  r e l a t i v e l y  minor dif ference up t o  t h e  p o i n t  
o f  placement o f  these mater ia ls i n t o  t h e  b o i l e r  day bins.  Fo l  lowing 
t h a t  p o i n t  i t  appears t h a t  FBC i s  less  complex because: 

a. Pu lve r i z ing  i s  not requ i red (FBC's accept coarse p a r t i c l e  s i ze  
d i s t r i b u t i o n s ) .  

b. Pneumatic feed systems (us ing eductors) have few moving pa r t s  
and have exh ib i ted over 8,000 hours of continuous operat ion 
wi thout  pluggage or appreciable wear. 

c. The mechanical feed systems usua l l y  employ h e l i c a l  screw 
conveyors t o  meter inpu t  and are of long standing design and 
r e l i a b i l i t y .  
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- 
The number o f  feed p o i n t s  var ies  by vendor design. 

2. , "Chemistry i n  t h e  fue l  bed i s  c r i t i c a l u  i s  a statement o f  f ac t ,  bu t  
n o t  a disadvantage. Rather, it i s  an advantage because today's FBC 
instruments and c o n t r o l s  use vary ing feed r a t e s  t o  sense, moni tor  and 
mainta in emi ssions t o  a more s t r i n g e n t  l e v e l  t h a n  conventional 
combustors. 

3. "[Tube] Eros ion i n  t h e  bed can [could] be ser ious"  i s  a statement o f  
fac t ,  b u t  n o t  necessar i l y  a disadvantage f o r  a l l  FBC designs. On a 
cornparati ve basis, t h e  wear and t e a r  exper ienced on conventional 
s toker- fed b o i l e r s  ( g r a t e  mechanisms) can be equal l y  ser ious .  

Probably t h e  s i n g l e  most concerning disadvantage t o  FBC's i s  the  
1 i m i t e d  number o f  opera t ing  i n s t a l l a t i o n s  fueled w i t h  c o a l  and t h e  data 
r e l a t e d  t o  opera t ions  and maintenance i n  t h e  USA (Refer  t o  Attachment C). 
However, t h e  f i r m s  who have accepted t h e  orders t o  p r o v i d e  t h e  FBC's are 
of considerable substance and obviously have t h e  conf idence o f  t h e i r  
c l i e n t s .  

As f a r  as environmental compliance goes, t h e  FBC's have been declared 
t o  be t h e  Best A v a i l a b l e  Cont ro l  Technology (BACT) i n  C a l i f o r n i a  which has 
t h e  most s t r i n g e n t  regu l  at ions.  Compliance t o  f e d e r a l  requirements t h a t  
govern Alaska would be assured using FBC. 

Signal Energy Systems has become very knowledgeable i n  FBC technology 
and i s  c u r r e n t l y  i n  t h e  developnent stage f o r  seve ra l  p r o j e c t s  fue led by 
coa l  and coa l  wastes ( re fuse coal  ma te r ia l  o r  RCM t o  energy). I n  f u l l  
cormitment t o  t h i s  method o f  combustion, on A p r i l  1, 1985, The Signal 
Companies acquired Combustion Power Company, Inc., an engineer ing f i r m  
s p e c i a l i z i n g  i n  FBC's. W i th in  a few weeks, we s h a l l  be proposing a 
c o a l - f i r e d  FBC system t o  prov ide  power, steam and h i g h  temperature hot  
water  t o  support Cominco's Red Dog p ro jec t .  Th is  proposal  i s  being 
tendered as an a l t e r n a t i v e  t o  d iese l  generation; and, as you know t h e  s i t e  
i s  about 100 m i l e s  i n s i d e  t h e  A r c t i c  C i r c le .  That  would p r e t t y  much s t a t e  
our  op in ion  and we would encourage you t o  consider  FBC. I f  your  s p e c i f i c  
p r o j e c t  requ i res  someone t o  design, f inance, b u i l d ,  own and operate it, 
Signal  Energy Systems would be most w i l l i n g  t o  become invo lved.  Please do 
n o t  h e s i t a t e  t o  contac t  us if we can be of assis tance.  

Warm regards. 

S incere ly  
. , 

,' ,' 

,'F 
,? ,- J- . ; .  , 

~ o b e r t  S. P r i n g l e  
P ro jec t  Manager 

RSP/mas 

enclosures 

cc : Chr i  s Sauer/Fi 1 e 
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EXPERIENCE S W R Y  

ATMOSPHERIC FLUlOIZED BED COneUSTORS (FBCj 

FUELED BY COAL OR COAL UASTE 

(U.S.A. VENDORS WY] 

Vendor ( A l l  Fuels)  Overa l l  Coal o r  Coal-Waste 40.000 pph 
Notes 

So ld  Operat ing To ta l  /wSO, Operat t ng/wSO, Op. Hrs. /wSO, - - - 
0abcock & U i l c o x  2 1 1/1 1/1 6000/6000 

Combustion Engineering 3 1 3/3(?) 1 ( ? ) / I  NO 
L u r g i  3 1 3/ND 1 /NO NO 

Combustion Power Co. 5 1 111 0 0 

NOSNO Oata 

'L 

Oeder t S 2 0 0 
Oel tak 0 0 0 0 

Energy Products of Idaho 2 1 20 110 1 /O 
F l u i d y n e  Engineering Corp. 1 1 1/0(?) I/O(?) NO 

F o s t e r  Wheeler Corp. 9 8 8/8 7/7 42.600t142,600t 
F o s t e r  Wheeler Ltd. 3 3 2 /0 (? )  2/0(?) 1500+/0 ( ? 1 
I n t e r n a t i o n a l  B o i l e r  Works See FEC -- - - -- -- 
Keeler-Oorr  O l i v e r  7 2 5/4 1 /o 3000/0 

Power Recovery Systems 2 2 0 0 0 
Pyropower 
A h l s t r a n  

R i l e y  Stoker  Corp. 1 0 111 0 0 

S o l i d s  C i r c u l a t i o n  Systems 1 0 0 0 0 
Stone Johnston Corp. 14 14 5/0+( ?) 5/0+( ? )  25 ,OOO/O+ 
S t r u t h e r s  Wel ls  Corp. 2 2 1/1 l / 1  NO 

Wormser Engineering, Inc. 3 1 313 1/1 830018300 
York-Ship ley Inc. 17 17 0 0 0 - 

116 a4 48/27+ 28/11+ 86,400+/56,900+ 

NOTES: 

1. Th is  t a b u l a t i o n  inc ludes AFBC b o i l e r  vendors based i n  the  U.S. o r  who have s o l d  b o i l e r s  i n  t h e  U.S. Also i n -  
c luded  a r e  companies a f f i l i a t e d  w i t h  t h e  above, ind ica ted  by s i n g l e  spacing. 

2. Tabu la t ion  inc ludes b o i l e r  demonstrat ion p lan ts .  but  no t  p i l o t  p lan ts .  

3. The u n i t  count excludes d u p l i c a t e  b o i l e r s  a t  t h e  same s i te .  

4 .  Operat ing u n i t s  inc lude  those which have d iscont inued operat ion. 

5. Opera t ion  c u t o f f  i s  9/30/84. 

6. T a b u l a t i o n  has no i n t e n t i o n a l  exc lus ions,  but  may n o t  be c m p l e t e l y  c o r r e c t .  Data has been gathered from t rade  
j o u r n a l s ,  n o t  vendors. 



I Fluidizedmbd boilers 
achieve comrnerciial 

status worldwide 
US electric utilities aive atmos~heric fluidized-bed 

Y - r -~ - - - - - - -  

technology their blessing by investing in three 
demonstration ~roiects em~lovina the world's laraest 

such boilers. Confident industrials are orderina units for 
U 

process-steam and cogeneration service, several with 
ratinos above 200,000 Ib/hr on difficult fuels 

By Bob Schwieger, Editor-in-Chief 

&.u,perheams (2) 1 Steam to 

tmospheric fluidized-bed ( A  Fl)) 
t=hnolngy for ste:lm and elcctric 
gcncration got a big bcmt last year 

when three electric utilitics-Colorado. 
Utc Electric Assn Inc, Northcrn Stata 
Power Co. and Tcnnesscc Valley Au- 
thority -and thcir p r t n c n  committed 
more than S300-million to the construe. 
tion of t h m  demonstration plants. rank 
ing in sizc from 100 to 160 hlIC'. Thc 
vo~c of confidcncc by US utilities, tradi- 
tionally among the most dcmanding 
compn ia  when it coma to adoping 
new tcchnology, means to many industry 
observers that AFB boilers art  truly 
commercial. 

Perhaps the most surprising aspect of 
thc rapid commercialization of thc fluid- 
ized-bcd boiler- the first succcsslul 
coal-fircd watertube unit, a bubbling-bed 
stwm gencrator. began operation at 
Gcorgctown Univcrsity only s i x  )cars 
ago-is industry's fascination with circu- 
lating fluidizcd-bcd (CFB) systems. 

Though only two CFBs are now opcra- 
tional in this country-at Gulf Oil 
Exploration & Production Co. Balicrs- 
ficld. Calif. and Conoco Inc, Uvaldc, 
Tex. each rated 50,000 Ib/hr-and thcir 
scrvicc time is somcwhat lacking bccausc 
of cutbacks in oil-field production, US 
companies recently have ordered at Icast 
eight such boilers rated more than 
400,000 Ib/hr each and scveral othcrs 
capablc of producing more than 100,000 
Ib/hr (scc tables. pp S.6. S.10. and 
S.14). Whcn onc considcrs that CFBb 
opcrating overseas (the larpcst i s  
270.000 Ib/hr) havc relatively little 
expcricncc burning coal, thc primary 
fuel here. the investment in thcm 
appears even morc surprising to some 
industrial sourm. 

Howcvcr. the gcncral conrcnsur 
aniong knowledgcablc cnginccrs i s  that 
CFBs certainly are wonhy of thc attcn- 
tion thcp'rc gctting. Thcse boilers \!pi- 
a l l y  opcntc at highcr conibustion cRi- 
cicncics and 31 lowcr cxccss-air lcvcls 
th:m thc nlorc familiar bubbling-bcd 
stcam gcncrators (POWER special rcport, 
F11tidi:cd-bcd boi1rr.r. August 1 98 2). 
CFBs also have morc forgiving fucl-fccd 
systems. typically rcquirc lcss limcstonc 
for SO, capturc, and usually arc morc 
easily adaptablc to stagcd-combustion 
technique for NO, control than bub- 
bli ng bcds. 

US intcrat in the CFB. nurturcd pri- 
marily by Pyropowcr Corp. probably was 
not anticipated by thc traditional boilcr 
manufacturers. Babcock 6: H'ilcox Co. 
Conibustion Engineering Inc, and Rilcy 
Stokcr Corp cach now olTcr CFB boilcrs 
undcr liccnsc or in coopcrstion w i t h  
ovcrscas manufacturers (scc tablc. pp 
S-2 and S-l). And cvcn though Kccl- 



List 

) r D r r h  *u* LY 
Ln-rr M *r)(odClr (4.114 611111 
Y. ICk W A l .  U u y u u l c r  621511 WID : 
c t mmmm 
53101 1111 $I bSwWUrr I l I I L T I . 9 l ' k  
I-. IM 111n hW Uruc. OZIZ~ 

C [ P m  s,um* 
109Ohoyct MU L t m  r b.m 

Pro(u1 mul#w 
I 201 2 0  9111 

'#dm Q D ( O ~  3snr 
Wrumh4L. 
IML-#d 

urr*(O)c*r 
Dr~la. 1415 124 IIU 

~ * r  P S ~  CIW wan 4~ yrww WM~I 
Crrcnlma snlcrt 114 

I.JI2 l l l .~ 
nun 

I 
W l C n r m  

m * U * l m O 1 ( F * n o  
(LR ~ r n h r c r 1 U l U )  
ex€ IJttar omcPa Cr, 
8 1  b b r ~ h  A m u m  Q 
at-1-k 

h a  swca 
CP Cnhllpl spta LU (U) 
W W Q . n C k ~ W * l C ( f I G )  

1 C f C f W ~ l *  
b f n * n r h * F l r N  
Corsbrr(r la (U) 

fCC f ~ b . M U L . . I p ~ * d f ~  
n n k c h b m a b r ~ H P p p e r . - w l  
Snlra Ilr 

fa f- tua(r **rrk LY IU) 
rm m t u  mrar c*r 
I I  fDucr Ikrr*r )Ow kCm LU IU) 

-- 
a .. 
' I . .  

* *I 
-. - n 6 l o *  l b W  , r l'. 

O W O K a  * 4 - -- 
I 4 :!-m d . a y e  

' I  ?a mrr l - * b . * h c l d l R n l k a ~ 1 : 1 7 ~ *  
m., * *.F 

: r  ..suur- c a w :  d. .0h.~1 WP m d  .r:n n 4 

U* - w n * r l  .am .a m L 

"'I.rw 1 IkkQltulLY.-WwIk*n-t* -- 
:a %xcm!rrarrr & & d # c ( u g l r r l . ~ l h l O . b r a b ) n r l Y  h ;L .- 
'2 L m  ::- L a r r r c o h p [ * v L r k n h L . p N w  -.. 
:.I :-9 5O.W Lfb. .(I* mt b m  .nu -4 u v 

*A --l;fW 
l ~ I Q n n I h r , u r n r u * r s n *  -. 

C ..- bCMd U U L n r r y  SL k- 11 :W (7'd .J 

a. 0- hx& r*rr a Pus McrrP.a Sr, u*qr *.I 
44 21 236 IPl. tan UlU9 IL lPrOlC -.- 

l0011FZI I & *  m t w e  of l r P r r  hr LU wd i d  -." 
C.cuulm Stucn, k b 

I C ' s = " r C ' ' W ; ' . ~ ~ ~ r U h ~ - .  6 W I ~ U I ~ ~ ~ ( ~ O U ~ Q ~ ~ , ~ . ~  . . v :I b 
- - 'e: . ( rY*- . -TULkI(WUI - 
' ' . . 1- w h I W I  ,, "$1- 
,.'a . * ' a t -  m 

I I .CTI 3 : u : w  *I <,*-* ~ ~ p n r - l r a k ( t o o r o n o l * m * c r . ~  a *tr 
Ut*ltm W r )(om *nmu -. - 

I er/Dorr-Oliver Boiler Co sells CfBs of which w i l l  (1) i c l ~ l ' ' . J \ ~  P'J'~ sap3ci:! Elcctric Cooperative Assn also are con- 
its own design. the company was not 0 p e n t  : ' ' - tributing to the project. 
actively publicizing this aspect o f  iu an investment of ~n* lc r ' kW.  I' imprr"- The upgrad ing effort. scheduled for 
businns before selling six units to ~ r c h -  net station h u t  r;llc IJy I "'- ' completion i n  1986. essentially cunsists 
er Daniels Midland Co for plants in Iowa reduction in  fuel 6 . 1 ~ ~  'IC 

;03. '* of replacing three stoker-fired steam 
and Illinois. Foster Wheeler Energy (4) reduce crnissi~~lt*.' generators wi th one 925.000-lb/hr ( s t  
Corp also recently announced plans to Participants i t 1  1 1 1 ~  rnh-m1'3n prOjcr~ 1510 psig/IOOSF) CFB boiler and sdd- 
oKer CFBS of  iu design. that are sharing r*lIuc : ing a new turbine to produce 75 h(W 

r i s b  the ultl i l v I I ~ ~ I ~ ~ ~  k~'erm3iir and extraction stcam to power the three First utility CF8 boiler ~ ~ m p o v e r .  r r c l i i ~ l ~ ' l i ' ~ ~ ~ ~ "  stcar% r.sisling I 2-M w l ~ r b i ~ ~ / ~ ~ ~ ~ r a t ~ ~ s  
C010r~do-Ute is installing the nation's C a ~ l y t i c  World (.l1l'* '''I '-TIicr Pr'- lO-psig/825F inlet conditions), which 

6rSt ut i l i ty CFB steam gencraror (Fig 1) body Coal Gorp. .11"1 lurbicc gcnentbr \rill be rctaincd. 
at its Nucla generating stadon. l ~ n t e d  manufacturer \~l~'~lilty"uur; The uti l i ty evaluated several i y p .  of 
i n  the westera part o f  Montmse County, Gorp. The Elcill l i Rcserrc' generalom fur the Nucia projccl. 
3s pJrt of a major life-extension pro je t  lnsti[ute (EPKl) ""' N1'ir(r~I Ru'' i e l ~ t i n g  the CFB unit on the basis 

..- / 



grows as early units perform well 
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c-I. cllic.icncy. and its ability to fire 
It*w.pr;~dc local fuels while satisfying 
rtrlnpcnt emissions criteria. A high-ash 
r.c~.tl w i l l  bc burned. 

Nucla'r new boiler will be the larp- 
r * l  ('1 B sicam generator in the world 
w hrrl i t  gcws into service. as well as the 
*~r lJ 's largest fluidized-bed boiler of 
""?!pc built new from the ground up. 
I t  u o r h  this wry: High-velocity air flu- 
~dllcz coal-and limestone bed malerial 

SO, capture-in the combustion 
ctialllbcr. transporting the solids with 
hlr!' turbulence up the full height of the 
'.:'cr.'mlcd Structure. Aftcr relasing - 

heat to the membrane waterwalls and 
radian1 superheater. the particulate-lad- 
en combustion gases flow into the hot 
cyclones. as shown in the figure. 

Solids. including unused limestone and 
unburned fucl. are returned to the com- 
bustion chambcr via a nonrnechanical 
loop seal to mix with fresh fuel and 
sorbcnt: flue gas flows through the con- 
vective heat-transfcr sections, air healer. 
fabric filters, and out the stack. The lone 
furnace retention time for the fuel and 
limestone. and the continuous circulation 
of them. ensure high combustion and 
SOI-removal cflicicnciu. 

The lower section of the combustion 
chambcr includcs an air-distribution grid 
and bottom-ash removal system. A p  
proximately half of thc h u t  released in 
the furnace at full load is transferred to 
the waterwalls and radiant superheater. 
remainder to the convective superhuter. 
economizer. and air heater. The convec- 
tive pass. typical of those in most solid- 
fucl-fired boilers. includes ash-removal 
equipment and provision for sootblowcrs. 
i f  required. Finally, note that primary air 
is supplied to the windbox below the 
air-distribution grid and providcs the ini- 
tial fluidization: addition of secondary 



Major US firms extend their capabilities 
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air i n  the furnace gives a staged-combus- 
tion elfect. maximizing carbon burnout 
and minimizing NO, production. 

Fuel-feed system provides for eight 
hours o f  raw coal storage; storage capac- 
i ty  o f  crushcd (1000-micron) limestone 
is 24 hours. 

