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INTRODUCT I O N  

T h i s  r e p o r t  a d d r e s s e s  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  K o t z e b u e  a n d  t h e  n e a r b y  v i l l a g e s  u s i n g  c o a l  m i n e d  a t  C h i c a g o  

Creek ,  s o u t h  o f  K o t z e b u e  Sound.  The  f e a s i b i l i t y  s t u d y  d r a w s  on  t h e  

r e s u l t s  o f  two  s e a s o n s  o f  f i e l d  work  by C.  C. Hawley and A s s o c i a t e s ,  

I n c . ,  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 ,  a n d  d o w n h o l e  and  s u r f a c e  

g e o p h y s i c a l  s u r v e y s .  D a t a  f r o m  p r e v i o u s  s t u d i e s  was a l s o  u t i l i z e d .  

The p r o j e c t  w a s  p e r f o r m e d  u n d e r  t h e  p r o v i s i o n s  o f  c o n t r a c t  n o .  

X X X X X X X ,  a d m i n i s t  e r e d ' b y  t h e  Div i s i o n  o f  G e o l o g i c a l  and Geophys i ca l  

S u r v e y s  of  t h e  A l a s k a  Department  of  N a t u r a l  R e s o u r c e s .  

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

f i e l d s ,  c o o r d i n a t e d  by Hawley  R e s o u r c e  G r o u p ,  I n c .  Hawley  R e s o u r c e  

Group  p e r s o n n e l  i n v o l v e d  i n  t h e  s t u d y  i n c l u d e d  C .  C .  Hawley, R. M. 

R e t h e r f o r d ,  T. K. H i n d e r n a n  a n d  J. P. H a w l e y .  C o n s u l t a n t s  i n c l u d e d  

R a l p h  S t e f a n o  o f  S t e f a n o  and  A s s o c i a t e s ,  I n c . ,  R. W.   ether ford, PO 

E., R. 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 ,  J o h n  Wood, P O  E., H e n r y  

S p r i n g e r  o f  t h e  A l a s k a  Department  of T r a n s p o r t a t i o n ,  Tom Humphrey, P. 

E., and J o h n  Reuse  and B u r t o n  G r e i s t  o f  NANA R e g i o n a l  C o r p o r a t i o n .  



LOCATION 

The Chicago Creek  c o a l  d e p o s i t  i s  l o c a t e d  on  t h e  n o r t h e a s t e r n  p a r t  o f  

A l a s k a ' s  S e w a r d  P e n i n s u l a ,  abou t  7 0  m i l e s  s o u t h  of Ko tzebue  ( ~ i ~ .  1). 

The p roposed  mine s i t e  i s  on Ch icago  C r e e k ,  a b o u t  1 . 2 5  m i l e s  e a s t  o f  

i t s  c o n f l u e n c e  w i t h  t h e  K u g r u k  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  of 

t h e  c o a s t  of Ko tzebue  Sound. 





A C C E S S  

The most  common means of a c c e s s  t o  t h e  C h i c a g o  C r e e k  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 , 2 0 0  f o o t  g r a v e l  a i r s t r i p  a t  a p l a c e r  

camp o n  t h e  K u g r u k  R i v e r  w h i c h  i s  p r e s e n t l y  b e i n g  l e a s e d  by V i r g i l  

V i a l  o f  C a n d l e .  T h i s  s t r i p  i s  p r i v a t e  and p e r m i s s i o n  i s  r e q u i r e d  f o r  

u s e .  The camp and  a i r s t r i p  a r e  l o c a t e d  a p p r o x i m a t e l y  1 . 5  m i l e s  f r o m  

t h e  p r o j e c t  s i t e .  D r i l l i n g  e q u i p m e n t  a n d  o t h e r  h e a v y  c a r g o  can  be 

f l o w n  t o  t h e  5000-foot  h i r s t r i p  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 ,  

a n d  t r a n s p o r t e d  t o  t h e  C h i c a g o  C r e e k  a r e a  o v e r  a n  e x i s t i n g  

t r a c t o r - t r a i l  sys tem.  



LAND STATUS 

P e r m i t t i n g  E v a l u a t i o n  

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 ,  w h i c h  c o u l d  i n v o l v e  a  m i n i n g  

o p e r a t i o n ,  power p l a n t ,  a c c e s s  r o a d ,  and p o r t ,  w i l l  r e q u i r e  p 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  a g e n c i e s .  The f u l l  p e r m i t t i n g  

p l a n  w o u l d  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  h e a r i n g s .  

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

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  me t ,  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 b e  r e q u i r e d  for 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 

be e n c o u n t e r e d ,  s u c h  a s  h i s t o r i c  s i t e s  o r  e n d a n g e r e d  s p e c i e s .  

Sur f  a c e  Mininq  

S u r f a c e  c o a l  m i n i n g  p r o g r a m s  i n  A l a s k a  a r e  r e g u l a t e d  by t h e  D i v i s i o n  

o f  M i n e s ,  D e p a r t m e n t  o f  N a t u r a l  R e s o u r c e s ,  S t a t e  o f  A l a s k a .  

R e g u l a t i o n s  found  i n  11 AAC, Chap te r  90 were  d e v e l o p e d  p u r s u a n t  t o  t h e  

A l a s k a  S u r f a c e  Coa l  Min ing  C o n t r o l  and R e c l a m a t i o n  Ac t  (AS 41.45). 

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  w 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 s s m a u i s  o f  a i l  pL,;es 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  
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l i m i t e d  t o ,  t h e  f o l l o w i n g :  

C u l t u r a l  and H i s t o r i c  R e s o u r c e s  
Hydrology 
Geology 
Ground W a t e r  
Surf a c e  Water  
A l t e r n a t i v e  Water  Supply I n f o r m a t i o n  
C l i m a t o l o g i c a l  I n f  orma t i o n  
V e g e t a t i o n  
F i s h  and V i l d l  i f e  R e s o u r c e s  
Endangered  S p e c i e s  
S o i l  R e s o u r c e s  
Land Use 

C 

Minimum s t a n d a r d s  s e t  o u t  by t h e  Act i n c l u d e ,  b u t  a r e  n o t  l i m i t e d  t o ,  

t h e  f o l l o w i n g  : 

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

3 )  F i n a l  s l o p e s  m u s t  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  
pre-mining  s l o p e s .  

4 )  B a c k f i l l  and g r a d i n g  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 1 1  a c i d - f o r m i n g ,  t o x i c - f o r m i n g  o r  c o m b u s t i b l e  m a t e r i a l s  
r e m a i n i n g  a f t e r  m i n i n g  m u s t  b e  c o v e r e d  by a  minimum o f  4 
f e e t  of n o n - t o x i c ,  non-combust i b l e  m a t e r i a l .  

6 )  T o p s o i l  must be  s e g r e g a t e d ,  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 e c l a m a t i o n .  

7 )  D r i l l  h o l e s  must  b e  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  f rom e n t e r i n g  g r o u n d  
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  h y d r o l o g i c  b a l a n c e .  

8 )  S u r f a c e  d r a i n a g e  f r o m  d i s t u r b e d  a r e a s  m u s t  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  p o n d s  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  m e e 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  a n d  
r e g u l a t i o n s .  

9 )  A 1 1  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  f rom m i n i n g  o p e r a t i o n s .  

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 a s s e s s m e n t  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 s  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  s y s t e m  and  reparation 

of a p p l i c a t i o n s  f o r  a  " P r e v e n t i o n  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  ( P S D )  

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 - ~ i r " ,  r e g u l a t e d  by t h e  A l a s k a  

Depa r tmen t  o f  Env i ronmen ta l  C o n s e r v a t i o n .  

W a t e r  Q u a l i t y  and Use 
, 

T h e  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  A g e n c y  a d m i n i s t e r s  t h e  NPDES 

( ~ a t i o n a l  P o l l u t a n t  D i s c h a r g e  a n d  E l i m i n a t i o n  S y s t e m )  p r o g r a m  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  W a t e r  P o l l u t i o n  C o n t r o l  ~ c t ,  as  amended 

by the  C l e a n  W a t e r  A c t  o f  1 9 7 7 .  U n d e r  t h i s  p r o g r a m ,  EPA r e g u l a t e s  

p o i n t  s o u r c e  d i s c h a r g e s  i n t o  a  waterway.  

The A l a s k a  Depa r tmen t  of E n v i r o n m e n t a l  C o n s e r v a t i o n  must  a u t h o r i z e  t h e  

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



a u t h o r i z e d  by t h e  A l a s k a  Department  of N a t u r a l  R e s o u r c e s .  