Expected stack emissions from the 
upgraded plant are these: 1 17 tons/yr of 
particulates. 19411 tons/yr o f  NO.. and 
1559 tons/yr o f  SO,. The original plant 
emitted greater quantities o f  pollutants 
while delivering only one-third the power 
of the ncw system. Those numbers: 204 
tons/yr o f  particulates, 91 1 tons/yr o f  

NOI. and 2826 tons/yr o f  SO2 emissioni 
Confidence in  the CFB boiler's ability 

to remove SOz while operating eficient- 
ly comes from a wealth o f  lest data. To 
illustrate: When burning % in. x 0 Ohio 
No. 6 coal (5.14% sulfur. 13.4% ash. 
12.520 Btu/lb). using 100-300-micron 
Lowellvillc lirncstonc (93% calcium car- 
bonate. 1.64 magnesium carbonate) as 
the sorbcnt. and operating with a l525F 
combustion temperature and 8.5% e x w s  
air. SO2 retention was 92% at a calcium- 
to-sulfur ratio of 1.4; combustion rlii- 
cicncy. 99.2%. For a low-grade Brazilian 
coal ( I  .J'& sulfur. 16.9% ash). a 1580F 

combustion temperature. and a Ca:S 
ratio of 0.6, sulfur retention was 79.6% 
(some SO, being cap tu rd  by the ash); 
combustion efficiency. 98.9%. 

Largest AFB project 
The fluidized-bed retrofit o f  the non- 

rcheat Unit 2 boiler at  Northern States 
Power Co's Black Dog generating plant, 
located only I 5  miles soulh o f  downtown 
hlinncapolis. differs from the Nucla 
projcct i n  several rapeas. The most 
important: A n  AFB combustor o f  the 
bubbling-bed type wil l  be ins ta l l~d  in an 
cxisting pulverized-coal-fitcd b i l c r  after 
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dcmolition of pr~ of  t h a ~  unit's furnace 
and convection pass. Through the con- 
version eKort, the utility expccts to find 
a technical and cost-cfrectivc basis for 
responding to the acid-rain issue in the 
uppcr Midwest. In  addition. NSP hopes 
to satisfactorily demonstrate its ability to 
achieve a higher unit capability and 
availability and to cxtend the life of an 
existing unit. 

EPRI. which partially funded cconom- 
ic Icasibility studies. has considerable 
interal in the project. I t  claims that 
mar? than 200 units, built bctwccn 1945 
and 1965, with a total capci ly in cxcess 

of 20.000 hfW. are patcntial candidates 
for conversion to AFB combustion. 

Foster Wheeler Encrgy Corp. supplier 
of the fluidized-bcd system. bcgan demo- 
lition work on Unit 2 last September 
under thc direction of thc utility and its 
architcct/engineer. Stonc B: Webstcr 
Engineering Corp. Whcn thc refurbished 
boilcr produccs stam in the spring of 
1986. i t  will be thc largcst AFB unit in 
the world. h4ore important. Black Dog 2 
wi l l  ( I ) be ablc to gencrate 40 M W more 
than i t  can now. (2) opcratc for 25 morc 
ycilrs. ( 3 )  cmit less pllutonlr. and (4) 
burn a widcr ranpc of fucls than currcnt- 

ly possible. NSP's confidence in the SSO- 
million project-or about SJOO/kW. 
one-third the price of new capacity- 
stcms from the success of its fluidized- 
bcd retrofit or the stoker-fired French 
Island plant. described in POWER'S 1911:! 
report referenced earlier. 

Likc othcr utilities. KSP has suffcrcd 
from generating capability lost as a 
rcsult of environrncntal regulations. The 
AFB rctrofit w i l l  allow thc 1954-vin~apc. 
100-MW Unit 2, deratcd. to $5 htW 
because of a mandated shift to a mixture 
of Illinois and low-sulfur wcslern coals. 
to producc I25 M W  whilc rcducing SO: 



Unit capadties jumped dramatically since- 
- 

W L I R  O A t A  

H.rn4lmatr w d a .  IOOQ ((r 

.r 
OWncR LOUflO* 

I I 
I b ( k ~ k r r & . . - - - ) m r 4 Y .  fIC m w(r h I m U  Ion Im loo! Y UI UI U. U. w. w YI U. 
1 ~*r.*w(r*whu-.. ---.- m w r*..~r PIC I lr~u m a 1 8  IW wuur YI. u r  ur lur w wr u. 
J C . y m r w m a Q I * r l r - . 4 6 1 . f r m  -.., la 11 k- h I ILU W Ill  ((o 9 9 4  Ill 1.9 I11 l l D  w wr ly. 
4 L r * o w Y W C I . - - - , k  .-..-...- KC0 86 IhW h I II 411 Ill@ (00 W*U. U. MI )U. Ilk Ml WI MI 
5 L*O~~.(YII I=.LI - . - . . . .  UIQ Y C.- h 4 car110 nu w ~ * u  w w U. w. u, IM, w. 
6 C r y r l r m r - -  P O l r l r r s -  IQ IIU kXI h 2 ILU #I@ 324 159 8 4.3 IU 0.4 R l  Y 1 10 IUr 128 
I b~.Cn.rcCr..--- ( r * r f r r r  ..-.-. 1 0  91n k-bm h I ILU m W ln 8 5 1  22.6 5 2  210 0 W wr 92.9 
I m r ~ ~ ~ r m u )  L.W- ...--. I C ~  10110 b . ~ r  h I nu IU 914 w2 o 11 12a 9.1 1.1 449 ur ma, us 
9 I k l f ~ h . o - b L Y -  IUrUy f . * I I I  b. D. 4/11 k- t* 1 M lU I l W  1100 -1. 0 4  0 0.21" 0.4 I 5 Ml W R b  
I i I I m I m JQ) 1211 $18 o w ly. wt wt w u, wr n a  

I I I h r m b  PIC I* IDD 921 912 0 2.5 108 1 0  5.4 ,260 16 92 1 8 1  
12 cm ,... . . . .---,- ~llnhnrar f~.u-.. ~ c a  IZ:U k . t r  m I m u  ~n m 9010 1.9 3 2  o 81 o rur nrr me 

I .  6 krm Pic I n w  110 Iuo  1 c a  '* 4 4  0 s  6 0 "  4 9  mr r w~*nor  
24 G n . r a w a r C o n  . -  I . .  6 1 W w t r  h 2 *LW 1% 100 155 Glw Mr M* Mw *LI W 
n m m c l a s u n r m C I  ~ r m u w a  --.- in 12111 nab h I m IS c i a  no ou ur wr Mr YI. wr 8th~ w llk 

I 26 I r m + l W r k r s . l  & P n n l U  ... I&#&. h-. . 1 0  9!Y krCr fw 1 U U I45 U) 824 0 2.5 
I !  k r ~ ~ ~ r  ~ r t r - b ~ u -  Y..U 1.w- w.-- ua j.n kt.., fw I m u  111 low 932 121. 1.4 
11 I~*IFM*L ~ 9 1 1 . ~ 1  oc I'Y ~ n h  m I m IS 1500 low au 0 

u U ~ W ~ B W . I C S U ~ U -  I ~ R  IO,U ~ C U  m I m w  IIZ 415 UI o u. 
U r . .  a . -  P I #  *Lv  MrCu PIG I m u  I25 2lo 4W Wr*k& 

IN ~ l ~ w I I . I c .  
em ID~KI b t n  u 
Bn lreal hr L U  
C K M a a h r C .  
MD DldrlCa). IbUha.aaQI 
I f l  [mehabthdlll. 

I C I  Imr W w 
fva 1 t D U n w k r k C m  
IW INw Vkm P m  -1U 
an U w U  k r v r  k)uwa CI Ul 
am w / D o n 0 l l l ) 3 n C I  
# 8  Y 1 ~ 1 L U  
PlR rv- c u l  
IS Un Sl*. CI, 

W Lul C.~.lrl.l 
XX S m w G t m k U  
SIC S l a  I W m  Cu8 

5 U  Y f u c ~ n  kh h 
SU Wls lotLmtY 
1UI l r D N  l U  
MH w a m u  ~~q w 

R 1rnbShd.rllr 

W r W l u L  
m *.tk.L1* cad 
rv A-rm b r  I . . I ~  
r 6 w y * u u  
8 4  k- 
I d  lyulrd *a 
E b b - Y  
k b b b C r 0  
M m.rmcad 
CW 

Cd U r i r r b r d r l h r w ~  

CC* &mt.nrc 
41 W w m  Il& 
I% t o i l u ~ o d l  
C. C.tJ1lq Y 

C m b m m d  
CQ Clcc-m 
Cd C u h  iwckmh y - M a )  

Dm . o m m I l f r r  
03 OlulhraW 
a1 a 0 1 & w ~  
fV CktmnUM *- 
(11 l ~ l r r C  
110 fWdmCm 
f i t  I&* ma 
fl firm 
I 8  Ibw ~ r # n  (II& W a) 

frn I m t d  ucuh la  
11 frank 
Id  fdnd 

f.  W f#Urb# nl -.Ism 
t wowa [a 

h h i01.manl.rl .a&l 
t e  b.cr.w 
Wlb(C 
n l(rl(1uouh 
WI Wwmu 
*kW 
k henbeak,  
~chww-1 
b W f J u l I @  
H k*ul ur.. .,a 
It L l r *  
1- 1- 
Mba Mull.* W .*b I- r r * r  r e ~ r l . ( L I  

&.r W r b l o l  #an 
M 4 Y * . * W a I b l ~ m o r c M ~  

bca Uf&lrn &I4 
ccC urtwlld r h m  
us 

YU W ~ m 0  

lClll 

2zzz' 
IW Yllrll ad- 
kt mrds 

0 . f d d  
0 1 ( f f e m r r r m w Y  
?*a .ha 
I d  MI- 

C!C mlu b d  pn- 
h .huru ynr 
mhrrrr 
he hulolnr 
hl hm 
Ilr(lhY 
w .lurrWa 
b V  LP(nr* 
L. .W 
U YrrW 
Itl .)a Wa 
Sr-u 
L fWrm 

SX .- b d  Wb -&I* MU# C d  
ur .Lr* w w  
511 Itxu Ch 
Y* %I* *pp, a bUbulD1 Cau 
sa .Em-- 

T . l r u m  
rg l f rv rbq sl* 
11 .Ism i!&rYO 

1.r ~*FI 
UILLaroY 
W .Ifem .*ln (* Y 
vr .W 
V d W L J n l m r l D Q l  
VC V&rln( Orymr 
W W r l a  corW 
** W a h d  

W r t W  
I. Wm6.W 

w* Mi 
4 8 1.0 
llk lUI 

w 
rur 
lu, 
wr 
rur 
rur 
Y s 
rur 

41 
MI 

M* 
K'J 
M e  
Ml 
UI 

Mr 
w 
rrrr 
kb. 
rur 



jxe*- 1982 survey. Trend to continue as . . . 
m w u v  IIRL ~OYIUSTK)(I snnm 

U*Ur-- 

t 

y. Y 491 I ?  89  I 8 1  01 119 188 U. a90 11.. U. I* - hn u w YI 11 * m 9 s  I 4  kt, lb f r  
W . * Y . I Y L U L L  L 1 U  I *  I ~ W Y L I  Y I W . . * L W . *  
Y W YI 0 Y. W . 1 0 8  1 8 1 0  I1600 04. I* I* - I U r W  Um W U 1t  ul W W . W  W J 1 

I # W . * I r ~ u r y . W . y . Y I Y  Y L . I L I *  I *  I C . y ) Y I l I * W . Y I u . W . ~ ~  I I 
r  U . * Y . U . W * Y . U . U & Y  U . I b f b  I *  I C I W M r L I  M M r U . * ) U U . W r Y )  S 1 

91 a u WI W. 81 U. MI 141 n c  1o.n 01- I* I* - I c."Y) YI L* u 
Y? B Y Y. Y. 08  YI WI I t 0  8 8  115 1 1 l M  b m  I* I* - I C."W YI L* It 11 

W ** UI 04 UI M r  9 1  8 0  1 1  l O l V  04. I* I* - I C . " W  W. h U 
1 

5  8  I 
l m 161 4) 06  9 1  0 8  10  6  I I W. W. m q 1. IP sm W. LI m S I ~  W. W. W. m 
I lu W. YI YI W. W * U .  Y I U .  MI 1% Y. I*.% - Wm.C Bb Mba W* Sr W k I Z L U I M r W  W I 8  

II*. M I W . W . W . M ~ W . Y . M ~  ~ ~ W I W .  I * -  I, t . i i ~ ~ . ~ a  U I W W V Y . W . U , W  II 1 I 
I 

IO M 141 4  II 41 15  ID I)? n~ IINO 04 v a  l a l o  re I so UM p, la r k 4  ZUY u IU fm II 
W. Y Y L . W . U M k M r Y L . W I Y 1  M . M .  Vn l n ~  M a m u o S r u r  aa 8  U W . W  f r  I1 

? 
I 

me 
I& - 
91 1 . 

v 

9 
19 0  
850" 
WI 

I 

I - 3 
no 
MI -. , i 

J 
4 

1 
W* 
U 4 I 
MI i 

I -. 
I W ~  
w o , 

Y W. M& 0 1  Mr M r  1% n l Y 8  I186 04s I* I* b " w  UI L* &  11 W. YI W l W )  1: + J  m M r  YI I 6  W. Mr 9 8  165 56  10.516 O F  I* I* -- C . " W  Y*r L* U 18 W. UI M * W  W 

Av 811 9? 64 09 09  0 0  0 1  U. I1421 ? 1s I* - I C. *IS Y. U * WI T I 1 2 Y  1 6 W I  WL I b  
X- 114 I ?  0 0  Ill 0 1  408 11 W. I I la I* - I C. MJ 2* * I c  - 4 P  O W L  W I 1  

MI WI 09 )u. M r  1 1  I ?  4  0 8 1  b u  I* I* - I C . " w  WI h U 11 M r  W U r  W LW I8 
r. 571 6 1  00 418 0 1  I 0  8 1 W  1  Va ND - R sb L UO Lr U W J I O I J ? . S M ~ H I  fm I9 
U I & W . Y . U r M r I U , U . W .  MI ' I W .  ND - I C . W Y I L r  U W W  W I M e U I  WL t( 

l a  110 26 I ?  6 1  0 1  25 491 I0 6141 b  Ta I* - I I C I "  Wg UI U 1  M WL W w( ? I  
K 101 44 0 1  I 08 100 6 1  I 2 0  111Cd 04* I* k U C r " W W h 8  U W Mw N u  22 
t: )01 41 41  66  14 141 116 ION0 a 1 i D m m L r  *I 2 24 # 2 I1 
M W ~ W . W . W . ~ M r W . W .  W* I I* I* - O * C . W W * L I  U M r  W l L b M e # * f m  14 
ro I 0 0  410 0 1  -. ZJ uw 1 vu I* - ILC D L WI LI u w 110 IJL) W. m n 
LC 110 14 0 8  8  0 1  1 1  411 120 un ow m I* - wr x 
Id Wl I1  I 4  I 6  26 LO O? 108 l J l W  b  I* k 
w 461 14 05 9  0 6  ISO 142 6 3  81x1 C *  m v a 1 ) l  *I N mu L 110 h u 1.r 41 14  (O m ~m n 
Cd 0 0  MI 00 M *  Wr M r  51O 10  M r  M r  I* la fn OC 8b IQI Is? Sr We fh *L. 34 UI W UI I9 
M M l I I * W . M 8 M l M 1 ~ U .  W I M k W .  k - I C . W g W * L I  U W M l U I f I k W  W IO 

M 111 29 0 1  64 09 I 0 5  544 I 1 1  5850 MI L - h D YaO NI L a  U tta Um Y. U. k fm 11 
K MI MI 08 Mr M r  100 60  U O  l l S 5  0 1  I* I* - I C . " W  Nh L* U 1g MI NU U I W  UI P 
Y 111- Mr  U. MI W v M l  W e &  Wr 1% I* I* - I 88 $a MI 11 Uc Me M r  M r W  & W IJ 
L' 590 4 8  2 4  6 1  0 1  161 101 21 1 O W  IC- I* I* II I L W. 11 W 1 8  I M  I W M 
I( U b  41  I% L 1  I 1  I 0 0  100 300 11- I* I* I* . L* C. W U Y L r  Y11 Z P 2 3 F U  HI* 1.1 lS 

W . M r W I U * W u W e W n W  M *  1 lb m k D mm YL. 11 r 1 a b  I am Y 
M 835 11 1) 09 1 0  9 0  05  I 0 0  14Xkl 3 3  Co I* - I RtJ L 450 Lm U In 4 4  4  90 lb f r  11 
u 102 49 u 11 11 50 o M. I?IW I C ~  I* m - I EO uta I Y ~  LI u S I ~  8  194 W ~ I I  u II 
t UII 4  01 UJ 1 2  653 184 M. *rb I* I* - I I 495 ~r r MV W. rr* n 4 . w  *rr n 

~ U ~ ~ W I W I W ~ W * W . M S U .  M. 15 I I B I I O ~  - I M I( 1 5 1 ~ 6 W . W  w rg 

CC' M t  U. M r  MI 1(LI 550 I 6  448 3S1 k k l Y  - MN C . 1 8 1 W  MI LI It W L W . L W  WL 41 

50 612 0 30 U 2 1  Ill 19  486 lala b m m  l a b 3  M c c - -* r k 1  o i l 1  MV rcr i m  o 
81 9 

U 610 5 0  I 1  & I  I1 11.9 14 31J I1.W b* I* I* - O F  D )rsr 111 Lr U k CIO IS3J IO # I- U 

lLb 1 ,  H M . W . W . Y . M r M r U I W .  W I I k  I* I *  I O L M r h  l k M r M v W U I W 1  k 45 

f n u r r w m u c m a . . u r ( r u s  ~ ~ b m a r l o o r r c ~ d  l l ~ ( r k l ~ e * ~ m a a 6 n w  k s s I * r b r d f i S k , o r l b a r  
I 1 9 4 w d l w W ~ h r  41 S o 1 b M v u k u t 6 C ~  a O w d b 6 5 % k l ~  I?*crr  WUpb$O% 

W b : 8  * B~P~MUIWYI)EY.- XO~~~OS%JIUIII I6BribUlU(k*lur(Lhbmmrlllr 11 w I ( U ~ ~ ~ ( L I C L  9 1 w k n s  
1 b m a h ~ L o . Y l l r u u n b m m w l k b d  Y.uupadidY m b m L * I I W b d m  14- ~rlwhad lael 1111 LI cod Undb 989141 
. u I W Y C Y L L I  * m c  -* Orrtr*ncr BUphrn 

41 V v m  d b  w U . r  c a n  l 5 l r a n 1 w l z k u r o \ -  X 201rc)c-100% IM+~&cnY'.d~utdYlcnnlcmaWf I. .I r ..' *dm 55( r( trcd -1 O ) U ~ & w l ( c r r m r a a b n I m m 8 d  * u l b ~ b r a n d W ~ * U ~ l 6 B r i b b K t r  l o l ~ p l ~ w r  
49:.lktCulW16mah ucdilq M b* s rum m ~ r m r u e a r a ~ c . * o a ~ ~ h p a d v  102 ? O % a I I r d * ~ t n m b r  5 S . Y ) L w I b m m  
U u * . u . l l * h . * r o ) r  5 0 I l r m c . r o u v u u c o . r  ~ b u l a  1 0 3 f f u k I P U ~ ~ l ~  
LM(lnrhl*Ynrllyrr*.kl*a 51 ~ ~ r r r h u W m , 3 I r I  u r 1 6 M . . J M ( a r l l u C m  L ' % b u ( r u l 6 m L  I M Y r u  