T h e  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 s  o f  work  s u c h  a s  

c o n s t r u c t i o n  o f  s t r u c t u r e s ,  e x c a v a t i o n  o r  f i l l  i n  " n a v i g a b l e  w a t e r s  o f  

t h e  U n i t e d  S t a t e s ' '  u n d e r  S e c t i o n  10 of t h e  R i v e r s  and  Harbor s  Act .  

The Corps  o f  E n g i n e e r s  a l s o  r e g u l a t e s ,  u n d e r  S e c t i o n  404 of  t h e  C l e a n  

W a t e r  A c t ,  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. w a t e r s ,  

i n c l u d i n g  w e t l a n d s .  

t 

S o l i d  Waste  

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  p roposed  n e t h o d s  of  

o p e r a t i o n  of 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 .  

F i s h  and I J i l d l i f  e  

The A l a s k a  D e p a r t m e n t  o f  F i s 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  f l o w  o r  bed ,  o r  u s e  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  anadromous 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 E ~ R )  must a p p r o v e  c o n s t r u c t i o n  of 

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  

of wa te 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  a n d  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  u s e s  of  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  u n d e r  a  c o m p e t i t i v e  b i d .  

C o a s t a l  Zone 

The G o v e r n o r ' s  O f f i c e  bf Hanagement 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 s ,  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  w i t h  i n  t h e  A 1  a s k a n  C o a s t a l  Zone M a n a g e m e n t .  The p roposed  

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  Managemen t  P l a n .  

A t  t h i s  t ime ,  t h e r e  i s  no  l o c a l  c o a s t a l  zone p l a n  f o r  t h e  a r e a .  
/--- -- r T Z - -  
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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  d e v e l o p  t h e  c o a l  must b e  a c q u i r e d  f rom t h e  

NANA Reg iona l  C o r p o r a t i o n .  

LAND USE/ACCES S  

The Chicago C r e e k  c o a l  f i e l d  h a s  an  i n t e r i m  c o n v e y a n c e  by t h e  B u r e a u  

o f  Land Managemen t  u n d e r  t h e  A l a s k a n  N a t i v e  C l a i m s  S e t t l e m e n t  Act  t o  

t h e  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  a n d  t h e  v i l l a g e  c o r p o r a t i o n  of  

D e e r i n g .  A l t h o u g h  t e c h n i c a l l y  t h e  subsu r f  a c e  r e s o u r c e s  b e l o n g  t o  NANA 
/- 



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

s u b s u r f a c e  of  n a t i v e  conveyed l a n d .  NANA, K o t z e b u e ,  a n d  o t h e r  n e a r b y  

v i l l a g e s  h a v e  a  s t r o n g  i n t e r e s t  i n  development  of l o c a l  c o a l  r e s o u r c e s  

a n d  h a v e  d e s i g n a t e d  a n  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  f r o m  

Ch icago  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  deve lopment .  

PERMITTING ASSESSMENT 

B e c a u s e  m o s t  a p p l i c a t i b 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  o f  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 £  o r m a t i o n ,  e n g i n e e r i n g  

d e s i g n s ,  r e c l a m a t i o n  p l a n s ,  and b a s e l i n e  s t u d i e s - - a l l  of wh ich  s a t i s f y  

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

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 r m i t s  

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  p e r m i t s .  A l lowing  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  w o u l d  e x t e n d  p e r m i t t i n g  s c h e d u l e ,  1 8  t o  2 4  m o n t h s  o f  

p r o c e s s i n g  t i m e  s h o u l d  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  p roceed .  



H I S T O R Y  OF T H E  C H I C A G O  C R E E K  COAL M I N E  

C o a l  was f i r s t  d i s c o v e r e d  on Chicago C r e e k  by g o l d  p r o s p e c t o r s  i n  1 9 0 2  

su off i t t ,  1 9 0 6 ) .  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  o f  1 9 0 4 - 0 5  when g o l d  

was  d i s c o v e r e d  o n  t h e  t e r r a c e s  a b o v e  C a n d l e  Creek  and  t h e  need  a r o s e  

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

c o a l  mine  a r e a  was  s t a k e d  i n  1 9 0 5  a n d  t h e  m i n e  b e g a n  p r o d u c t i o n  i n  

1908.  .. 