.rcL : won t r a  r a m  d rn b ZU cr rw, taw !?A=- 10 
1 1 ~ W ~ ~ b . W l I h U W t ~ W  ) O $ ) l % d M a a r r b m S $ % k r b m l 6 m 8 k b  

s  r a v t  - 8 ~ ~ I U Q ( Y ~ H W I  s* OUI r m urr t t u u c ~ r ~ n  OI o r c ~  106 4~ m-m n~ tm wm 
31 h r b t M w ~ ~ ~ b r  x 0 5 3 * l u m * l r ~ ~ ~ m r w *  I * * n l m s ~ ~ d h U ~ u n l w l w m  I O l 4 m W n n W m r 1 W C I * r  

wr  I 6 w ~ ~ k k m s e t r h b n m r * r  Y W b r h r b ~ & n d r b M I I I W l u ~  18WInm)ckr1lmd.*bI1~b~ta~kIb., I M 1 M : d c r * W k s I * r b -  5 G Z k c r u I b  
I b d . u a ~ t h % W ~  u h r * , l * U u  b L V M I  W CQ(MDMM1 ~ w d r l ~ * l u t s b r ~ I k W u  

f b = r m U l C k  
55 CCBWXI- m ~ r  ~ t w  UIW w b d  n lk ~ ( n l  m( I w* OI mr IUU 4 r  WWSNIC -MI 

w % ~ ) ~ I ' ( ~ I I I ~ ~ ~ U I C * ~ I U & ~  % h d m n 4 4 C d r r l r l r ( r y W i  ~mnnt~qnrlmr&(obnIWhu(lSed I W I ~ ~ H ~ W C -  O i k s l b a l b d  
, a m  5 h W w l r r p ~ b r W b M  51 s d I * l k s h r ~ -  1 K b W l 6 m I h  30 I9M U1W lOOOObowtd10natau4an 110 b W y l l C w 8 U C 1  UO * l O ' . l r u l h u  

r w r l u y u o v ~ ~ ~ ~ a p a c r ~  Y ~ w c u m - l n a n d t n d  a r w )  *I w'. I 6  m%b 
w , .! c- H U l o r m r l k r o r r d t d % r s m e r  84 U % d l u l k ~ l b b ~  W ~ I M I ~ H  111DnZndb~hIrrm*r*(00n16QI 
H I  t r ( 5 4 5 O I ~ ~ r - p u r m h * n W O W ~  W U l b v m d a n Y % . l l Y d Y r w y t c p l b Y f  8 I % % d M ~ I * u b . 1 4 1 % * u I b I 6 m % b  II2Qla(W*c(. 

f aUrtuh*r b I * s e I Z I t L a r W b ~  3 % k r m I b ~ b  l ?  a $ s d M k s t h l . b m  Y T . h m n I 6 ~ n a  I I l*IYmv~1dbl1lr.r.lWImprrU~ 
Pu 4  40 I n 1 1  b ? ~ b r ~ m U . y m r ~  6395%dkr ) ( *U lbab r  Il:~mmI6111 1 ~ 4 ( I . 1 o 0 ( ~ r c m 1 ~ b ~ k ( h ~ ~ c ~ a ~  
h ! ~ I v u n d r w t ~ b l ~ h w r r b r # 5 S  .leNn u warn ~IWUIDLII I&I WWLI b la w w  m u y  r& 

1 .k. tu (lr m& I* bd w .I U O b ~ u ) c b ~ a n d . ) b I  I t b U H ~ ~ v b b h .  8 )  Oclrc lhu~q)Lw( IlSOn,.*(rc1e4M000b2 
f m n * C I m b o m l * W u k * r  U Y W b b M M l  86 1 5 5 d M k , l * r b r  ? l ~ k l i t u n I b a n b  l l6rlohc~ruur*taohqbcurawl(-dbk 

r  i 4 ? X ~ ~ & h a r * r n r W I O m ~ L d ~  U 1 0 0 . . d w M k ~ c L u b r M k r l ~ 1 6  8 I w u l I r m h w k r r W n l a l u l k r l ~ ~ d  ~ r ~ r b r g m r d s ~ a t ~ w w  
1 ruawb. ( O . ; k r c r u l b m ~ h m ~ M q  rc lk l - l . l r l * l ru tebarmI*Wu cacd~lm M u r o W  spl- t 1 l r . 1 1 a c m  I l l * b . ~ b d ~ w i  r h m W ( l y n a l w a  

C U l b u m ~ W b d  W w r e l b -  n c b k  mlr4.r.v- rdua U %  d lrlrl slcun( ~u.tl~lr rrd a d d  L. 
I r r C . * I r r w a W q K k s ~ Y r  41. 6 5 U p l r 4 l  u ~oo;d(ulrrw)~b- * ~ . w a s ~ r a  1 1 8 ~ . c ~ q ~ r ( s ~ m  
6 1 * ~ 1 ~ r u l l b I O I ( a r ~ b r  U4I l i l (bcrr f . r r~ .r tM~I~* lun l ~ z l l k o l ~ ~ k l u b ~  I19 # . d ~ c l t d u y t u u m I i r ~ ~ k n k ~  

4 3 4 b b l r r l * l * ~ . y ~ b l I ~  O S a b M w ~ c b w r a b ~ * I b ~ C * t l e n u r  6 9 ~ ~ ~ 1 r r c & r n 1 ~ r u m ~ r ~ ~ a  *a - 
.*t*n t w ~ u r ~ r a u r u t m n u l r r p c n l ~  ~ l l r ~ u * u ~ r r r c ~ l ~ l ~ m  1 8 0 y n l ( r ~ - t u l * n r r r l p ( i ~ o  

u a m ~ m d n * r , Y w r  rmrl* Ucw-uMmnrb. nlrd W ukw9 t& I- r Wq r- b r  1911 b 
u k U c r h r m u ~ b d * I m d w r  Y I C * r w W l o l r  Y l r ~ r b t r O D a d I S W  I4 l48Itl.B 

~ ~ h . u f u r w a ~ ~ u c s ~ ~ ( r ( . I I  6 9 b M w l < b ~ * * b *  a 7 O W d Y r  Y 1 k d m w W n n 8  121 *nd 
~ C ~ M I V A ( I I I W I I U ( ~ ~ I I ~  b s ~ b - d ~ ~ ~ ~ l b d  93 l m c u ~  mrbw 121 b n t r t l u l  w ru- 
vmdr(m ~ r u  dY N S u w r * ~ r b w r * ~ r  x  I b d  C * r t r u  w u und *rw nlsm bra 121 C1b mwb rnc r  d w b Y I lm wm ~ s r b  * 4 . a ~  w d  I) b ,hd 4  1  a tm but . &ah k w w In WI*~ n t h ~  h ( 0 0 1  b m ) w c M )  
'*urr(wm m a d  (QO( Rave  m Y n  u Nn %Smbn(w(.twab- II 3n*r*r(05 I f4 V a n b r l 6 l b 4 l l r o r h m U * r m 4  

Yo--. hbry mr 6 . 1  



- 
TVA begins design of I 60=fflW plant 7 

1 1  a 

rt 11)- 

11 1.- 
l u i  .I- 
lk- 

Vn( . f t n  n~ Y, Y 
vr .Wlul 

cic*.ia*r&mq..ua~ 
41 k W hN I w YlCY v o m 8 ~ 1  W YI UI C ~ & M ~ U I P I  
42 k bb LI Mw. If1 MI *Lr Ur MI MI UI bb&wIYY 
41 v n ~ u  LU h 18 M rrl ND u s  951- 1 I- MV IIM LI @aImMw- 
U I ( M 0 1  6 V N K  m u .  w w W c I I M  tu 4- .rrpUr 
5 I (M 59 I v f l  rft In rW MI IU. W1 YI U- 

emissions by up to 80%. cutting NO. 
emissions by up to 50%. and dccrcasing 
particulate discharges to 0.03 Ib/million 
BIU-the last a provision o f  the current 
new-source performance standards. The 
turbine/generator and auxiliary system 
must. o f  course, also be upgraded to 
achicve the higher unit rating. 

The original boiler for Uni t  2 was 
dcsignrd to produce 1160.000 I b l h r  o f  
1770-psig/1000F steam: the re-equipped 
s t u m  generator wil l  deliver I .OJ-million 
Ib/hr at IS25 psig/1000F when firing 
the difficult Sarpy Creek (Mont) coal. 
This low-sulfur (0.9-1.2%). high-alkali 
fuel. noted for the fouling and shgging 
problems i t  causes. has been test-fired at 
French Island with favorable results. 
Tests to select the most cost-effective 
sorbent continue. 

Oerign l imi tat ions o f  the cxisting 
boiler and EiSP:s desire to increase the 
unit rating crcited some job-specific 

requirements necessary to facilitate the 
conversion (Fig 2). Thae  should be 
cxpccted on any retrofit project o f  this 
type. A t  Black Dog they included: 

A maximum 10-ft/sec bed supcrfi- 
cia1 velocity to minimize carryover o f  
unburned coal and unreacted limestone. 
The limit essentially reduces the recycle 
rate 10 levels approaching those used on 
stoker-fired boilers. I t  was necessary to 
do this at Black Dog because o f  a 50- 
ft/scc maximum allowable gas velocity 
in the convection section at the maxi- 
mum continuous rating (MCR) o f  the 
unit. and because OF the need to restrict 
flue-gas particulate loadings to levels 
acceptable 10 existing precipitators with 
minimal upgrading. 

Addition of a multicyclone dust 
collector between the boiler outlet and 
air-heater inlct to allow recycle of high- 
carbon-content flyash and to reduce the 
dust loading at the precipitator inlet. 

Use o f  an over-bed (spreader stok- 
cr) coal and limestone feed system. 
Overfire-air ports wil l  be located above 
coal-feeder inlets to the furnace to dis- 
pene the incoming coal fines from the 
feeder discharge area. 

Replacement of the two  existing air 
heaters with a single. low-leakage regen- 
erative unit capable o f  handling the 
higher pressure drops. flows. and partic- 
ulate-loading requirements o f  the retro- 
fit. 

Installation o f  new forced-draft fans 
and modifications to the existing in- 
duced-draft fans to satisfy the higher 
static-had and flow rquiremcnts of the 
A FB system. 

Use o f  a rircumferential seal around 
the furnace to accommodate the differ- 
ential thermal expansion where the exist- 
inp furnace and the new fluidized-bed 
system are joined. The seal is a combina- 
tion watcr/mechanical and slip-joint 



2. Northern Statra PoW8r CO'S Black Dog plant will have world's largest AFB 3. Succaar of this 20-MW pilot plant gave TVA 
~ O I I ~ ,  h e n  Untt 2 is converted from pulveruedcoal firing in 1986 confidence to begin design of a 160-MW unit 

,-.. ...... . ..... . IIBCIII. with thc furnace-gas-side 
.!:rc trll:lnccd ;II atmospheric at thc 

\c.,l r l c v : ~ l i c ~ t ~  to m i n i m i x  lwkagc. 
I'rovi\ic,n for t hc injection of a flue- 

F;~, conditioning agent i n  One is 
rcr(uircd I;ttcr to forilitalc dust collection 
h> ~ h r  prcripitator. 

m HrinTorccmcnt o f  existing boiler 
.in(! prr.r.ipitator g ;~~ .s id~  prcssurc cas- 
r r t ; .  .III~I of flue-ga\ and air duas. 

TVA: Another leader 
'I h~ 'I cnncsscc \1;1llcy Authority took 
h r ~ t  \tcp tu\varJ B utility-scale dcm- 

on\tr;tltcrl o l  fluidircd-bcd technology by 
c*m\~ruc.tinp a Sh&n~illiun. 20-Xt W pilot 
~1.1111 ;#I thc utility's Shawnee slcarn 
r:.t111 111 I?lduc:lh, Ky  (fig 3). The unit 

c*p.r;ltcil Tor wcll ovcr 8500 hours 
'Jncr. !I**. I ~ r \ l  CIKII firc in  May 1982. 

1 n n - l ~ l : ~ ~ c . ~ l  l*y progrcs. in  thc devcl- 
oI'!!#clll 1 1 1 ~  A FB process ovcr the last 
fen !c.~Is. -1 \'.\, in  ccwpcrotion with 
I I'k I .  111~- S1.1lt. ,I( Kcnlucky. Duke Pow- 
er ( # '  ( "nll*#,~it,n I'nyinccring Inc. and 
Mtlccb. I' dc..lrt~itlg bubbling-bcd boilcr 

Sb.tunrl ~.tl,:lblc of providing sun- ""' "'."'~~ l o *  Ills existing Unit 10 lur. 
'J'P"'c"~~'.I(.*Q 1,) prdurr \bO MW. - 

Completion of ~ h c  S22O-million project 
(a foilou-on tcst and evaluation program 
are included i n  thc cost) is expcctcd in  
1989. 

Pilot-plant results indicate that 908 
SO2 retention is possible using undcr-bcd 
fuel and limestone feed with a Ca:S ratio 
o f  2.0 to  2.5 and a recycle ratio of 2.0 to 
2.5 (Ib solids recycled to Ib new fuel 
added to the combustion chamber). Only 
cight years ago. thc prcdictcd Ca:S ratio 
was about 5 to achieve 909 SO2 removal 
(weithou~ rcc).cle). Results with over-bed 
fccd-the N A  pilot plant has both 
under-bcd and over-bed fecd syslcnis- 
show the samc positive trends: howcvcr. 
ovcrall boilcr pcrforniancc i s  not as good 
as when the under-bcd fccd systcnr is 
uscd. Whcn fucl is fed from ovcr the bed. 
fines content must be tightly controlled 
to achieve the 97% combustion cflicicncy 
typically possiblc with undcr-bcd injcc- 
tion. 

Similar impro~~cmcnts in the control of 
NO, cmissions also have bccn obscrvcd. 
To illustrate: Data from hlonongahcla 
Powcr Co's 300.000-lb/hr Rivcsvillc 
( WVa) demonstration unit (no lonpcr 
opcrating) produccd 0.6 Ib  NO./niillion 

Btu. Thc TVA pilot plant has opcr~ted 
at NO, lcvcls bclov en\.ironmcnul limits 
for al l  conditinns tcstcd and. at the 
cxpcctcd 39 .  cxccss-0, opcrating Icrcl. 
cmissions arc less than 0.25 Ib/niillion 
Btu. 

Regarding quipment and component 
pcrformancc. thc 20-ht\\'-unit tests rc- 
vcalcd t hc follo\ving: 

Thc relatively simplc over-bcd fccd 
systcm opcntcd at a high ava113bilil!. in 
approsimatrly 1000 hours of rcsting. 
Ho\vcvcr. consistent fucl r i l ing was no1 
possible and a spccial fccd-prcpr;ltion 
and -h:~ndling system would bc ncccaury 
to control fincs. 

Reliability o f  the original under-bed 
fccd systcm was no1 satisfactory. Plug- 
ging caused by high moisture and large 
particles. and erosion o f  thc fetd pump 
and supply lincs. wcrc among the prob 
lems. Redsign of thc systeni. usc of 
war-rcsirtant materials. lowcr tr;ln\port 
vclocitics. and othcr changcs havc shcc 
irnprovcd rcliobility considerably. 

m Corrosion and crosion of i n - k d  
tubes and tube supports h;ivc bccn wi~hin 
;~cccpl;~blc linrits. \\'car associated ui lh 
thc Sh-210-A1 in-bcd cvilporalor bun- 
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In-bed SO, casture popular in US, 
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dle. SA-213 superheater tubes. and TR- 
304H tube supports are monitored at 
500-hr intervals. 

Plan8 for the 160-MW unit call for n 
balanced-draft. drum-type. bubbling-bed 
boiler to supply 1800-psig/ 1000F main 
steam to the existing high-pressure tur- 
bine and 450-psig/1000F rehut' steam 

in their throwing distance. Thus. the 
furnace for 3 160-X1W. single-bed unit 
would have to be about 70 X 36 ft in 
plan. A 500-MW unit would be half a 
football field in lcngth or longer. Use of 
an undcr-bcd fced system. by contrast. 
allows an evenly distributed flow of coal 
and limestone to a furnace of any dimen- 
sion. so a more economical shape can be 

fortably as long as the surface moisture 
in the raw coal is 16% or lest. 

Prepared coal and limestone. stored 
separately, are fed from their respective 
silos through r system of pressure and 
gravimctric feeders and charging hop  
pen-where they are mixed-to I2 fuel 
dis~ributors, so-called bottles. The cn- 
l a rgd  view of a bottle in the illustration 
shows that i t  is a fluidized fecder with a 
central inlet and 10 2%-in.-diameter out- 
let fuel lines arranged concentrically 
around the inlet. The ruel-transport 
blowers pressurize the bottles to between 
3.5 and 4 psig. enough to transport the 
coal/sorbent mixture to the furnace. The 
fluidizing velocity is 10 ft/sec. Designers 
say a bottle is analogous to a burner and 
that turndown o f  a fluidized-bed boiler 
using such a system is accomplished in 
the same way as load reduction on a 
pulverized-coal-fired unit. 

The TVA  160-MW unit would have 

to the low-pressure turbine from the 
combustion of high-sulfur bituminous 
coal. An expansion joint in the freeboard 
section will allow a combination t op  and 
bottom-supported unit. like Black Dog 
Unit 2. Fuel and sorbcnt feed wi l l  be 
from under the bed. 

Bear in mind that an under-bed feed 
system is a virtual necessity for utility- 
size boilers designed with a single bub- 
bling bed (an alternative could be the use 

I of multiple stacked bcds). Hcre's why: 
Over-bed feeders require a long. narrow 
furnace to ensure good fuel distribution 

I from spreader stokers. which are lin~ited 

used. 
The feed system being considered by 

TVA. jointly designed by Combustion 
Engineering and Power Recovery Sys- 
tcms Inc. i s  a modified version of what 
the now-defunct Energy Resources Co 
installed in Texas Tar Sands Ltd's bub- 
bling-bed boiler. PRS purchased the flu- 
idized-bed division of ERCO when i t  
went bankrupt. The system, illustmted in 
Fig 4. usa a crusher/dryer to prepire 
the coal to thcse key specifiations: '(4 in. 
x 0. less than 6% surface moisture. The 
second condi~ion can be achieved com- 
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its bcd divided into six firing zona wch C m  Bencamvaham 
with two bottl~s. or 20 fucl lines. serving 
an area of about400 TI'. Plugging of f a d  
lines c a d  by excessive surface mois- 
ture is not expctcd to be a problem. A 
rule of  thumb that coma from pilot- 
plant experience says that you won't plug 
the fccd system if coal flows freely from 
storage silos. 