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

summer, p r o b a b l y  t o  p r e v e n t  t hawing  and  s u b s e q u e n 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  t h e  summer of 1 9 0 8   ensha haw, 1 9 0 9 )  t h e  c o a l  was b e i n g  

mined t h r o u g h  a  330 f o o t  s h a f t  w h i c h  was i n c l i n e d  a t  a n  a n g l e  o f  1 8  t o  

3 6  d e g r e e s  a n d  w h i c h  r e a c h e d  a  d e p t h  o f  a b o u t  2 0 0  f e e t .  C o a l  was 

b e i n g  e x t r a c t e d  a t  f o u r  l e v e l s ,  l o c a t e d  a t  d e p t h s  o f  3 3 ,  8 0 ,  1 0 0 ,  a n d  

1 4 4  f e e t  b e l o w  t h e  s h a f t  h o u s e .  D u r i n g  t h e  i n t e r v a l  b e t w e e n  t h e  

b e g i n n i n g  of o p e r a t i o n s  and t h e i r  abandonment  i n  1911,  t h e  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  of a b o u t  1 1 0 , 0 0 0  t o n s  ( R e f ? ) .  



PREVIOUS INVESTIGATIONS 

U. S. G e o l o g i c a l  Su rvey  g e o l o g i s t s  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  

w i t h  t h e  S e v a r d  P e n i n s u l a  and i t s  g o l d  f i e l d s  i n  t h e  1 9 0 0 , s  and some 

of t h e s e ,  i n  p a r t i c u l a r  t h o s e  by Moff i t  ( 1 9 0 6 1 ,  Henshaw ( 1 9 0 9 ) ,  a n d  

S n i t h  a n d  E a k i n ,  ( 1 9 1 1 1 ,  r e p o r t e d  o n  t h e  p r o g r e s s  of c o a l  min ing  i n  

t h e  Ch icago  C r e e k  a r e a .  

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  t h e  mine s h u t  down i n  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 of m i n e s  ( ~ o e n g e s  a n d  J o l l e y ,  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  deve lopmen t  of 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  t h e  l o c a l  v i l l a g e s .  

D u r i n g  t h e  l a t e  1 9 7 0 ' s  a n d  e a r l y  1 9 8 0 ' 6 ,  t h e  S t a t e  of A l a s k a  funded  

s e v e r a l  p rog rams  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  a n d  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 of  t h e s e  

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

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  

Ko tzebue  a r e a  a n d  i n  1 9 8 2  a  s t a t e - f u n d e d  e x p l o r a t i o n  p r o g r a m  w h i c h  

i n c l u d e d  1 7 0 0  ( ?  ) f e e t  of d r i l l i n g  was u n d e r t a k e n  a t  Chicago  C r e e k  by 

D e n a l i  D 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 ~  a n d  S t e v e n s ,  1982). I n  1 9 8 3 ,  a  c o n t i n u a t i o n  of  t h e  program 



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 , 8 0 0  f e e t  o f  d r i l l i n g  

( ~ a m s e y  and others, 1983). 



SCOPE OF THIS  STUDY 



BAS I C  AS SU 1.1PT IONS 

1. M i n e - r u n  c o a l  f r o m  t h e  C h i c a g o  C r e e k  a r e a  w i l l  a v e r a g e  a t  l e a s t  
, 6 5 0 0  B T U / ~ ~ .  ( t e s t s  t o  d a t e  h a v e  y i e l d e d  a n  a v e r a g e  v a l u e  o f  

6 9 8 7 ) .  

2 .  T h e  e l e c t r i c a l  d e m a n d  o f  K o t z b u e  a n d  e n v i r o n s  w i l l  r e q u i r e  
consumpt ion  of an  a n n u a l  mine p r o d u c t i o n  o f  50,000 t o n s  of c o a l .  

3 .  The mine and power p l a n t  w i l l  e a c h  h a v e  a  t h i r t y - y e a r  l i f e  span .  

4 .  E q u i p m e n t  c o s t s  a r e  based  on  c u r r e n t  p r i c e s ,  and a l l  c o s t s  a r e  f o r  
new r a t h e r  t h a n  used equipment .  

5 .  E x i s t i n g  a n d  comhlonly  u s e d  t e c h n o l o g y  a r e  c h o s e n  o v e r  m o r e  
i n n o v a t i v e  methods  which have  n o t  been  p r o v e n  i n  n o r t h e r n  Alaska .  

6 .  Nana R e g i o n a l  c o r p o r a t i o n  i s  assumed t o  be an a c t i v e  p a r t i c i p a n t ,  
t h u s  r e d u c i n g  o r  n e g a t i n g  l a n d s  c o s t s  and p e r m i t t i n g  p rob lems .  

7 .  The  power  p l a n t  w i l l  be f i n a n c e d  t h r o u g h  an REA l o a n  o r  some o t h e r  
e x i s t i n g  p u b l i c  u t i l i t y  f i n a n c i n g  p r o c e s s ,  t h e  m i n e ,  h o w e v e r ,  i s  
a s s u m e d  t o  s u p p o r t  a  r e a s o n a b l e  l e v e l  of p r o f i t  f o r  t h e  o p e r a t i n g  
e n t i t y .  

8.  F i n a n c i n g  o f  t h e  c a p i t a l  c o s t s  o f  t h e  mine  a r e  assumed t o  be by 
t h e  exdee-ex  method,  a t  an  a n n u a l  i n t e r e s t  r a t e  of  10%.  

T h e s e  a s s u m p t i o n s  have  been chosen  t o  e r r  on  t h e  s i d e  of i o n s e r v a t i s m .  

I n  some c a s e s  new t echno logy  o r  t h e  u s e  of  u sed  equipment  m i g h t  r e s u l t  

i n  s u b s t a n t i a l l y  r educed  c o s t s .  ' 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  t h e s e  p o s s i b l e  s a v i n g s  w h e r e  t h e y  h a v e  b e e n  i d e n t i f i e d .  Some 

s i m p l i f y i n g  a s s u m p t i o n s ,  such  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  avo id  c o m p l i c a t e d  s c e n a r i o s  b a s e d  o n  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  . These  s i m p l i f y i n g  a s s u m p t i o n s  w e r e  

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



F o r e c a s t i n g  m a r k e t  demands  f o r  t h e  K o t z e b u e  a r e a ,  a s  i n  t h e  c a s e  of 

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

R e c e n t  r e p o r t s  by Dames and Moore ( 1 9 8 1 ,  1 9 8 3 1 ,  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  ( 1 9 8 2 ) ,  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  ( 1  9 8 4 1 ,  a n d  

I n t e r n a t i o n a l  E n g i n e e r s ,  I n c .  c o n t a i n  e s t i m a t e s  of  l o a d  growth b o t h  

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

on  a  tr  a n s m i s s i o n  n e t .  

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

u s i n g  C h i c a g o  C r e e k  c o a l  B t u l l b .  f i g u r e s  a n d  s u m m a r i z e d  i n  t h e  

f o l l o w i n g  t a b l e s :  



TABLE 1 

Coal  R e q u i r e d  f o r  E l e c t r i c a l  Demand ( K o t z e b u e )  

1. E l e c t r i c  Power G e n e r a t i o n ,  Dames and Moore, 1 9 8 1 .  

2. C o a l - F i r e d  C o - G e n e r a t i o n ,  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  a n d  
O t h e r s ,  1982. 

3. E l e c t r i c  Power G e n e r a t i o n ,  A r c t i c  S l o p e  E n g i n e e r s ,  1984 .  

4 .  E l e c t r i c  P o w e r  G e n e r a t i o n ,  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 ( a s suming  1 0 , 0 0 0  ~ t u / K w h ) .  

5 .  E l e c t r i c  P o w e r  G e n e r a t i o n ,  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., I n c .  
1985 ( a s suming  25X p l a n t  e f f i c i e n c y ) .  



TABLE 2 

C o a l  R e q u i r e d  f o r  E l e c t r i c a l  G e n e r a t i o n  
( K o t z e b u e  and S u r r o u n d i n g  v i l l a g e s * )  

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 .  

* I n c l u d e s  K o t z e b u e ,  B a c k l a n d ,  D e e r i n g ,  K i a n g ,  N o o r v i k ,  and  ~ e l a w i k  



TABLE 3 

Coal Required f o r  D i r e c t  Heat ** 
(Kotzebue)  

1 .  Dames and Moore, 1 9 8 1 .  

2 .  A r c t i c  S l o p e  Eng ineers ,  1984 .  