Overseas developments 
The largest fluidized-bed boiler unda  

construction outside the US reportedly is 
the CFB Lurgi GmbH is building for the 
West German city o f  Duisburg. When 
operation begins late this yar,  i t  will 
have the capability to produce up to 140 
M W  of district h u t  together with 70 
M W  of electric power and have the 
flexibility to generate up to 100 M W  
when no district h a t  is needed. In  the 
optimum cogeneration mode. designcn 
say. plant eflicicncy will exceed 90%. 

Boiler for the reheal unit i s  sized to 
produce 595,000 Ib /h r  o f  2100- 
psigI995F main steam. The water-cooled 
combustion chamber feeds hot solids via 4. 
cyclonc separators (arrangement of com- 
bustor and cyclones is similar to that at 
h'ucla station) to two fluidized-bed h a t  

Spent-bed dram 7 
5-6. General Motor8 Corp starts up two CFB . 
boilers using the multi-solids Combustion process in 
1986. Units will burn coal to produce 150,000 IWhr 
of 700-psigI755F steam (left). Foster Wheeler 
recently announced plans to offer circulating 
fluidized-bed boilers of its design (above) 

- I... F o b r u y  leas 

. .-a-.. 



List of AFB boiler installations includi!~ 
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exchangers arranged in parallel. Thcse 
extcrnal hcot exchangers (EHX) allow 
indepcndcnt control of superhat and 

contain little carbon. Erosion/corrosion 
in the imrncned tube bundle is not a 
consideration because of the low fluidiz- 
ing vciocity and the low level of combus- 
tion. 

To compete against CFB systems, 
Dcutsche Babcock AG (DB).  West Ger- 
many's largest boiler manufacturer. is 
olrcring high-recycle-rate bubbling-bed 
syctcms in sizes up to 150 M\V (elcctric 
rating). designed to meet the stringcnt 
ncvi fcderal btandards for SO! and NO, 
control while economizing sorbent and 
achisv~ng combustion elticiencics com- 
p~rable to those olfered by pulverized- 
c o ~ l  tiring. External recirculation rates 
range from 10 to 15 Ib of solids recycle 
per Ib of fuel added. D B  engineers say 
the bubbling bed is less cxpcnsive to 
build and operate than CFBs for ut i l i ty 
b ~ l e r s  of comparable size. 

Such high rccirculation ratcs. whilc 
improving SO, capturc and carbon burn- 
out. 3 \ 5 0 .  cool the bed. rcducing the . 

.amount or in-bcd surface required to 

maintain the optimum temperature for 
SO, and NO, control. Decreasing the 
amount o f  heat absorption in the bed was 
a Dl3 design objective. The company has 
had its share of erosion problems. pri- 
marily in  the Atlas Consolidated Mining 
& Development Carp units. located i n  
the Philippines. Erosion there was cor- 
rected by replacing the original in-bed 
bundle with expensive square tubes (pro- 

reheat temperatures. The dust collector 
is 3 hot c lectrwta~ic precipitator. 

One advantage of  having an cxternal 
heat exchanger in  a C F B  is  that i t  can 
easily compcnute for variations in  com- 
bustor heat absorption caused by 
changes in  rucl propcrtics and load con- 
ditions- that is. heat absorption in the 
E H X  is increased when combustor 
absorption drops and vice versa. Thus. i t  

is possible to maintain the optimum lcvcl 
of combustor performance at al l  t ima.  

An E H X  tsscntially is a rcfractory- 
lined box containing an air-distribution 
grid and an immersed tube bundle 
designud to cool hot solids dclivcied by 
the cyclone and then return them to the 
combus~or. f luidizing velocity is low 
( las  than 3 ft/scc). solids density and 
heat-transfer coclficicnts very high. 
Thcre is viitually no combustion in the 
EHX bccause the solids bcing rccyclcd 

duction tubes that i n  cross section resem- 
ble square bar stock with a hole drilled in  
the middle). T h a c  tubes are welded 
.together. one over the other. in stacks o f  
four. 

Recent studies conducted by the man: 
ufacturcr indicate that the most econom- 
ical way to avoid erosion is to use refnc-  
tory-covered witerwall  sections as the 
in-bed heat-transfer surfacc. This way, 
the bubbling solids essentially impinge 
on orily the refractory covering the low- 
est tube in  the stack. Most o f  the h e a ~  
relcased in' the D B  bubbling-bed stcam 
generator is captured in  the convectiJe 





race. Combustion tralpcr:lture is con- Regarding absorption of SO,. cxpc- the origin:~l l l l~l~1-*pr;ty co;ltiny worn 
lroll'd under normal kunditions to 1650F ricncc with good ~ t ~ l l ~  i ~ n d  pr;lctiwl away; new coating was ;~pplicd and 
f SO deg F by thc rcinjcction of rch-  limcstonc~ in  bubbling-bcd boilers indi- w a r  lins made popular by the Chin~%c 
tivcly ctml a h ,  fucl, and l inwtonc via catcs that about 80% retention is (POWER. March 1983. p 59) were welded 
ports in  both the oxidizing and rctlucing r~yu i rcd  to mrst thc co~trmonly s p ~ i f i c d  to the tuks .  After'anothcr IO.oO0 hours. 
zon'5 o f  the combustor. Rccyclc d hot cmisions standard of I.? Ib SO:/n~illion the t u k r  itnd fins Itavc exhibited only 
sc,li& is used tr, incrc3~c the rmidcnce Btu hc;lt inpul. A rule o f  thu~rrb is that a some n~ ino r  ~ IC~PI  loss. 
t i n~e  o f  dill icult-tuburn fuels-such u C a S  ratio of 2 a n  achieve this lcvcl 
pctrolcunr cuke-and to allow fast start- when operating in a str~dy-state condi- ndw-.. rugg..t.dt.* 

up o f  the system. tion with the bcd t cmpr i t u rc  c l ~ c  to 
1 ~ t ' - C u n $ * ~ ~ c B ~ ~ ~  s u l u d  

Foster Whcclcr's new CFB (Fig 6) I55OF. 
6m(ogmm. 

COJ TUWUMOW 84, nouatm. ~ormbr  IOU 
incorpor;ltcs drsiyn featurcs that havc Limcstonc consumption at a Ca;S 2 F A  waod~ a. M B -run. nd K J  

worked wcll in the cumpany's bubbling- ratio of 2 i s  6% Ib/lb o f  sulfur in  the ~ ~ - & ~ ~ ~ e ~ ~ $ ~ u B  
bcd units. Thcsc includc: coal. Rut. rcmcmbcr that kcausc bed g-acing atatm. JOIIII p a r  ~ r r r a u o n  

CMIW-, rwmto, OCIOW 1084 A water-cooled plsnum and grid tcmpcrature and l u ~ d  are \.;~riable in  , EnpsIram (A Ahlrlram Pyo(la-MulU. 

pl;~te to elinlinatc problcms rcsultinj most cases. the actual limestone supply IUJ CFBC ~o l l v  rim mlnmvm mp.c( IM 

rrom grid-platc Isakape and to allow must incorporate a modcratc u f c t y  fac- ~ ~ l . F l u i d i z * C o ~ ~ m l w ~   ond don. ~ c l o b r  I984 

quick startup by in-plcnum burncn. tor. Recycle. of course. inrprovcs sorbcnt 4 J R ~,,lrolrr(ti ( ~ ~ l t -  stat" ~orrr ~ o ) .  B c 
A hot-recyck cyclone spcia l ly  cn- ut i l iut ion. The tabular material on K t i o p . ~  ( S t o ~  6 Wabstr E ~ m r i n g  COWL 

and A L G m b k  (Foster W W  E w g y  C w L  ginccrcd for rapid startup and minimum pagcs S.8 and S.12 gives actual Ca:S r.dusli,,,,. md ,,,. 
refractory maintcn;lncc. ratios for kcy units. When rcvicwing this oxtansion throuqh AFBC ratrof~l. Joan1 P- 

Mcmbranc waterwall surfacc ex- information. bcar in  mind that i t  was ~ $ ~ ~ ~ ~ l ~ ~ ~ ~ ~ ; $ ~ ~ ~ ; ~ ~ ~ ~ ~ ~  
tending the full lcngth o f  the conrbus- providcd by the boiler manufacturer. not *ma- wmmuy I- NA'S 2 0 . ~ ~  AFBC 

tor. the uscr. plot plant. Fluidized Combuslm &nlu.nc~ 
London. Octoba 1984 

Unit shown. with a two-drum boiler Availability data given on pagcs S.6 6 s oarcinp (c,,,,,~,~,~ mrmnp inc) 
bank. i s  for pressures up to about YO0 and S.10 indicate how Iluidizcd-bed boil- oth.n. A d v m l q n o l  th .  LurWGE CFB ~XJUU 

psig; a single-drunr design would be used crs arc performing under actual industri- ~ ~ ~ ~ ~ ~ ~ ~ b d ' ~ 4 ~ ~ <  
for hiyher pressures. Gnit sizes extend a1 conditions. Unfortunately. most man- ~0vemb.r 1984 

up to 700.000 Ib/hr. u hcturers com pled ng POWER'S qucstion- ' & " , : , " ~ ~ ) K ~ d ' ~ ~ ~ ~ x " f L $ ~ ~ w L  cR 
naira did not havc access 10 the ncccs- s t a m  pamatian. Maeling 01 IM P.QIIC ~ o u (  Bubbling-bed boilers sary plant data or the plants were not ~ ~ 2 i ~ l i d s ; i ~ ; ~ ~ , " ~ , ' E  

Bubbling-bed steam generators come keeping this information. proems& f ~ i ~ q  stokr CQCP. w0tcmst.r. MLIL 
in a variety of designs-including water- The first seven months of operating 19Q 

tubc. Rrctubc. and combination water- experience for the I 20.000-l b/hr single- : \ C ~ ~ ~ ~ , " ~ ~ ; * ~ ~ ~ ~ ~ ~ L d  
tubc/firctube types; units with single or ccll bubbling-bed boiler installed at Mid- SOIMS areu~acm botiu commama want. 
dual kds.  both shallow and deep. etc. west Solvcnts Co, Pekin. Ill. illustrate ~ ~ ~ ~ ~ ~ P ~ ~ ~ ~ ~ L ~ I ~ ~ ~ a I n g  
Sizcs range from the smallcst AFB boil- just how far thc technology has comc in . ~ ~ ~ ~ t h n ~ i d ~ ~ - ~ ~ ~ m u t ~ o r r ) n  
crs offercd to the largcst. as evidcnccd by a few short ymrs. The first coal Hre in  lgmfl" b o i m .  FwSt intm(iona Flui*- 

8.bComMtim and A p p l i - T d U W b W  
TVA's commitment. the unit was ignited last May. only 16 symW. 19a 

For capacities less than about 50,000 months after contract award. Through 11 J Hlghlw(Nal~mU CoU eoudr Dmtoprwn( 

Ib/hr. horizontal firetubc designs gcner- the end of November. availability of the ~ t ~ f I w l - F l u c ~ ~ s & ~ ~ ~  
ally are most economical. though vertical unit was 93.3% with no forced outaga. ~pplled-rlchno100y sympo~um M- 
firctubc~ arc appropriate for outpu~s Openton consistently have been able to 

12 ~J"$wl('s~OM Johnrtm Corpb 
below 10.000 Ib/hr. Hybrid boilers. con- turn down the boiler to 15% o f  rated load .xp.r- ~ ~ ~ t r * l  ~ ~ k ~ ~ d  firetub 
sisting of a watertube cornbuslion cham- and regularly have increased steam out- FBC boilars, mdk.d C o m b a m  C m l w m  

London. 0cIob.r 1984 
bcr and tirctubc convection section. c ~ n  put by as much as 20.000 Ib/hr ovcr a l3 ,EPAI, .nd 
extend the rangc o f  relatively low-cost 30-scc period without more than a IS- cou 8oud1. ~a1mri.1~ iuuar h 

construction up to about 90.000 lb/hr 20-psi drop in  outlet prcssurc. Thrsc load " , , ~ ~ ~ , ! ~ ~ ~ ~ M ~ . b ~ ~ " , .  
and increase the nominal 300-psig pru -  changcs have been accomplished with octokr 1984 

sure limit on firetube boilers to  500 psig. the unit in automatic control. 14 H KOWO (studs'4vik Enwgilaitnik AOL A 
discusrion 01 tha opmrat~on and pmriorm- at 

Watertube AFB boilers generally are Erosion of in-bed tubes is an arca l 2.SMWI last IIUI,~~U.~-M -~USIW and l 
specified for outputs above about 50.000 of concern in the design and operation of 16-MWt bubbling-bed  combust^. fluidad 

Combustion C o n 1 . r ~ .  London, Octoba 1984 Ib/hr and for high pressura. bubbling-bed boilers. Though the litera- B Lac)tnr, And.rrron   ha,,,.,, 
The price o f  bubbling-bed steam sys- lure (Refs 13. 14. 15) rcveals wear prob- univwriw). 0puatiar.r  tuucts tram th.  

MW1 FBB at Ih. Chalnnrr Uniwruly. Fluldud terns is dropping as experience builds lcms. many b i l c r s  opcrate with negligi- Conlu.nu. London, ,084 

and manufacturers can better prcdict ble erosion. Encouraging news on indus- 
performance and the c a t  o r  construe- try's ability to dcal with crosion comes 
tion. In  fact. you no longcr have to pay a from Csntral Soya Co. Marion. Ohio. 
prcmium for the fuel flexibility and pol- where a 40,000-lb/hr firctube unit tvcnt 
lution control offered by AFB-boilcr into service in April 1980. . 
plants rated 1- than about 200.000 By thc end of 1981. after 6300 hours 
Ib/hr. They can be had. from a t  least of operation. sidewall wear o f  up to 
some manufacturers. for about the same 0.080 in. was noticcd; weld-buildup and 
price as an unscrubbcd stoker-fircd facil- a metal-spray trcatmcnl wcre prescribed. 
ity. Combustion-clticiency guamntces of After 10.500 hours. I 2  in-bcd t u b a  had 
97-98s can be ob ta ind  when quality to be rcplacsd with Schedule 80 p i p .  
coals are burncd. Only 4 0  hours Iatcr. operators found 



PRELlMIlURY AFBC BOILER VENDOR CWARISW Apri l .  1985 
Grant 

Vendor BY CE LUR P C  fUC * M KW PYR * A t &  RS SJC m YDll 

Bof l e r  Type Y t  Y t Y t  Y t  W t  Yt* Ut Ut NO Ut F t  Yt Yt 
3 Crprclty, 10 pph 20-224 1-65Ot 210-594 5 0 ~ 1 3 5  10,1039 25-11? 1 3 4 7 7  8 8 H 2 5  44-264 150. 3-50 5-50 5 0 4  

Po psi9 150-2400 NO NO 6204500  125c1525 350' 1254310 19W1510 130-1215 TOO* 150* 2450+2650 165-650 

T ,  OF 955+1000 ND NO 6 2 0 4  000 Satc1005 Sat* Sat-900 Srt-1005 51-70 755. Srt*  kt Sat 

Combustton System Type Bb, Cb NO NO Bb Bb Cb* Bb, Cb Cb Cb tb Bb Cb 8b 

Fuel c. Y C C C, l C C.PrY C.U C C. U. Pt C.  st C, 0. IG. r t c  C. Pet. Ck. C 

Fuel Sfze, Hrr, Inches 3, 1/4. NO NO 16 wsh*  2, 11. 1 2! Ii*. I 1 10 2 11. 21 1 
Sorbent Slze 118 X 0 NO NO 5/16X16a 118X16m NAP ND NO NO NO 10 10 1x0, I/BXO 

Fuel In jec t ion  Method OtB. OvB, UnB NO NO DlB*, OvB, UnB OvB OvB OvB 01 8 NO Or0 018 01 B 018 

Clrculat lon thru tubes For NO NO For Nr t  For Nat WP NAP For Irt For For 

SWOLS:  BY - Brbcock I Yllcox CO. Bb - Bubbling bed . Pt - Pert  NOTE: 
CE - Canbustion Engineering C - Coal, Coal waste Sat - Saturated 
LUR - Lurgi Cb - Clrculat tng bed Un8 - Under bed 1. Also w n l c f p r l  wastes. 
CPC - Canbustlon Power Co. 010 - Di rec t ly  t n to  bed Y - Wood, wood waste aunictpal rludgrs, t t r r s .  
N C  - Foster Wheeler Corp. For - Forced c i rcu la t ion  Yst - Hlscel lmtous wastes p e t r o l e u  coke. 
N - Foster Wheeler Power Products Ltd. F t  - Flre-tubr Ut - Uater tube 
KM) - Kee ler lh r r -Ol iver  - mesh 4+ - Affiliated conpanlrs 
PYR - Pyropaer.  Hat - Natural c l rcu la t lon  - Typicr l  
AHL - A. Ah ls t rm Co. EP - Not applicable 
RS - Ri ley Stoker Corp. - No data 
SJC - Stone Johnston Corp. NG - Natural Gas 
SWC - Struthers Ue l ls  Corp. 0 -011  
NOR - Y o m e r  Engineering. Inc. OvB - Overbed 

Pet. Ck. - Petroleum coke 
PrY - Process wastes 



ATTACHMENT F 

AFBC BOILER DESIGN VARIABLE (CAUSE) vs. EJTECT W R I X  

A p r i l ,  1985 

Grant Brown 



APPENDIX G 

Contents  o f  Supplementary volume* 

R o t a r y  D r i l l  Hole Logs - 1985 F i e l d  Program 

Core  Logs - 1985  F i e l d  Program 

Downhole Geophysics Logs - 1985 F i e l d  Program 

S u r f a c e  Magnetic Survey Data 

P l a t e  G - 1  -- I n t e r p r e t e d  Magnetic Data of the  
Chicago Creek  Area 

P l a t e  G-2 -- Overlay o f  G - 1  -- 1983 and 1984 
Magnetic P r o f i l e s  

P l a t e  G-3 -- Geologic  Map o f  t h e  ch i cago  Creek 
Area (1" = 1 , 3 2 0 ' )  

* 
Supplementary mate r i a l  on f i l e  wi th  t h e  Alaska Division of Geological 

and Geophysical Surveys, Fairbanks. 



LITHOLOGIC LOG OF CUTTINGS 

COMPANY HAWLEY RESOUPCE GROUP ADDRESS 7011 OLD SEWPRQ HWY. AANCCI.? AK* 9950L 
PROJECT CH ICAGO CREEK STARTED /e5 COMPLETED 
CONTRACTOR GEOPHYSICAL LOGS LOGGED BY 
SAMPLES DESCRIBED BY: p. H I  ~ E - T ~ ( E P F ~ R ~  T.D. 34-0 DIAM. 4 3/+" 

LOCATION: SEC. 2z T. 6 ~ .  R. l 0 ~ .  MERIDIAN KNEEL RIVER MEIZ- 
3cz7' S o u r t i  GI= L H I C ~ O  c REEK 



LITHOLOGIC LOG OF CUTTINGS HOLE NO. - 1 - F; S PAGE Z 

COMPANY MAWLEY &ZOLAELE ADDRESS 7011 a 0  ~ E V J A E P  Pw< AI~L'., hkS?"z 
PROJECT CHICAGU GREEK STARTED &/'3/@5 COMPLETED 

CONTRACTOR GEOPHYSICAL LOGS LOGGED BY 
S A M P L E S  DESCRIBED BY: RE~HCLFOED T.D. 340 F7. DIAM. 4 '/4" 

LOCATION : SEC. z z  T. 6 t ~ '  R. I ~ W .  MERIDIANKA-L ~ V C L  MER, 
300 fscr ~ O L I T C I  eF Lt-tr6Ac.w ~ r t E € c  



LITHOLOGIC LOG OF CUTTINGS HOLE NO, - ' - e'5 PAGE I L'F S' 

COMPANY HAWLEY RESOL~~CE GROUP ADDRESS 701 OLD SEWPRD UWY. ANCH., AK 9950L 
PROJECT GH ICAGO CREEK STARTED 6/20/@5 COMPLETED 

CONTRACTOR tK q i ~ ~ E R ~ ~  E q  efTlIccF~@v GEOPHYSICAL LOGS LOGGED BY 
SAMPLES DESCRIBED BY: T.D. 4Qa F-r. DIAM. 

LOCATION : SEC. zZ T. 6 ~ .  R. l0W. MERIDIAN KMEEL RIVER Mmm 

DRILLER 



--7 

LITHOLOGIC LOG OF CUTTINGS HOLE NO, I.'// - - >-. ' PAGE L G F  

COMPANY RAWLEY & s n d n c ~  GROUP ADDRESS W I I  a~ f ~ v ~ k i l ~  Hw% ANC-.) /ii?9?;7~ 
PROJECT C H J C A ~ ; ~  CRECK STARTED COMPLETED 

CONTRACTOR GEOPHYSICAL LOGS LOGGED BY 
SAMPLES DESCRIBED BY: TK.u / E,q.Q.. T.D. 400 FT DIAM. 
LOCATION : SEC. 

- LZ T. C?, u *  R. I@W* MERIDIAN fZrv~R 

DRILLER 



LITHOLOGIC LOG OF CUTTINGS HOLE NO, PH - 3 - 6 7 PAGE ' OF 

COMPANY HAWLEY RESOUPCE GROUP ADDRESS 7011 OLD SEWPRO UWY. ANCII, A14 9950L 
PROJECT GH ICAGO CREEK STARTED COMPLETED 

CONTRACTOR GEOPHYSICAL LOGS LOGGED BY 
SAMPLES DESCRIBED BY: TK l  HIN-~DERMAM 1 I?wR T.D. 337 Fr DIAM. 

LOCATI0N:SEC. z2 T. 6 ~ .  R. l0W. MERIDIAN KATEEL RIVER Mm- 

DRILLER 



- 
LITHOLOGIC LOG OF CUTTINGS HOLE NO, 17q. - c. - 5 PAGE cZ r/c Z 

fin- 
COMPANY HAWLEY &.z.nuec~ GROUP ADDRESS ~ U I /  LXC SEWAEV /-:\&I\/. Auc~., AL-./Y?DZ 
PROJECT C HJCAGU G g ~ E l c  STARTED COMPLETED 

CONTRACTOR GEOPHYSICAL LOGS LOGGED BY 
SAMPLES DESCRIBED BY: T8Kb A T.D. 370 F - f t  DIAM. 

LOCATION: SEC. Z Z  T. b d e  R. 19W. MERIDIAN K A ~ L  EVER W E R d  

DRILLER 



LITHOLOGIC LOG CUTTINGS PAGE I OF I 

PROJECT CHICAGO CREEK STARTED COMPLETED 

CONTRACTOR GEOPHYSICAL LOGS LOGGED BY 
SAMPLES DESCRIBED BY: K H I ~ ~ Q E R W A ~ J  T.D. 95 FT DI AM. 
LOCATION : SEC. 22 T. 6 ~ .  R. l0W' MERIDIAN KP;TE€L RIVER MEPI- 



LITHOLOGIC LOG OF CUTTINGS HOLE NO, C/h- 5- - !,? PAGE OF 

COMPANY MAWLEY RESOVPCE GROUP ADDRESS 7.11 OLD SWMD HWY. A*Jcu.? AK 9950t 
PROJECT CH ICA(;;O CREEK STARTED COMPLETED 

CONTRACTOR GEOPHYSICAL LOGS LOGGED BY 
SAMPLES DESCRIBED BY: T c .  I i t ~ ~ g ~ ~ ~  T.D. 41 o FT. D I A M. 
LOCATION : SEC. z2 T. 6 ~ .  R. law. MERIDIAN KNEEL RIVER ME% 

DRILLER 

t'nucl, to It. p r o a  



LITHOLOGIC LOG OF CUTTINGS HOLE NO, 2 z - 5- c; I -  8 : /' -‘ PAGE /C Of= Z 

COMPANY HAWLEI/ &snuec~  GROUP ADDRESS 7011 a~ GEWACP Rw$ At~~ l i . !  AI :~SFDZ 
PROJECT C H ~ c ~ d o  ~ c z = E = K  STARTED COMPLETED 

CONTRACTOR GEOPHYSICAL LOGS LOGGED BY 
SAMPLES DESCRIBED BY: T8 Y F I Q D E E ~ A ~  T.D. 4 ' 0  DIAM. 
LOCATION: SEC. z z  T. R. lev/* MERIDIAN KAGL ~ V C L  E-(EL 

DRILLER 



LITHOLOGIC LOG OF CUTTINGS HOLE NO, (lti - L-. - :-,~:l 

COMPANY HAWLEY RESOUICE GROUP ADDRESS 7011 OLD SEWPRO UWY. ANCC~.? AK 99501. 
PROJECT CH ICAGO CREEK STARTED COMPLETED 

CONTRACTOR GEOPHYSICAL LOGS LOGGED BY 
SAMPLES DESCRIBED BY: T.D. 55 DIAM. 
LOCATION : SEC. 2z T. 6 ~ .  R. l0W. MERIDIAN KP~EEL RIVER MER* 

DRILLER 



LITHOLOGIC LOG OF CUTTINGS HOLE NO. 1. '14 - & G ,  - I < ' - ~ . F -  PAGE I "F 1 

COMPANY HAWLEY RESOUPCE GROUP ADDRESS 7011 OLD SWARD HWI ANCH., A' 9950L 
PROJECT GH IGAGO CREEK STARTED COMPLETED 

CONTRACTOR GEOPHYSICAL LOGS LOGGED BY 
SAMPLES DESCRIBED BY: T*K, H \ ~ D E R Y A ~ J  T.D. 36 FT DIAM. 
LOCATION : SEC. zz T. 6 ~ .  R. 10 W. MERIDIAN KNEEL RIVER MEC- 



-- 
LITHOLOGIC LOG OF CUTTINGS HOLE NO. 

- + - &s 
PAGE OF 

COMPANY HAWLEY RESOUPCE GROUP ADDRESS 7011 AD SWMD UWV- A*)cu-? AK- 99502 
PROJECT GH ICAGO CREEK STARTED COMPLETED 

CONTRACTOR GEOPHYSICAL LOGS LOGGED BY 
SAMPLES DESCRIBED BY: T K .  * l rc lwhRMCU3 T.D. \go DIAM. 

LOCATION : SEC. 2 2  T, 6 ~ .  R. l0W. MERIDIAN KPI~EEL RIVER MW- 

DRILLER 
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LITHOLOGIC LOG OF CUTTINGS HOLE NO. r/ I-\ -- 9-l. - G5< PAGE ' OF 

COMPANY HAWLEY RESOURCE GROUP ADDRESS 7011 OLD SWMO HWY. ANCH., AK* 9950t 
PROJECT GH ICAGO CREEK STARTED COMPLETED 

CONTRACTOR GEOPHYSICAL LOGS LOGGED BY 
SAMPLES DESCRIBED BY:TKo Hl@EfZflatJ T.D. \ I 0 1=c-r DIAM. 
LOCATION: SEC. zZ T. 6 ~ .  R. IBW- MERIDIAN KPTEEL RIVER M e -  

DRILLER 



LITHOLOGIC LOG OF CUT'TINGS NO r/ ii - '-) -t=i'7' PAGE OF 1 

COMPANY C~AWLEY &SOUPCE GROUP ADDRESS 7011 OLD SWMD HWV. A A I ~ . ,  AK- 9950L 
PROJECT CH IGAGO CREEK STARTED COMPLETED 

CONTRACTOR GEOPHYSICAL LOGS LOGGED BY 
SAMPLES DESCRIBED BY: r g .  li l'40ceM4+4 T.D. I35 FT, DIAM. 
LOCATION : SEC. 22 T. 6 ~ .  R. I 0 W -  MERIDIAN K A ~ E E L  RIVER Mm- 



LITHOLOGIC LOG CUTTINGS HOLE PAGE 

PROJECT GH ICAGO CREEK STARTED COMPLETED 
CONTRACTOR GEOPHYSICAL LOGS LOGGED BY 
SAMPLES DESCRIBED BY: f; K 1 k l l d ~ ~ q ~ u u  T.D. FU FTl DIAM. 
LOCATION: SEC. zz T. 6 ~ .  R. l0W. MERIDIAN KNEEL RIVER MEE- 

DRILLER 



LITHOLOGIC LOG OF CUTTINGS HOLE NO. I/ ki - I L \'\/I- A ~ ?  PAGE C, 1- I 

c o ~ p ~ ~ y  HAWLEV RESOUICE GROUP ADDRESS ?MI OLD SEWPRD HWY. ANCCI., 4K 9950L 
PROJECT GH I GAGO CREEK STARTED COMPLETED 

CONTRACTOR GEOPHYS lCAL LOGS LOGGED BY 
SAMPLES DESCRIBED BY: I C ~  4.1, T.D. Za  Fr .  DIAM. 
LOCATION: SEC. 2z  T. 6 ~ .  R. law. MERIDIAN KNEEL RIVER 



LITHOLOGIC LOG OF CUTTINGS 
, . ..~ 

HOLE NO. I,' b!, - ( L. cL.' f - r; .- 

PROJECT CH ICAC~O CREEK STARTED COMPLETED 
CONTRACTOR GEOPHYSICAL LOGS LOGGED BY 
SAMPLES DESCRIBED BY: 71 K.a H I  T.D. Fr DIAM. 
LOCATION: SEC. 22 T. 6 ~ .  R. I0 W- MERIDIAN KATEEL RIVER Mm- 

broke b i f  
a b brdor\Qd 
hola 



LITHOLOGIC LOG OF CUTTINGS HOLE NO, b 4 - \ I -  PAGE I OC- 1 

COMPANY HAWLEV HA SOURCE GROUP ADDRESS 701 OLD SWMD HwV. AwH.? AK 9950t 
PROJECT CH ICAGO CREEK STARTED COMPLETED 

CONTRACTOR GEOPHYS ICAL LOGS LOGGED BY 
SAMPLES DESCRIBED BY:TKs q l d v E R M A ~  T.D. 105 fT; DIAM. 
LOCATION : SEC. 2z T. 6 ~ .  R. Jew. MERIDIAN KATEEL RIVER Mm- 



LITHOLOGIC LOG OF CUTTINGS HOLE NO. 
; ,I-; - 1 f - '.-, . PAGE 1 (Itz 1 

COMPANY HAWLEY RESOUPCE GROUP ADDRESS 7011 OLD SWPRD HWY. AAEICU.? AK 995~72 
PROJECT CH CAGO CREEK STARTED COMPLETED 

CONTRACTOR GEOPHYSICAL LOGS LOGGED BY 
SAMPLES DESCRIBED BY: 7 k. HI  "DCer\AfJ T.D. 105 FTd DIAM. 
LOCATION: SEC. T. 6 ~ .  R. l 0W-  MERIDIAN KNEEL RIVER MEIZ. 
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LITHOLOGIC LOG OF CUTTINGS HOLE NO i , c i  - 13 - y L  PAGE 1 c , J l c  1 

COMPANY HAWLEY RESOIJICE GROUP ADDRESS 7011 OLD SEWMD HWV. AAUCU., AK. 9950t 
PROJECT GH ICAGO CREEK STARTED COMPLETED 

CONTRACTOR GEOPHYS lCAL LOGS LOGGED BY 
SAMPLES DESCRIBED BY: H l u o E ~ m 4 c J  T.D. 210 FT. DIAM. 
LOCATION: SEC. IZZ T. 6 ~ .  R. law. MERIDIAN K A ~ E E L  RIVER Mm- 

DRILLER 
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LITHOLOGIC LOG OF CUTTINGS HOLE NO. 1/ ti - -' 6? ?' PAGE OF --\ 

COMPANY HAWLEY RESOUPCE GROUP ADDRESS 7011 OLD ~ W M D  ANCCI*, AK 995m 
P R o J ~ ~ ~  GH ICAGO CREEK STARTED COMPLETED 

CONTRACTOR GEOPHYSICAL LOGS LOGGED BY 
SAMPLES DESCRIBED BY: K-. F f i h , ~ ~ R f l ~ u  T.D. Z30 FT, DIAM. 
LOCATION : SEC. ZZ T. 6 ~ .  R. l 0W.  MERIDIAN K P ~ E E L  RIVER ME12- 

DRILLER 



LITHOLOGIC LOG OF CUTTINGS HOLE NO. 
7 H  - 1 4 C -  *5 PAGE I c < -  ) 

COMPANY MAWLEY RESOU~CE GROUP ADDRESS 701 OLD SWMO C(wK ANCH., 4K 9950L 
PROJECT CH IGAGO CREEK STARTED COMPLETED 

CONTRACTOR GEOPHYS ICAL LOGS LOGGED BY 
SAMPLES DESCRIBED BY: 7 ; L . M  T.D. d75 DIAM. 
LOCATION: SEC. zz T. 6 ~ .  R. I0W- MERIDIAN K A ~ E E L  RIVER MER. 

DRILLER 



LITHOLOGIC LOG OF CUTTINGS HOLE NO, t k  - I-':.\ - 5 I d -  PAGE I i ' I 

COMPANY HAWLEY RESOUPCE GROUP ADDRESS 7411 OLD SEWPRO HWK ANCH.? 4' 9950t 
PROJECT CHICAGO CREEK STARTED COMPLETED 

CONTRACTOR GEOPHYSICAL LOGS LOGGED BY 
SAMPLES DESCRIBED BY: T K - H  T.D. 4-9 FTb DIAM. 
LOCATI0N:SEC. 2z T. 6 ~ .  R. l0W- MERIDIAN K P ~ E E L  RIVER Mm- 

DRILLER 



LITHOLOGIC LOG OF CUTTINGS 

COMPANY HAWLEY RESOURCE GROUP ADDRESS 741 OLD SEWMD HWY. ANCH., AK 995at 
PROJECT CH IGAC;O CREEK STARTED COMPLETED 

CONTRACTOR GEOPHYSICAL LOGS LOGGED BY 
SAMPLES DESCRIBED BY: T c l  I - ( ld t7gkr lA~ T.D. DIAM. 
LOCATION: SEC. 22 T, 6 ~ .  R. l0W- MERIDIAN KNEEL RIVER M m -  

DRILLER 



LITHOLOGIC LOG OF CUTTINGS HOLE NO. V ~ I  - Ib - &i-, PAGE ( 0' 1 

COMPANY WAWLEY RESOIJPCE GROUP ADDRESS 7011 OLD SEWPRD Clw~ ANCU., A K  9950L 
PROJECT CHICAGO CREEK STARTED COMPLETED 

CONTRACTOR GEOPHYSICAL LOGS LOGGED BY 
SAMPLES DESCRIBED BY: RmHERFoa~ T.D. 5° FT* DIAM. 
LOCATION: SEC. z2 T. 6 ~ .  R. l 0 W .  MERIDIAN KA~EEL  RIVER MER. 

DRILLER 



LITHOLOGIC LOG OF CUTTINGS HOLE NO. 01-1 - ib W I - BF PAGE 1 6  \ -  ( 

COMPANY HAWLEY RESOUSCE GROUP ADDRESS 7011 01-0 %MRD ANCU.? 4K 9950L 
PROJECT GWICAG;O CREEK STARTED COMPLETED 
CONTRACTOR GEOPHYS lCAL LOGS LOGGED BY 
SAMPLES DESCRIBED BY: T.D. 35 FK DIAM. 
LOCATION : SEC. ZZ 1 6 ~ .  R. l0W. MERIDIAN KATEEL RIVER M e -  

DRILLER 



LITHOLOGIC LOG OF CUTTINGS HOLE NO, P N  - l & J ~ / ' - ~ " ~  PAGE I &'F I 

c o ~ p ~ ~ y  HAWLEY RESOUPCE GROUP ADDRESS 7011 OLD SWMD UWY. ANCU., A g  9950z 
PROJECT GH IGAGO CREEK STARTED COMPLETED 

CONTRACTOR GEOPHYSICAL LOGS LOGGED BY 
SAMPLES DESCRIBED BY: T K *  I TD . . 56 FT DIAM. 
LOCATION: SEC. ZZ T. 6 ~ .  R. l0w. MERIDIAN KATEEL RIVER Mm- 

DRILLER 



LITHOLOGIC LOG OF CUTTINGS HOLE NO. p H -  17 - 'dC PAGE 1 1 

COMPANY HAWLEY RESOUPCE GROUP ADDRESS 7011 OLD SWPRR CIwK ANCH., AK 9950t 
PROJECT GH IGAGO CREEK STARTED COMPLETED 

CONTRACTOR GEOPHYSICAL LOGS LOGGED BY 
S A M P L E S  DESCRIBED BY: T K .  H - l l r ~ o & e ~ 4 ~  T.D, Zlo PT. DIAM. 
LOCATION : SEC. zz T. 6 ~ .  R. l0W- MERIDIAN KATEEL RIVER Mm- 

DRILLER 

dull wad. 'or, 

q ~ d  b l a ~ k  layer  



LITHOLOGIC LOG OF CUTTINGS HOLE NO. i7H - l @  - 235 PAGE I OF 

PROJECT GH ICAC;O CREEK STARTED COMPLETED 

CONTRACTOR GEOPHYSICAL LOGS LOGGED BY 
SAMPLES DESCRIBED BY: T K  ~ ~ N D E K Y A U  T.D. 65 FT, DIAM. 
LOCATION : SEC. zz T. 6 N. R. I 0  W. MERIDIAN K A ~ E E L  RIVER MEPI- 

DRILLER 



LITHOLOGIC LOG OF CUTTINGS HOLE NO, Fcf.- 17 - @ G  PAGE \ OF 

c o ~ p ~ ~ y  HAWLEY RESOUPCE GROUP ADDRESS 7 . 1  AD SEWPRD CJwy- A~JcH-, AK 9950L 
PROJECT CHICAGO CREEK STARTED COMPLETED 
CONTRACTOR GEOPHYSICAL LOGS LOGGED BY T c H  
SAMPLES DESCRIBED BY: f;K. I N P Q ~ ~ A ~  T.D. 250 FC DIAM. 
LOCATION : SEC. 2z T ~ N .  ~ - 1 0 ~  MERIDIAN K P ~ E E L  RIVER ME)Z- 