** I n c l u d e s  cooking  and hot w a t e r  energy demands. 



TABLE 4 

Coal Required for  D i r e c t  Heat ** 
( ~ o t z e b u e  and Surrounding V i l l a g e s * )  

1 .  Dames and Moore, 1981 . 
2 .  A r c t i c  S l o p e  Engineers, 1984 .  

* I n c l u d e s  Kotzebue ,  Backland, Deer ing ,  Kiang,  Noorvik,  and S  e l a w i k  
** I n c l u d e s  c o o k i n g  and h o t  water energy  demands. 



GEOLOGICAL SUMlfiRY 

The Chicago C r e e k  c o a l  d e p o s i t  c o n s i s t s  of one  f a i r l y  c o n t i n u o u s  seam 

s t r i k i n g  n o r t h - s o u t h  and  d i p p i n g  45 d e g r e e s  w e s t .  T h e r e  i s  l o c a l  

t h i c k e n i n g  i n  t h e  v i c i n i t y  of  Chicago Creek  ( 8 8  f e e t  t r u e  t h i c k n e s s ) ,  

a l t h o u g h  a v e r a g e  t h i c k n e s s  a p p e a r s  t o  b e  o n  t h e  o r d e r  of  20 t o  3 0  

o r g a n i c s  a n d  a v e r a g e s  25 f e e t  t h i c k .  A l l  d r i l l i n g  d o n e  t o  d a t e  

s u g g e s t s  t h a t  t h e  d e p o s i t  i s  open ended b o t h  n o r t h  and s o u t h ,  a l t h o u g h  

t e c t o n i c  p r o b l e m s  e x i s t .  F u r t h e r  d r i l l i n g  i s  p l a n n e d  downd ip  t h i s  -. 
summer t o  c o n f i r m  c o a l  t h i c k n e s s  a t  d e p t h .  

BAS I C  A S  SUNPT IONS 

The s c e n a r i o  we a r e  c o s t i n g  o u t  a s  an  o p t i o n  t o  d i e s e l  e l e c t r i c a l  a n d  

e l e c t r i c a l l s t e a m  c o g e n e r a t i o n  i s  a s  f o l l o w s .  A 1 0  m e g a w a t t  

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

K o t z e b u e .  A l t h o u g h  c u r r e n t  demand i s  o n  t h e  o r d e r  of  7 - m e g a w a t t s ,  a  

10 megawatt  p l a n t  i s  t h e  s m a l l e s t  "of f  t h e  s h e l f "  c o a l  p l a n t  a v a i l a b l e  

a n d  s h o u l d  p r o v i d e  a b u f f e r  f o r  a n t i c i p a t e d  f u t u r e  demand. An open 

p i t  c o a l  mine a t  Ch icago  Creek  w i l l  b e  d e v e l o p e d  w h i c h  w i l l  s u p p l y  t h e  

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

t h e  p l a n t  l i f e  o f  30 y e a r s .  Coal  w i l l  be s t r i p p e d ,  m i n e d ,  a n d  h a u l e d  

by t r u c k  10  m i l e s  t o  t l i l l o w  Bay where i t  i s  t h e n  s t o c k p i l e d .  L a t e r  i t  

i s  p l a c e d  on b a r g e s  and  t r a n s p o r t e d  50 m i l e s  a c r o s s  K o t z e b u e  Sound f o r  

consumpt ion .  





PROPOSED 1985 DRILLING, CHICAGO C m E K  

SCALE: 1" = 500' 



A l l  e x p e n s e  d a t a  d e v e l o p e d ,  a s  w e l l  a s  a l l  d e v e l o p m e n t a l  a n d  c a p i t a l  

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

"out  of ~ o c k e t " ,  and t h e  c o s t  of c a p i t a l  i s  n o t  a d d r e s s e d .  