DRI! iER 



r3y - 1 7 - P S  --7 LITHOLOGIC LOG OF CUTTINGS HOLE NO. PAGE C ' C ' F  

COMPANY ~ . W L E V  &SOUECE GPO(JP ADDRESS 7811 O*P GEWAEV /-/w% AUCY.) h i  C;13?~2 
PROJECT C HICAGU Ge~Elc  STARTED COMPLETED 

CONTRACTOR GEOPHYSICAL LOGS LOGGED BY l-lCtf 
SAMPLES DESCRIBED BY: flE. 4 a T.D. *5a DIAM. 
LOCATION : SEC. 1 2  T. b e  R. lev/* MERIDIAN ~A-L ~ U C R  

235 obuva, hqrd 
d r ~  \ I  i nq 

It. q r b y  skist; 
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LITHOLOGIC LOG OF CUTTINGS HOLE NO. pH - IL: W - 65 PAGE \ ot I 

COMPANY HAWLEY RESOUPCE GROUP ADDRESS 701 OLD SEWPRD HWY* ANCII.! AK. 9950L 
PROJECT GH ICAGO CREEK STARTED COMPLETED 

CONTRACTOR GEOPHYSICAL LOGS LOGGED BY 
SAMPLES DESCRIBED BY: T K .  I-I T.D. 65 FT DIAM. 
LOCATION: SEC. z2 T. 6 ~ .  R, IBW. MERIDIAN KA~EEL  RIVER Mm- 

DRILLER 



LITHOLOGIC LOG OF CUTTINGS HOLE NO, 7 bi - 2(/' + .  -' '>' PAGE 1 C-YF 

COMPANY MAWLEY RESOURCE GROUP ADDRESS 7011 OLD SWPRD HWY- ANCII.? AK 9 9 5 0 ~  
PROJECT GH ICAGO CREEK STARTED COMPLETED 

CONTRACTOR GEOPHYSICAL LOGS LOGGED BY 
SAMPLES DESCRIBED BY: T c l  HINDEQHA~ T. D. 6 5  FT, DIAM. 
LOCATION: SEC. T. 6 ~ .  R. law. MERIDIAN K P ~ E E L  RIVER Mm- 

DRILLER 



LlTHOLOGlC LOG OF CUTTINGS HOLE NO. PI-\ - 2 1 - 05 PAGE I OF 1 

COMPANY HAWLEY RESOUPCE GROUP ADDRESS 7 . 1  OLD SWARD U W ~  AIJCH.? AK 9950L 
PROJECT CH EAGO CREEK STARTED COMPLETED 

CONTRACTOR GEOPHYSICAL LOGS LOGGED BY 
SAMPLES DESCRIBED BY: -ITc* k l l ~ ~ ~ e n ~ d  T.D. 190 F5; DIAM. 
LOCATION : SEC. 2z T. 6 ~ .  R. 1 0 ~ .  MERIDIAN K A ~ E E L  RIVER MEIZ. 

DR l L LER 



LlTHOLOGlC LOG OF CUTTINGS HOLE NO. pH - 2z - B5 PAGE i OF I 

COMPANY HAWLEY RESOURCE GROUP ADDRESS 7011 OLD SEWPRD HWY. AIJCH., AK 995aL 
PROJECT GH 1c~c;o CREEK STARTED COMPLETED 
CONTRACTOR GEOPHYSICAL LOGS LOGGED BY 
SAMPLES DESCRIBED B Y : T c .  ~-\IHQFTEMA* T.D. mt DIAM. 
LOCATI0N:SEC. 22 T. 6 ~ .  R. l0W- MERIDIAN K A ~ E E L  RIVER ME/z- 

DRILLER 



LITHOLOGIC LOG OF CUTTINGS HOLE NO. "H - Z E 8 5  PAGE F I 

c o ~ p ~ ~ y  HAWLEY RESOURCE GROUP ADDRESS 701 OLD SEWPRD H*L/V- ANCH.? 4K- 9950L 
PROJECT CH ICA~;O CREEK STARTED COMPLETED 

CONTRACTOR GEOPHYSICAL LOGS LOGGED BY 
SAMPLES DESCRIBED BY: T.D. "3 FT# DIAM. 
LOCATlONrSEC. z2 T. 6 ~ .  R. l0W. MERIDIAN KNEEL RIVER Mm- 

DRILLER 



LITHOLOGIC LOG OF CUTTINGS HOLE NO, pH - 2 3 - 8 5  PAGE I oF 

COMPANY MAWLEY RESOUPCE GROUP ADDRESS 7011 OLD SEWPRD HWY. ANCH., 4' 995DL 
PROJECT GH ICAGO CREEK STARTED COMPLETED 
CONTRACTOR GEOPHYSICAL LOGS LOGGED BY 
SAMPLES DESCRIBED BY: TKe H l w p E R M A a  T.D. 270 FT. DIAM. 
LOCATION : SEC. zz T. 6 ~ .  R. l0W. MERIDIAN KNEEL RIVER Mm- 



i / H  - Z3 - 5'5 
LlTHOLOGlC LOG OF CUTTINGS HOLE NO. PAGE * OF 

HAWLEY E S D L ~ ~ ~ L E  GROUP WII a~ SEWAEV J-jwt A UL~, ,  A ~ ~ ~ F Q Z  
PROJECT C HJCA4o  CEEEK STARTED COMPLETED 

CONTRACTOR GEOPHYSICAL LOGS LOGGED BY 
SAMPLES DESCRIBED BY: Tkkl. T.D. ZTa F T  DIAM. 
LOCATION : SEC. Z Z  T. ~ I J U  R. l*w* MERIDIAN KA-L B V C ~  

DRILLER 



, )  .- 
LITHOLOGIC LOG OF CUTTINGS HOLE NO. : J  t i -  -'-i - ; - - * -  PAGE c rz ;:- 
COMPANY MAWLEV RESOUPCE GROUP ADDRESS 7011 OLD SEWPRO HwV* ANCH., A' 9950L 
PROJECT CHICAGO CREEK STARTED COMPLETED 

CONTRACTOR GEOPHYSICAL LOGS LOGGED BY 
SAMPLES DESCRIBED BY: TK, - ~ ~ D € A Y A ~  T.D. 2 50 DIAM. 
LOCATION : SEC. ZZ T. 6 ~ .  ~ . - 1 0 W .  MERIDIAN K A ~ E E L  RIVER MER- 

DRILLER 



LITHOLOGIC LOG OF CUTTINGS HOLE NO. V.H. - 24- -8 5 PAGE Z OF 7- 

COMPANY HAWLEY E s o u e c ~  G i n o u ~  ADDRESS ?g// RD SEWAEP Hw% Au~li.! A L ~ C I F D Z  
PROJECT C H j C A 6 U  Ge&&lc STARTED COMPLETED 

CONTRACTOR GEOPHYSICAL LOGS LOGGED BY 
SAMPLES DESCRIBED BY: TkH. T.D. 2 5 0 ?  DIAM. 
LOCATION : SEC. 27, T. b u *  R.-!5??'Wo M E R ~ D ~ A N  ICA~~-TU- ~ V E R  WER* 

DRILLER 



LITHOLOGIC LOG OF CUTTINGS HOLE NO \ ' \ I -  24-Ck''; I l ' F  1 

c o ~ p ~ ~ y  HAWLEY RESOVPCE GROUP ADDRESS 7011 AD SWARD HWY* ANCH.? AK 9950t 
PROJECT CH ICA(;O CREEK STARTED COMPLETED 

CONTRACTOR GEOPHYSICAL LOGS LOGGED BY 
SAMPLES DESCRIBED BY: HINDERMAN T.D. L Z G  FT DIAM. 
LOCATION : SEC. 2z T. 6 N. R. 10 W. MERIDIAN K P ~ E E L  RIVER MER- 



LITHOLOGIC LOG OF CUTTINGS HOLE NO. v - ;L( - -  : :7 PAGE I Z 

c o ~ p ~ p ~ y  HAWLEY RESOURCE GROUP ADDRESS 7011 OLD SEWNZD HWY. AAIJCH.? AK 9950L 
PROJECT GH ICAC~O CREEK STARTED COMPLETED 
CONTRACTOR GEOPHYSICAL LOGS LOGGED BY 
SAMPLES DESCRIBED BY: . H ' ~ V & R ~ A I J  T.D. 290 DIAM. 
LOCATION: SEC. *= T. 6 N. R.,  10 W- MERIDIAN K A ~ E E L  RIVER ME% 
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LITHOLOGIC LOG OF CUTTINGS HOLE NO, 214 - 2 ~ 2  - er.5 PAGE 2 "= Z 

COMPANY ~ . W L E Y  & S O U ~ L E  GROUP ADDRESS 7@/1 C ~ P  SEWAEP HLV'~. Auc~.? h i  9950~ 
PROJECT C H JCAGU CE ~ & l c .  STARTED COMPLETED 

CONTRACTOR GEOPHYSICAL LOGS LOGGED BY 
SAMPLES DESCRIBED BY: ~ ~ I H I  T.D. 2-70 FTd DIAM. 

LOCATION : SEC. Z Z  T. R. IeW* MERIDIAN ~ATCEL a w m  w€Rd 

DRILLER 



LITHOLOGIC LOG OF CUTTINGS HOLE NO, Pfl - 2-4 - 9.5 PAGE C~ 

COMPANY HAWLEY RESOURCE GROUP ADDRESS 7011 OLD SWMD H w ~  ANCH.? AK. 9950L 
PROJECT CH ICAGO CREEK STARTED COMPLETED 

CONTRACTOR GEOPHYSICAL LOGS LOGGED BY 
SAMPLES DESCRIBED BY: HW--W~.MAIJ T.D. SaG' F-f DIAM. 
LOCATION : SEC. * z  T. 6 ~ .  R. I 0 W -  MERIDIAN KATEEL RIVER M e -  

DRILLER 
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qcaw [, w d  chips 

~ O I ~ M ~ G T  qravdl ,  
9 r n s  mudin? 

iu, i .9. SOCIS. 

STAY *d fr-da bc, 
d s  - ica 



LITHOLOGIC LOG OF CUTTINGS 
p 1 \ - 'i--,+ - ;/ b?> 

HOLE NO. PAGE Z O F Z  

COMPANY I -~WLEV &SOUQLE GROUP ADDRESS 7011 d~ SEWAPD Ew< Au~e., A t 9 9 5 0 2  
PROJECT C ~ r c ~ 6 o  CREEK STARTED COMPLETED 

CONTRACTOR GEOPHYSICAL LOGS LOGGED BY 
SAMPLES DESCRIBED BY: TK-6 Ha T.D. 33D DIAM. 
LOCATION: SEC. Z Z  T. R. IeW* MERIDIAN ~ATFEL E~KLL w c a *  



LITHOLOGIC LOG OF CUTTINGS HOLE NO. pH - 29, - :+s PAGE OF 

COMPANY HAWLEY RESOUCCE GROUP ADDRESS 701 OLD SWMD HWY. ANCH.? AK 99502 
PROJECT GHIGAGO CREEK STARTED COMPLETED 
CONTRACTOR GEOPHYSICAL LOGS LOGGED BY 
SAMPLES DESCRIBED BY: T.K* k ' l ~ ~ e e ' 7 4 ~  T.D. FT, DIAM. 
LOCATION: SEC. ZZ T. 6 ~ .  R. l0W. MERIDIAN K A ~ E E L  RIVER MER, 

DRILLER 



LITHOLOGIC LOG OF CUTTINGS HOLE NO. VH - 2'3 - 95 P A G ~ J  OF -Z. 

COMPANY MAWLEY RESOUPCE GROUP ADDRESS 701 OLD SWD UWY. ANCCI.? 4K- 9950L 
PROJECT CH ICAGO CREEK STARTED COMPLETED 

CONTRACTOR GEOPHYSICAL LOGS LOGGED BY 
SAMPLES DESCRIBED BY: H I N ~ X Q M ~ ~ J  T.D. Z9° F7-0 DIAM., 
LOCATION : SEC. 2z T, 6 ~ .  R. 1 0 ~ .  MERIDIAN KP~EEL RIVER Mm- 

DRILLER 



gi-; - 2'7 - 05 
LITHOLOGIC LOG OF CUTTINGS HOLE NO. PAGE Z 6"= 

COMPANY HAWLEV ~ ~ O U L Z ~ E  GTROCJP ADDRESS 70/1 SEWAI?.P k!W% AULH*! X k 7 9 5 ~ Z -  
PROJECT C H t c ~ 4 o  G l z ~ E k  STARTED COMPLETED 
CONTRACTOR GEOPHYSICAL LOGS LOGGED BY 
SAMPLES DESCRIBED BY: ToK -II T. 0. z q 0 L  DIAM. 
LOCATION: SEC. Z Z  T. R. IeW* MERIDIAN \CATEEL ~ V G L  

- - - 

DRILLER 



-, 

LITHOLOGIC LOG OF CUTTINGS HOLE NO, I ; ' .H.- :JI /E-~.~ PAGE I O F  1 
COMPANY HAWLEY RESOUPCE GROUP ADDRESS 7411 OLD SWARD HWV. ANCH.? AK 9950L 
PROJECT CH ~CAC;O CREEK STARTED COMPLETED 

CONTRACTOR GEOPHYSICAL LOGS LOGGED BY 
SAMPLES DESCRIBED BY: TKIH T.D. 35 DIAM. 
LOCATION : SEC. zz T. 6 ~ .  R. IBW. MERIDIAN K A ~ E E L  RIVER M-• 

DRILLER 



/ .  
LITHOLOGIC LOG OF CUTTINGS HOLE NO, P 1-1. - 30 - 8 5 PAGE 1 01-- L 

c o ~ p ~ ~ y  HAWLEV ~&SOUPCE GROUP ADDRESS 7011 OLD SWMD HwV. AANCH., AK 99502 
PROJECT CHICAGO CREEK STARTED COMPLETED 

CONTRACTOR GEOPHYSICAL LOGS LOGGED BY 
SAMPLES DESCRIBED BY: T'L. H I M P E R - ~ A ~  T.D. 250 fT* DIAM. 
LOCATION: SEC. ** T. 6 ~ .  R. l0W- MERIDIAN KA~EEL RIVER MER- 

DRILLER 



LITHOLOGIC LOG OF CUTTINGS HOLE NO. V H - 30- F5 PAGE Z OF -2 
COMPANY HAUJLE~ QGsou~ct' GROUP  ADDRESS^^ 
PROJECT CH~CAGO GREEK STARTED COMPLETED 
CONTRACTOR GEOPHYSICAL LOGS LOGGED BY 
SAMPLES DESCRIBED BY: 'T;KdH T.D. 5 '  DIAM. 
LOCATION : SEC. T. R. MERIDIAN UTEEL  @ IvER HER. 

DRILLER 



LITHOLOGIC LOG OF CUTTINGS HOLE NO, [7H - 3 \ - @5 ( Of' 1 

COMPANY MAWLEY ~ZESOUPCE GROUP ADDRESS 701 OLD SEWPRO UWK ANCCI*? AK 9950L 
PROJECT GH ICAGO CREEK STARTED COMPLETED 

CONTRACTOR GEOPHYSICAL LOGS LOGGED BY 
SAMPLES DESCRIBED BY: -TLb HfNuE12MAtJ T.D. 65 Fc DIAM. 
LOCATI0N:SEC. 22 T. 6 N. R. I 0  W. MERIDIAN KATEEL RIVER MER- 

DRILLER 



LITHOLOGIC LOG OF CUTTINGS HOLE NO. - 32 PAGE 1 OF I 

COMPANY HAWLEY RESOURCE GROUP ADDRESS ?OII OLD SEWPRD HWY* AIJCH.! AK 99501 
PROJECT GH ICAGO CREEK STARTED COMPLETED 

CONTRACTOR GEOPHYSICAL LOGS LOGGED BY 
SAMPLES DESCRIBED BY: T t K ~  H I N W E Q M A ~  T.D. 45 DIAM. 
LOCATION : SEC. z2 T. 6 ~ .  R. 1 % ~ .  MERIDIAN KATEEL RIVER MER. 

DRILLER 



LITHOLOGIC LOG OF CUTTINGS HOLE NO. 
- 33- 2, Lj 

L PACE I flF 

c o ~ p ~ ~ y  HAWLEY RESOIJPCE GROUP ADDRESS 7011 OLD SWMD HWY. ANCU.? AK* 9950L 
PROJECT CHICAGO CREEK STARTED COMPLETED 

CONTRACTOR GEOPHYSICAL LOGS LOGGED BY 
SAMPLES DESCRIBED BY: T c l  HI~JDERHW T.D. 330 FT. DIAM. 
LOCATION: SEC. zz T. 6 ~ .  R. Jew- MERIDIAN K A ~ E E L  RIVER MEIZ- 



LITHOLOGIC LOG OF CUTTINGS HOLE NO. 
FH - 33- $35 PAGE Z- OF 2 

COMPANY \ ~ A V J L E ~  RESOUQLE ~ R O ~ P  ADDRESSW~I OLD S ~ i ~ o t - i ~ r K . ,  AIJCII. bk, 9950 Z 

PROJECT Lft\~& 0 L R E E L  STARTED COMPLETED 
CONTRACTOR GEOPHYSICAL LOGS LOGGED BY 
SAMPLES DESCRIBED BY: T K  I T . D . ~ ,  DIAM. 

LOCATION : SEC. T. R. MERIDIAN 

DRILLER 



LITHOLOGIC LOG OF CUTTINGS HOLE NO. V1-l - 34-  dTPAGE 1 O F  ) 

COMPANY I-IAWLEY RESOUPCE GROUP ADDRESS 7411 OLD SEWMD HWY- AIJCCI*? AK 9 9 5 a  
PROJECT GHICA(;;O CREEK STARTED COMPLETED 

CONTRACTOR GEOPHYSICAL LOGS LOGGED BY 
SAMPLES DESCRIBED BY: 7; l4 I ~ V E F Z ~ A ~ J  T.D. 1 !=r DIAM. 
LOCATI0N:SEC. 2z T. 6 ~ .  R. law- MERIDIAN K P ~ E E L  RIVER M m -  

DRILLER 



LITHOLOGIC LOG OF CUTTINGS HOLE NO. F'H - 35 -35 PAGE ' cF 

COMPANY HAWLEY RESOU~CE GROUP ADDRESS 7411 OLD SEWPRD Hw' AEICCI., 4K 99502 
PROJECT GH ICAC~O CREEK STARTED COMPLETED 

CONTRACTOR GEOPHYSICAL LOGS LOGGED BY 
SAMPLES DESCRIBED BY: K m  IUPEaflAd T.D. \5 0 FT, DIAM. 
LOCATION : SEC. ZZ T, 6 ~ .  R. l0W. MERIDIAN KNEEL RIVER MEPI- 

DRILLER 



LITHOLOGIC LOG OF CUTTINGS HOLE NO. 7'1 - 36 - 8 5 1 J 

COMPANY HAWLEY &SOUPCE GROUP ADDRESS 7411 OLD SWMD UW' AMCH.? AK. 9 9 W  
PROJECT CHICAC;O CREEK STARTED COMPLETED 

CONTRACTOR GEOPHYSICAL LOGS LOGGED BY 
SAMPLES DESCRIBED BY: T K l  ~ I ~ J  w g f 2 ~ ~  T.D. 155 F T  DIAM. 
LOCATl0N:SEC. ** T. 6 ~ .  R. l0W- MERIDIAN KNEEL RIVER M e -  



LITHOLOGIC LOG OF CUTTINGS HOLE NO. 
Vt-I - 57 - k - 5  PAGE O F  I 

COMPANY HAWLEY RESOIJPCE GROUP ADDRESS 7011 OLD SRNPRD HNY. ANCH.? AK 9 9 W Z  
PROJECT CH IGAGO CREEK STARTED COMPLETED 

CONTRACTOR GEOPHYSICAL LOGS LOGGED BY 
SAMPLES DESCRIBED BY: pa I g f l H ~ c ~ ~ ~  T.D. FT, DIAM. 
LOCATION: SEC. 2z  T. 6 ~ .  R. 1 0 ~ .  MERIDIAN KP~EEL RIVER M e -  

DRILLER 

brown shala 

b v o v ~ n  s h a l a  



LITHOLOGIC LOG OF CUTTINGS HOLE NO. 171-1 -3B-135 PAGE 1 OF \ 

COMPANY HAWLEY RESOURCE GROUP ADDRESS 7011 OLD SWMD HWV* ANM.? AK 9950L 
PROJECT GH ICAGO CREEK STARTED COMPLETED 

CONTRACTOR GEOPHYSICAL LOGS LOGGED BY 
SAMPLES DESCRIBED BY: k *  \-l r r - J p ~ u ~ ~ ~  T.D. \4Q FTb DIAM. 
LOCATI0N:SEC. ez T. 6 N. ~ . _ l %  W' MERIDIAN K P ~ E E L  RIVER MERI 

DRILLER 



* 4 

LITHOLOGIC LOG OF CUTTINGS HOLE NO. - 5 Y' \S\I - 2. !- PAGE ' a~ 1 

COMPANY HAWLEY RESOUPCE GROUP ADDRESS 7011 OLD ~ W M D  HWY. ANCU., AK 99502 
PROJECT GH ICAGO CREEK STARTED COMPLETED 

CONTRACTOR GEOPHYSICAL LOGS LOGGED BY 
SAMPLES DESCRIBED BY: T K l  H T.D. 5 0  FT DIAM. 
LOCATION : SEC. zZ ' T. 6 N. R. 10 W. MERIDIAN K A ~ E E L  RIVER MElz. 

DRILLER 



COAL CORE LOG 

-- 

H o l e  No. 

P r o j e c t :  e ~ i r A e o  CR-K D a t e :  6 / / 8 / 8 (  

G e o l o g i s t  : T.K #ihAr/mnv, D r i l l e r :  A .  7hmrAw 

D r i l l  Type: /V~C.+&-. /bDD Al'c/&f- Sample Type:  SS, / /O'  D I A :  2%" 
/ 

I IRECOV- I B A G /  I TYPE IFROZEN 1 I 
DEPTH IRUN I ERY  BOX IANALY- I / ~ L I T H I C  I 
(FT) I (FT)  1 (FT) I N O .  1 S I S  ITHAWED 1 LOG 1 DESCRIPTION 

N o t e s :  

- 
- /C - 85 

H o l e  No. 

Hawley R e s o u r c e  Group ,  I n c .  / 7011 Old Seward Highway,  A n c h o r a g e ,  AK 99518 
( 9 0 7 )  349-4673 



Z C - S 5  
Hole No. 

COAL CORE LOG 

P r o j e c t :  L C F - 1 C k C - o  C C  Date:  L / Z L / A Y  

G e o l o g i s t  : &-ye n ~ a r r 9  D r i l l e r  : T H ~ A  SHFK , A . , 
/ I  

Dri l l  Type: M6,b~Vq 1-0 - P i r / % t  SampleType:  55/10' D I A :  r?/A 
I 

I IRECOV- IBAG/ I TYPE !FROZEN l I 
DEPTH IRUN I ERY IBOX IANALY-I / ILITHIC I 
(FT) I(FT)I (FT) I N O .  1 SIS ITHAwEDI LOG I DESCRIPTION 

Notes:  LIC d O C r : ~ . ~ r V  S ~ I ~ A ,  ) / \ ,q5.tv-p  some ~ e t J  ~ m t r *  
/v,+IA. \PIC n ~ r c c s  4 = 6 "  ) F r I . f l ~ ~ ~ o b I A  ( ( E ~ P ~ I - C C J  1''-3") flhIp5 ( ' ~ / B ' J - ~ / + ' ' )  
FL+<~ < P#& 

I 1 

7 C- 8 5  
Hole  N6. 

Hawley Resource Group, I n c .  / 7011 Old Seward Highway, Anchorage, AK 99518 
( 9 0 7 )  349-4673 



Z C - 6 5  
H o l e  No. 

COAL CORE LOG 

P r o j e c t  : <#/<A-&O D a t e  : L/z--F/ k 5  
G e o l o g i s t  : M ,  ~ ~ k P r - - L ~ A  D r i l l e r :  A t ~ h / u k f l  

Drill  Type: , r  IdaU A - 4  Sample Type:  55/ 10 ' D I A :  Z3/6'' 

I I R E C O V -  IBAGI I TYPE  FROZEN I 1 
DEPTH IRUN I ERY  BOX IANALY- I / ~LITHIC I 
( F T )  I ( F T ) I  (FT)  INO. I S I S  ITHAWEDI LOG I DESCRIPTION 

1- I 1 I I 
I 6 x  I some -I +t 5 3- s+ - 0 ,  

:a -n 5h7ejnwds)oe,!llirr.q 
I Zc-65l rn~4lj .=-A ft-+-jm-4~ (rh 
1- I 
I I 
I I 

I I- I 
I I 

I- I 
I 

I I 
I 1- 

I I 

/I/&.' n ~ w f  r u n  e - h i * s  

//t s h - f h  +bur 52' 

Notes :  

2C- 85 
Hole  No. 

Hawley Resource  Group,  I n c .  / 7011 Old Seward Highway, A n c h o r a g e ,  AK 99518 
( 9 0 7 )  349-4673 



2 C- €35 
Hole  No. 

COAL CORE LOG 

P r o j e c t :  C ~ ~ I C ~ - G O  C E O  Date :  6 / ~ 7 / &  

G e o l o g i s t  : R . W .  R P ~ C P V ~ ~ ~  . D r i l l e r :  A . T h r e s h c /  
kv, 

D r i l l  Type: flhA!06U / A t r  / tW. Sample Type: 55,/10' A :  ZL3/8" 
J" , 

I I R E C O V -  IBAGI I TYPE I F R O Z E N  1 I 
DEPTH IRUN I ERY  BOX IANALY-/ / I L I T H I C  I 
(FT)  I ( F T ) I  ( F T )  I N O ,  I S I S  ITHAwEDI LOG I DESCRIPTION 

N o t e s :  

2C-85 
Hole  No, 

Hawley R e s o u r c e  Group,  I n c .  / 7011 Old Seward Highway, Anchorage ,  AK 99518 
( 9 0 7 )  349-4673 



Hole No. 
COAL CORE LOG 

Project: CHICAW CP- Date: ~ / ~ * / 8 5  

Geologist : C. FI\. ~ e - l h ~ ~  ~ C J  Driller: A .  - j - t )rC.~h~Y 

Drill Type: Mh\*+.r l [ w  - ki~/(2*+ Sample Type: 55 1 lo' DIA: 2%' 
J 

I IREcOV- (BAG/ I TYPE IFROZEN 1 I 
DEPTH IRUN 1 ERY  BOX IANALY-I / ~LITHIC I 
(FT) I(FT)I (FT) !NO. I SIS ITUWEDI LOG I DESCRIPTION 

I I I 
I I I 6 - t  di*L>s i byqrcl f ~d&4 4?Ar > em': ) 0-M , r ltvw sm- S-Th 

I fZ&vrnsd b bow+ e* C O I ~  , p%qe J .JU, 
1 r o o d ~ A  04 %t,dz r~ q w ~ ~ h ~ s t .  

.4%&d Lid& &,A. 

5 9  - 
black rrursqvs a l  

c L w c 4  ~ 0 4  I 

CI  - 
I I blcck SS'WQ 

62-1- I 1- I I I I I I I I 

Notes: /++ 53.5' s w ' t ~ c d  . & $-crh &AT 
I &  be6 04 ' ~ f l d l A l f l 3  ~ h f i f i l ~  O #  f~ W W ~ L  ' 

2 C - 8 5  
Hole No. 

Hawley Resource Group, Inc. / 7011 Old Seward Highway, Anchorage, AK 99518 
(907 ) 349-4673 



Hole  No. 
COAL CORE LOG 

P r o j e c t :  ~ H ~ C R G O  C ~ C ~ E I (  Date :  6 / ZS/ 'f35 

G e o l o g i s t :  R ,M , ~~.)-14w D r i l l e r  : A,  Tl?r+5hr.lc 

A+ ) D I A :  2 %  
It 

D r i l l  Type: &b- l0U-D Sample Type: S S /  lo 
J 

I IRECOV- IBAG/  1 TYPE  FROZEN 1 I 
DEPTH IRUN I ERY IBOX IANALY- I I I L I T H I C  I 
(FT)  I ( F T ) I  (FT) I N O .  I S I S  ITHAWED1 LOG I DESCRIPTION 

I 1- 1 I I I 
- 4 - 1  I W #  I I I 

I I I =*s l I I .  I I \ ~ h l  ~ T C  ~ P - Y  -+ro-'tng 

Rpa-eJ OW+ L \ 2  4- 39 N o t e s :  '-63' 

Hole  No. 

Hawley R e s o u r c e  Group ,  Inc .  / 7 0 1 1  Old Seward Highway, Anchorage ,  AK 99518  
( 9 0 7 )  3 4 9 - 4 6 7 3  



Hole No. 
COAL CORE LOG 

P r o j e c t  : CI-trCk-G-0 C L e e v .  Date: 6/281BS 

G e o l o g i s t :  R q  q & - I ~ ~ F L A  D r i l l e r  : A , %/,<\.vf 

rn I 
D r i l l  Type: h l c v .  I A& /F+. Sample Type: 5s / lo  DIA: 23 /&" 

/ 

I IRECOV- IBAG/ I TYPE ]FROZEN I I 
DEPTH IRUN I ERY I B O X  IANALY-I / I L I T H I C  I 
(FT) I (FT) 1 (FT) I N O .  I S I S  ITHAWED I LOG 1 DESCRIPTION 

Notes:  b;, ( tPJ  6 L'-76' b,k I &  & b ! ~ o r p  r;l ~ r s  b 

zc-85 
Hole No. 

Hawley Resource Group, I n c .  / 7011 Old Seward Highway, Anchorage, AK 99518 
(907)  349-4673 



2 C- €35 
Hole No. 

COAL CORE LOG 

Project: c r f l C h w  C R .  Date : 6 /Z8/ 

Geologist : E f l  R&P&,\ Driller: 4 .  - ( - L L - = s s k ~  

Drill Type: M y b  l m  & I W / ~ ~ Y ! -  Sample Type: -55 / lo' DIA: 2~~/0'' 
J 

I I R E C O V -  IBAG/ I TYPE /FROZEN I I 
DEPTH IRUN I ERY I B O X  IANALY-I / ILITHIC 1 

DESCRIPTION 

2C-85 
Hole No. 

Hawley Resource Group, Inc. / 7011 Old Seward Highway, Anchorage, AK 99518 
(907) 349-4673 



3 C-65 
Hole No. 

COAL CORE LOG m°F m&7@?/&& 7 - 
Project: C Y I C A - b D  C R .  Date: '3/3/&5 

Geologist : n , M q  1;Zt-4b r 4A-v. Driller : A . T h n ; s h p r r  

Drill Type: ~ G - I ~ C J  lbOD Ro+ / ~ i v  Sample Type: 55/ 10 ' DIA: z3/8' 

I IRECOV- IBAG/ I TYPE IFROZEN I I 
DEPTH  RUN I ERY IBOX IANALY- I / ILITHIC I 
(FT) I(FT)/ (FT) (NO. 1 SIS (THAWED[ LOG I DESCRIPTION 

P, ' 
Notes: Lwxh*n ,' B ' ~ b u f 4  of&o~J(Tdb/=); / & + , L 9 f , ~  &b -& z g ' ~ /  
~ , - l b r , ~ ~  cart-. 5 v r f * r  /D 23%' / S  r r & / ~ v ,  ? ZUot-drrnrrr /3H, nyrwp ; r e  

/ ~ p < (  u / l r r  I 3 ~ 7  f) A J ~ L ~ ~ P C P A  rlrck, d o '  XoIe 
M# c / & + P ~ ~ P ( A  A b~ o n  X o l p  6 -8r h d  ~9 c ~ r  c l ~ A  m+ 9 ~ t  / 4 6  3 r-65 
s c /  r r  p l n n r r l .  4 1 s  secho- ,t M bdbr -,// d r  /r pod Hole No. 
Y P ~ ~ P ~ C ~ E + @  oC r-f - + q r 7 - I  

kawley Resource Group, Inc. / 7011 Old Seward Highway, Anchorage, AK 99518 
( 9 0 7 )  349-4673  



- - - 
Hole No. 

COAL CORE LOG 

Project: I F  CCfK Date: */3/$3$ 

Geologist : e. M. ~ d l r z  !d Driller: A.  7 1 ? v ~ - s h ~ ~  

Drill Type: k . , b l a a v  A i ~ / l e d .  Sample Type: 4 s / ( o t  DIA: z3/6" 
/ 

Notes: 

I IRECOV- IBAG/ I TYPE IFROZEN 1 I 
DEPTH IRUN I ERY IB O X  IANALY- I 1 ILITHIC I 
(FT) 1 (FT) I (FT) (NO. I SIS ITHAWED I LOG I DESCRIPTION 

I I I 

p-4 J4-d ijFY 5:14 a M.J dv~*). 
I J-;~c-h-w 04 b-m LA-~c~LI ti 

3c- s5- 
Hole No. 

I I I- I I 
I I I 

x -  I I I- I I 
I 
I 
I 

I I 

Hawley Resource Group, Inc. / 7 0 1 1  Old Seward Highway, Anchorage, AK 9 9 5 1 8  
( 9 0 7  ) 349-4673  

I I "ro~IrA tLp+u+-h&l  " u ik a 4% ~FCC&LS 
I I L ~ P  h \ x l Y  UJ \Ax S ~ V J ~  I)UAE.~ L\cI. *. One 
I I OF ~ r z b - ~ r  dips o+  r b - +  

1 I s o 0 ,  

I I 
I I 
1 I 
I I 
I I 

3 0 -  I v 1 I r. 0, fi 3 8 '  -4 i~ 25' 
1 I I I I I be- 9 



-- 

Hole No. 
COAL CORE LOG 

P r o j e c t  : C t i - ~ c ~ o  CCe?K Date : t/ 8/8r 

G e o l o g i s t :  T K ,  U - . I ~ ~ I ~ ~ W - ~ ~  D r i l l e r  : 

Dri l l  Type: h l \ ~ ~ h r , r  \M7?7 I v Sample Type: 3 5  DIA: ?"/Id 

I I R E C O V -  I B A G /  1 TYPE IFROZEN 1 I 
DEPTH  RUN I ERY / B O X  IANALY-I / ~ L I T H Z C  I 
(FT) I ( F T )  I (FT) I N O .  I SIS ITHAWED I LOG I DESCRIPTION 

4-L- 85 
Hole No. 

Hawley Resource Group, I n c .  / 7011  O l d  Seward Highway, Anchorage, AK 99518  
(907)  349-4673 



4C- 85 
Hole No. 

COAL COKE LOG 

Project : c t t 1 C c e 6 - 0  ( (2  Date: 3-/9/03- 

Geologist : P . F ~  ~ e l h r  7 4-1 t- Driller: f!tt7'%5l\cfl 

Drill Type: MWG\#,,., lm', A i r /  1Zh Sample Type: 55 / lo ' DIA: 2% " 
1 

I IRECOV- IBAG/ I TYPE IFROZEN 1 1 
DEPTH IRUN I ERY IBOX IANALY-1 / ~LITHIC 1 
(FT) I(FT)I (FT) INO. 1 SIS ITUWEDI LOG I DESCRIPTION 

I 
&/ J;uqmpeih i/ "- z " )  d-// bf4-4~ 

b9, 

fiAss;ve blr-k -4 
I I b@Jdi7 (?) D r 45' 

I 
I 
I 

71 - I 
I 

I 
! I I I 

I I 
I I- I I 

4C- 6 5  
Hole No. 

Hawley Resource Group, Inc. / 7011 Old Seward Highway, Anchorage, AK 99518 
(907) 349-4673 



Hole  No. 
COAL CORE LOG 

P r o j e c t  : c f f lCM5 ( 6 - K  Date :  ?/lo / 8 5  , 

7 / ( I  *;flJP/ G e o l o g i s t  : IYr\n P D r i l l e r :  7 3 ~ 6  r b ~  

D I A :  z3/8 
I t  

D r i l l  Type:  k w  L n d  IKT3 A i / / P d - .  Sample Type:  5s/10' 
I I R E C O V -  IBAG/ I TYPE IFROZEN 1 I 

DEPTH IRUN I ERY IBOX IANALY-I I I L I T H I C  I 
(FT) I ( F T ) I  (FT)  INO. I S I S  ~THAwED~ LOG I DESCRIPTION 

N o t e s :  

+ c -85  
Hole  No.' 

Hawley R e s o u r c e  Group ,  I n c .  / 7011 Old Seward Highway, Anchorage ,  AK 99518 
( 9 0 7 )  349-4673 



Hole No. 
COAL CORE LOG 

P r o j e c t :  w f r h - c r o  C PFFK- Date:  ?/9/B.C 

G e o l o g i s t  : T K  ~ ' ~ ~ J t - r v r  /, OP D r i l l e r :  A. nre5hPr 

Dril l  Type: ~ l \ a r  h l u l  Id77'7 /&t, Sample Type: 5 5 / ~ ~ '  D I A :  2% 

I I R E C O V -  I B A G /  I TYPE IFROZEN I I 
DEPTH IRUN I ERY  BOX I A N A L Y - I  / ~ L I T H I C  1 
( F T )  I ( F T )  I (FT) INO. I SIS ITHAWED 1 LOG I DESCRIPTION 

5 c - -  B5 
Hole No. 