PIT DESIGN 

Mining  s e q u e n c e  w i l l  p roceed  from s o u t h  t o  n o r t h ,  t h e  i n i t i a l  o p e n  p i t  

b e i n g  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 r v e s  n e a r  Ch icago  C r e e k  a t  

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

t o o k  p l a c e  e a r l y  t h i s  c e n t u r y .  ( P i t  l i m i t s  a l o n g  s t r i k e  a n d  

n o m e n c l a t u r e  u s e d  a r e  a s  p r e s e n t e d  i n  a n  e a r l i e r  r e p o r t  (C. C .  H a w l e y ,  

. R e f e r  t o  T a b l e  2 f o r  p i t  d a t a  summary.) Ch icago  C r e e k  i s  t o  

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

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

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

e x h a u s t i o n ,  s t r i p p i n g  w i l l  b e g i n  o n  S e g m e n t  I1 p i t  a d j a c e n t  t o  t h e  

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

s equence  i s  t o  be f o l l o w e d  f o r  t h e  r e m a i n d e r  of t h e  mine l i f e .  

A d m i t t e d l y ,  l i t t l e  i s  known abou t  t h e  p o t e n t i a l  p i t  s l o p e  s t a b i l i t i e s  ; 

d r i l l i n g  t o  d a t e  i n d i c a t e s  w a l l  r o c k  t o  be  r e a s o n a b l y  compe ten t .  Coal  

and w a l l  r o c k  a l i k e  a p p e a r  t o  be 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  r e m a i n  r e a s o n a b l y  s t a b l e  and l i t t l e ,  i f  any ,  g round  w a t e r  w i l l  

be e n c o u n t e r e d .  T h e r e f o r e ,  t h e  p i t  h i g h w a l l  h a s  b e e n  d e s i g n e d  a t  112  

t o  1 w h i c h  was u t i l i z e d  a t  t h e  H e a l y  and  C h i c k a l o o n  c o a l  o p e r a t i o n s .  

U l t i m a t e  p i t  d e p t h s  o f  275 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  



OPEN - P/  T AND D/VERS/ON 'DAM - DETA/L 
Scale : .. j 'Ir = J~o-. ' .  



TYPICAL SECTION - SEGMENT I 
SECTION A-A' 







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 

8.H'- Bunk house (2500 sf) - 
C.K. - Cafeteria-Kitchen (1500sf) E lect r ic  Distribution 
R - Recreation (1000sf) -Y- 

EM.- Future Employee Modules Water Supply 

G. - Power Supply 

SKETCH O F  PROPOSED CAMP FAC/L /T /€S  

Sca le :  1 "  400' 



Segment  I and 11 p i t s ,  170 f e e t  f o r  Segment I V  p i t .  

F o r  many y e a r s ,  i f  s l o p e  f a i l u r e  i s  t o  o c c u r ,  i t  w i l l  p r o b a b l y  be  

a l o n g  o r  b e h i n d  t h e  f o o t w a l l  of t h e  seam. S t r i p p i n g  n o  m o r e  t h a n  two 

y e a r s  i n  a d v a n c e  a l l o w s :  (1) t h e  t o e  of t h e  seam t o  be b u t r e s s e d  and 

( 2 )  i f  mass ive  sudden  s l o p e  f a i l u r e  does  o c c u r ,  i t  w i l l  o n l y  d e s t r o y  a  

maximum o f  two y e a r s '  s u p p l y  o f  s t r i p p e d  c o a l .  I n  a  t y p i c a l  y e a r ,  

ample  t i m e  r e m a i n s  i n  A u g u s t  and September  f o r  r e m e d i a l  s l o p e  r e p a i r s  

s h o u l d  t h e y  become n e c e s s a r y  ( s e e  O p e r a t i o n s  s e c t i o n ) .  
k 

A c c e s s  i n t o  Segment I p i t  w i l l  be ga ined  by c u t t i n g  a n  a c c e s s  s l o t  t o  

t h e  w e s t  a n d  b u i l d i n g  a  h a u l  r o a d  a t  a  -15% g r a d e  i n t o  t h e  p i t  

h i g h w a l l  ( s e e  Appendix  B f o r  t y p i c a l  p i t  s e c t i o n s ) .  Segment  11 and  I V  

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

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

a c c e s s  s l o t s  o f  any magn i tude .  

No p i t  i s  c u r r e n t l y  p l a n n e d  f o r  t h e  S e g m e n t  I11 a r e a ;  d r i l l  d a t a  

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

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

t h i s  a r e a ,  S e g m e n t  111 c o u l d  b e  mined  a s  w e l l  a s ,  o r  i n s t e a d  o f ,  

Segment I V .  