Hawley Resource Group, I n c .  / 7 0 1 1  Old Seward Highway, Anchorage, AK 99518 
( 9 0 7 )  349-4673 



5 C- 8-5 
Hole  No. 

COAL CORE LOG 

P r o j e c t :  C-J i  ( C b o  C ~ F F K  L Date: 7-/,9/8!T 

G e o l o g i s t  : T;k, U ~ ~ ~ P C P O G  t f i  D r i l l e r :  A.  T ~ ~ G s L I J  

D r i l l  Type: L p , r  )CD73 i / Sample Type:  5s ,/ 10 '  D I A :  z '/B " 

I IRECOV- !BAG/ I TYPE  FROZEN 1 I 
DEPTH IRUN I ERY IBOX IANALY- I / I L I T H I C  I 
(FT)  I ( F T ) I  (FT)  INO.  I S I S  IT HA WED^ LOG 1 DESCRIPTION 

I 

I 
I 

I 
I I 

I I 
I 
I 1  

I I ' 
I 

I I I 1  
I 
I I 

I '  
I 1 ,  

I m-k ,-0 ?non 

I I 1 gu\\+ $ I ~ W ~ S  L \ L c ~  L * '  

I 
I ' 

I 
1-7 
I I I 

1- 1 I 1 I 
I I 1 I I 

I I I I I I 
/Q7- 1- I 1- 1 I I 

I I I I I I I 
I I I I I I I 

' 0 -1- 1 1- I I I I 
-1- I 1- I I I I 

No te s :  
-- - 

F C  - 8 5  
Hole  No. 

Hawley R e s o u r c e  Group ,  I n c .  / 7011 Old Seward Highway,  Anchorage ,  AK 99518 
( 9 0 7 )  349-4673 



FC - 8 5  
Hole No. 

COAL CORE LOG 

Project: ci+lc&r40 C P W ' X  Date: 7 / 9  / 8 5  

Geologist : Driller: n r s . ~ i  PF 

Drill Type: M ~ L ~ ~ L J  [OZ?? A i r  /&ii Sample Type: 5 5 /  fo ' DIA: 2% 

1 I R E C O V -  IBAG/ I TYPE  FROZEN 1 I 
DEPTH IRUN I ERY IBOX IAN A L Y - I  / (LITHIC I 
(FT) I(FT)I (FT) INO. I SIS ITHAwEDI LOG I DESCRIPTION 

Notes : 

5 ~ - 8 5  
Hole No. 

Hawley Resource Group, Inc. ! 7011 Old Seward Highway, Anchorage, AK 99518 
( 9 0 7  ) 349-4673 



5 C  -235 
Hole No. 

COAL CORE LOG 

P r o j e c t :  (,U 1C:hfcC7 ( P F C ' Y  Date: 7/9 / 0 ~  

G e o l o g i s t  : T, C. C I ; Y \ C \ N ~ W I Y I  D r i l l e r :  A n f 1 4 r l ? c > /  

D r i l l  Type: b L A c  , Al;)&+t Sample ~ y p e :  55 / 10 D I A :  7'&3'' 
1 

I I R E C O V -  IBAG/ I TYPE IFROZEN I I 
DEPTH IRUN I ERY  BOX IANALY- I / ~ L I T H I C  I 
(FT) I(FT)I  (FT) INO.  I SIS ITHAWEDI L O G  I DESCRIPTION 

S C - € 3 5  
Hole No. 

Hawley Resource Group, I n c .  / 7011 Old Seward Highway, Anchorage, AK 99518 
(907)  349-4673 



6CZ -8s 
Hole No.  

COAL CORE LOG 

Project: C/+ /CA-Go C / z E K  Date: 7 / 3 / B (  

Geologist : E M .  ~ d h r ~ ~  Driller: 4 ,  ~ h w h r r  

Drill Type: f l l i y X d y /  (OZm Sample Type: SS//o' DIA: z % ~  

I IREcOV- IBAG/ I TYPE  FROZEN 1 I 
DEPTH  RUN I ERY  BOX IANALY-I / ~LITHIC I 

I SIS 
, I  
I 
I 
I 

THAWED I LOG I DESCRIPTION 
- I I 

&5C"'~ I * ~ ' v c  rL-b 
YY* ) A@ f l+rr"d - -;tc 30- 

~ C l t ~  s i w  - ( v - i c / ,  o f h - w ; ~ r  L ! I  
4 ,  - 1-6 . 
~ o m p  -4"- SCr tr.L *'7 - 
p y i ~  A& /rr ( ~ ~ ~ 0 h - s  9 + h b &  

~ p p r  / +tja 5 sp*r,;nl 
/m- macLv l~ /  UJ/ bri rn s f i s t  x e m  

p - / / e /  /-t 1 . h  d d i  

I I 

NO t e s : h/otz  : M Y  15aw surdct ~++cwwk I; q -L IL : 
045' /o&f $ / C C  '/5-30' 5 ~ / f  / Y3d63 - ' 9 C.pY ..~b /& 

J / - ' 
@ ' &  

fis 9 & C2 -85 
& / o & ~  +A(- / s z + / F z r  i&+ A e-+i A e n - l ,  7 Hole No. 

Hawley Resource Group, Inc. / 7011 Old Seward Highway, Anchorage, AK 99518 
(907) 349-4673 



COAL CORE LOG 
Hole No. 

Project: c+~rA&o  C ~ P E F K  Date: ' 7 1  3 / 8 5  

Geologist: F I M . ~ ~ ~ L A .  Driller : & T h r a s k ~  

Drill Type: M h h w  l a a ~  U / A + -  Sample Type:  to' DIA: zS/sM 

1 I R E C O V -  IBAG/ I TYPE I F R O Z E N  1 1 
DEPTH IRUN I ERY  BOX IANALY-1 / ~LITHIC I 
(FT) ~ ( F T )  I (FT) INO. 1 SIS IT HA WED^ LOG 1 DESCRIPTION 

6CZ-85 
Hole No. 

Hawley Resource Group, Inc. / 7011 Old Seward Highway, Anchorage, AK 99518 
(907) 349-4673 



COAL CORE LOG 

LC.?.- 85 
Hole  No. 

P r o j e c t :  C H \ C A - & O  cRccEK Date : 7/41 $3- 

G e o l o g i s t  : ~ . w .  R e C b  Fbd- D r i l l e r :  /k T h e s k c r  

D r i l l  Type: M c ? b  \m k*?R-k, Sample Type: 5 s  / lo '  D I A :  'Z>/eh 
J 

I I R E C O V -  I B A G /  I TYPE I F R O Z E N  1 I 
DEPTH  RUN I ERY IBOX IANALY-I 1 ~ L I T H I C  I 
( F T )  I (FT)I  (FT) I N O .  I SIS ~ T H A w E D ~  LOG I DESCRIPTION 

-1- I 1- I I I 1 
I 

c~L-(  fryltlr-+ 2* -4 I6-j.r ; .Ju(\ b1-L 

&a.\ KPj 

se\iA &&\ 

,&,+I 

C r r t  Jc(~s I . 

,yl,jflJ/ Q4, 
b'.\ CA. :p> 

1 I I * I  
- . I5 -I , 2 0 4 1  - ' I > ,  -7 = 

be*\  c l i p s  5 r n . n ~  M n * \  4 5 ' 1  I C 

- r i d ~ e A  r-+ I u c  I L ~  GY c.3~ i &.fs / ,A P 

b - 4  +'-.JW..-t-5 d a  h m ~ -  

V'l+reous .bl-k 4 ; YC-J he-J , bej- +. 
pLq  b - r c q l  ~ ~ ~ r i c ( L y  C <  &C wore u ~ i y  

N o t e s :  

Hole No. 

Hawley Resource Group, I n c .  / 7011 Old Seward Highway, Anchorage, AK 99518 
( 9 0 7 )  349-4673 



Hole No. 
COAL CORE LOG 

Project : c H- I (1 &(fO C. R . Date: ?/ 4-/ 05 

Geologist : R. a. ( ? . e t h w U  - Driller : /k 7-h/~sk/ 

Drill Type: f l ? C l h - ~  I- Sample Type: S S /  lo' DIA: 2 % '  

I IRECOV- IBAG/ 1 TYPE IFROZEN 1 I 
DEPTH IRUN I ERY  BOX IANALY-I 1 ~LITHIC I 
(FT) 1 (FT) I (FT) INO. 1 SIS ITHAWED 1 LOG I DESCRIPTION 

Notes: 

6 C Z - 6 5  
Hole No. 

Hawley Resource Group, Inc. / 7011 Old Seward Highway, Anchorage, AK 99518 
(907) 349-4673 



7 C -  s5 
Hole No. 

COAL CORE LOG 

Project: ~ t r ~ c & t s - ~  C R .  Date: 3/9/85 

Geologist : , RP -ILW&~J . Driller: A-. mr,,ly.c 

Drill Type: f / \kkh~ \ooD Atv //?A. Sample Type: %/ lo ' DIA: 2% ' 
'/ 

I JRECOV- 1 BAG/ I TYPE IFROZEN I I 
DEPTH !RUN 1 ERY IBOX ~ANALY-I / ~LITHIC I 
(FT) I (FT) 1 (FT) INO. 1 SIS ITHAWED 1 LOG I DESCRIPTION 

Notes : n & ~  YO% L C 1  34-8C ,' J u r & e  b ZZ ' s&h9+? 4 s  
//-q n- IL)  9% & s f J  / z - /+ I  I C P  / -15' ATOM/ 1 5 - 7 7 ' ~ b ~ m r ,  

-- 

Hole No. 

Hawley Resource Group, Inc. / 7011 Old Seward Highway, Anchorage, AK 99518 
(907) 349-4673 



Hole No. 
COAL CORE LOG 

I 
P r o j e c t :  -1- c R ~  Date:  7/9/85 

G e o l o g i s t  : D r i l l e r  : A .  7h 0 5 ~ ~ r  

Dri l l  Type: J Y \ & k  \csog A+ /&t- Sample Type: S S  / l o 1  DIA: ~3/s" 
J 1 

I IREcOV- IBAGI / TYPE IFROZEN 1 1 
DEPTH I RUN I ERY I BOX IANALY- I I I L I T H I C  I 

DESCRIPTION 
&\.5 ) d + V ~ I  W ~ S S  /YY*J- ~ h r A  

Notes : 

?c-85- 
Hole No. 

Hawley Resource Group, Inc.  / 7011 Old Seward Highway, Anchorage, AK' 99518 
( 9 0 7 )  349-4673 



7C-(3s 
Hole No. 

COAL CORE LOG 

P r o j e c t :  C H  / C 4 - 6 0  ~ E E E ) ~ .  Date:  

F$A r 

- 
G e o l o g i s t  : D r i l l e r  : A I hr.lshcu 

Dri l l  Type:  h -  Aiv /&+. Sample Type: 5 5  / lo'  DIA: z3/&" 
J 

I I R E C O V -  I B A G /  ( TYPE I F R O Z E N  1 I 
DEPTH  RUN I ERY  BOX IANALY- I / ~ L I T H I C  I 
(FT)  I (FT)I  (FT) INO. I SIS ~THAWED~ LOG 1 DESCRIPTION 

- 

Hole No. 

Hawley Resource  Group, I n c .  1 7011 Old Seward Highway, Anchorage,  AK 99518 
( 9 0 7 )  349-4673 



-- 

Hole No. 
COAL CORE LOG 

P r o j e c t  : c l - + l C A ~ o  c y?t====l~  Date: 3/10/63- 

G e o l o g i s t  : T 1 , t+irci)rs/ m v, D r i l l e r  : A . T b i ~ s h r r  

D r i l l  Type: r /&k-/E,+. Sample Type: . 55  / 10 '  DIA: 2'43" 

I I R E C O V -  IBAG/ I TYPE  FROZEN 1 I 
DEPTH IRUN 1 ERY IBOX IANALY-I 1 I L I T H I C  I 

THAWED 1 LOG I DESCRIPTION 

Notes:  

8C-85 
Hole No. 

Hawley Resource Group, Inc .  / 7011 O l d  Seward Highway, Anchorage, AK 99518 
(907)  349-4673 



COAL CORE LOG 

st- 535- 
Hole  No. 

P r o j e c t  : Cr+ / C k G -  73 C R C F  K Date :  7-1 I 0 ,/ 8-7 

G e o l o g i s t  : 7 K ,  + t i  ndr-rwav D r i l l e r :  A 

Sample Type:  55 / I 0' D I A  : 2 
" 

I I R E C O V -  I B A G /  I TYPE I F R O Z E N  1 I 
DEPTH IRUN I ERY IBOX IANALY-I I ~ L I T H I C  1 
(FT)  I ( F T ) I  (FT) [ N O .  I S I S  ITHAwEDI LOG I DESCRIPTION 

N o t e s :  

8C--fiS 
H o l e  No. 

Hawley R e s o u r c e  Group,  I n c .  / 7011  Old Seward Highway, Anchorage ,  AK 99518 
( 9 0 7 )  349-4673 



st- 85- (. 

Hole No. 
COAL CORE LOG 

C-cC ( C k r 3 0  C P U  k - / 

Project: - Date: 7/ 10 1 B.> 

Geologist: T ; k  /-t.,rd~/yylu- Driller : 4- T ~ ~ < S L P /  

Ice. 1m 
I 

Drill Type: Ai'- j Sample Type: %/ 10 DIA: z3/9 " 
1 (RECOV- [BAG/ I TYPE  FROZEN 1 I 

DEPTH  RUN I ERY I B O X  IANALY-I / ILITHIC I 
(FT) I(FT)I (FT) INO. I SIS ITHAWEDI LOG I DESCRIPTION 

Notes: 

s c-BF 
Hole No. 

Hawley Resource Group, Inc. / 7011 Old Seward Highway, Anchorage, AK 99518 
(907) 349-4673 



8C-85 
Hole No. 

COAL CORE LOG 

Project: ct f - / t&~ c- Date: 7/ 10 / S T  
' /l.'30rn 

Geologist : ,e . IY) , ~~fkr /$a .  Driller : 4. 7 h - r h ~ y  

DIA: 2% 
#/ 

Drill Type: /r7&&,w /&%7 &tr //Zt. Sample Type: 35 //u' 
I 

I IRECOV- IBAG/ I TYPE IFROZEN 1 I 
DEPTH IRUN 1 ERY  BOX IANALY-I / ~LITHIC I 
(FT) ~(FT) I (FT) INO. 1 SIS ITHAWEDI LOG I DESCRIPTION 

I- I I I I 
I I l&-t!' I slar,h $+* p \ , e ,  0 -  4-p ( z " j  
I I 

I '1") 
b-ke- -4 C L T ~  me-+ t* 

I I I 
I I 

I- I 
I 

I I 
I I- I 
I I 
I I I I 

I 1 1 
I I I 

Notes: S ~ J A  r ~ , ~ 4 - . L r / - c v ' 1 r c d  

Hole No. 

Hawley Resource Group, Inc. / 7011 Old Seward Highway, Anchorage, AK 99518 
(907) 349-4673 



COAL CORE LOG 

0c- &5 
Hole No. 

Project: Cl4 - lCk~0  C C ,  Date: t/ I \  105 
l ' h  * 

Geologist : \ t . W ,  b o - f k r - f c r d .  Driller: k Thr6sbef 

Drill Type: hL, l d  hit / a . Sample Type: 5 s  / 10 ' DIA: 2%eN 

I IRECOV- IBAG/ I TYPE [FROZEN 1 I 
DEPTH IRUN 1 ERY  BOX IANALY-I 1 ILITHIC I 
(FT) I(FT)I (FT) INO. I SIS ~THAWED~ LOG I DESCRIPTION 

Notes: &twit,( h+.L L .9044* 

- 4 

Hole No. 

Hawley Resource Group, Inc. 1 7011 Old Seward Highway, Anchorage, AK 99518 
(907 ) 349-4673 



-3 c - f3T 
Hole No. 

COAL CORE LOG 

/ 

Project: C H - I C A - 6 0  C r e e ~  Date: 7/11 /f35 

Geologist : 7, k, K;nA/r~?a v, Driller : A . m<~r;Lrv 

Drill Type: rJ\&, Lp4 I AI~/ /%3-  Sample Type: 55 / I0 ' 
i 

DIA: ~~'8'' 

I I R E C O V -  IBAG/ I TYPE IFROZEN 1 I 
DEPTH IRUN I ERY /BOX IANALY-I 1 ILITHIC 1 
(FT) ~ ( F T )  I (FT) INO. I SIS ~ T H A w E D ~  LOG I DESCRIPTION 

Notes: 

a 
Hole No. 

Hawley Resource Group, Inc. / 7011 Old Seward Highway, Anchorage, AK 99518 
( 907 ) 349-4673 



COAL CORE LOG 

P C - 8 5  
Hole No. 

Project: Date: 

Geologist : T. , M - - , ~ Y I N W ~ * -  Driller : P\ c n ? r ~ . r L ~ ~  

Drill Type: l\nyhkr- I- Ai v/l?& Sample Type: S S  / I D '  
1 

DIA: ?YB" 
- 

I IRECOV- IBAG/ I TYPE I F R O Z E N  1 I 
DEPTH  RUN 1 ERY l BOX IANA L Y -  I / ILITHIC I 
(FT) I(FT)I (FT) INO. I SIS ~ T H A w E D ~  LOG I DESCRIPTION 

9 e - 8 ~ .  
Hole No. 

Hawley Resource Group, Inc. / 7011 Old Seward Highway, Anchorage, AK 99518 
(907) 349-4673 



Hole No. 
COAL CORE LOG 

P r o j e c t :  chc/<&(,o C R E E K  Date: 7/11 /8>- 

G e o l o g i s t  : ~ i d p w - e i n  D r i l l e r  : A-, Th/.rhc./ 

D r i l l  Type: / J I ~ & J  /m ~,r, /&/.  Sample Type: SS / lo' D I A :  ZY&" 
J 

I I R E C O V -  I B A G /  I TYPE  FROZEN 1 I 
DEPTH / R U N  I ERY ( B O X  IANALY- 1 / ~ L I T H I C  1 

ITHAWED I LOG I DESCRIPTION 

Notes :  f i n  rrJ:.~L(trr - q / . z . -  - . r O n Q I  
J 

Hole No. 

Hawley Resource Group, I n c .  / 7011  Old Seward Highway, Anchorage, AK 9 9 5 1 8  
( 9 0 7 )  3 4 9 - 4 6 7 3  



COAL CORE LOG 
Hole No. 

Project: c H- [ C & < ~ O  ~ E G  k Date: 7/11 /ST 

Geologist: T - \ c  , L! ieA , -c~ f iq  , Driller: A .  -l-hc(~ ~ D F  

Drill Type: flL4LF-, A!./E~ Sample Type: S y / l o '  DIA : 2 % " 

I IRECOV-IBAG/ I TYPE  FROZEN^ I 
DEPTH IRUN I ERY  BOX IANALY-I / ~LITHIC I 
(FT) I (FT) I (FT) INO. I SIS ITHAWED I LOG I DESCRIPTION 

Notes : 

y c - a 5  
Hole No. 

Hawley Resource Group, Inc. / 7011 Old Seward Highway, Anchorage, AK 99518 
(907) 349-4673 