DEVELOPMENT ACTIVITIES -- CAMP AND HAUL ROAD 

Development  of t h e  mine  w i l l  r e q u i r e  a  camp, a l l - w e a t h e r  a i r s t r i p ,  a n d  

22 



s u i t a b l e  h a u l  r o a d  b u i l t  p r i o r  t o  t h e  o n s e t  of p r o d u c t i o n  ( ~ i ~ u r e  1 ) .  

H a u l  r o a d  a n d  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 - y e a r  ~ e r i o d .  

Heavy equ ipmen t ,  f u e l ,  and t empora ry  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  W i l l o w  Bay i n  t h e  f a l l .  The  n e x t  s p r i n g ,  t h e  s p r i n g  o f  Year  1 i n  

F i g u r e  1 ,  b e f o r e  b r e a k u p ,  t h e  e q u i p m e n t  a n d  c a m p  w i l l  b e  m o v e d  

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  a n d  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 p r i m a r i l y  u t i l i z i n g  g r a v e l s  r e m o v e d  

f r o m  t h e  n e a r b y  Kugarok  R i v e r  b a r s  and f l o o d p l a i n s  and t h e  equipment  

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

a b o u t  10  m i l e s  l o n g  a n d  w i l l  b a s i c a l l y  be  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  w i d e  and 5  f e e t  t h i c k .  A b o u t  3 5 0 , 0 0 0  c u b i c  y a r d s  o f  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  somewha t  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 and s e r v e  a s  a n  a i r s t r i p .  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 ,  bunkhouse  a r e a ,  and a  

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

r o a d  a t  W i l l o w  Bay. Approx ima te ly  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  b e  needed  f o r  t h e s e  p u r p o s e s  ( T a b l e  1 ) .  ( A  t o t a l  g r a v e l  r e s o u r c e  

b a s e  o f  5 0 0  , 0 0 0  y a r d s  i s  a s s u m e d  f o r  c o n s t r u c t i o n . )  B e c a u s e  a  

m a j o r i t y  of  t h e  a n n u a l  heavy h a u l i n g  w i l l  t a k e  p l a c e  w h i l e  t h e  r o a d b e d  

i s  e s s e n t i a l l y  f r o z e n  i n  A p r i l ,  t h i s  r o a d  w i l l  n o t  b e  b u i l t  as "heavy 

d u t y "  a s  o t h e r w i s e  r e q u i r e d .  F i v e  m o n t h s  w i l l  b e  r e q u i r e d  t o  b u i l d  

t h i s  r o a d .  

T a b l e  2 p r e s e n t s  a  d e t a i l e d  b r e a k d o w n  of  d e v e l o p m e n t a l  c o s t s .  P r i o r  

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

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  need  t o  be u n d e r t a k e n .  Temporary camp 



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

c o m p l e t e d ,  t h e  end  o f  t h e  second y e a r .  F i n a l l y ,  a  c o n t i n g e n c y  f a c t o r  

of 15% i s  added  due  t o  t h e  s c a r c i t y  of  d a t a  a v a i l a b l e  on e x i s t i n g  s i t e  

c o n d i t i o n s .  

B o t h  i n i t i a l  and a n n u a l  permanent  camp c o s t s  a r e  a d d r e s s e d  i n  T a b l e  4 .  

A permanent  camp w i t h  c o m p l e t e  f a c i l i t i e s  f o r  25 men,  a s  w e l l  a s  a  

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

permanent  f u e l  s t o r a g e  t a n k s ,  a r e  t o  be  d e l i v e r e d  t o  Wil low Bay d u r i n g  
5 

t h e  f a l l  o f  t h i s  f i r s t  y e a r .  Inasmuch a s  many c o n s t r u c t i o n  m a t e r i a l s  

w i l l  b e  d e l i v e r e d  i n  c o n t a i n e r s ,  e x c e s s  c o n t a i n e r s  c a n  b e  u s e d  a s  

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

some p r o j e c t  i t e m s .  T h e  i n i t i a l  camp h a s  d i e s e l  g e n e r a t o r s ,  w i t h  

p a i r e d  1 5 0  KW and 50 KW u n i t s  t o  be u s e d ,  r e s p e c t i v e l y ,  d u r i n g  work ing  

and s t a n d b y  p e r i o d s .  Waste  h e a t  f rom t h e  u n i t s  would l a r g e l y  b e a t  t h e  

i n s u l a t e d  6 0 '  X 140 '  s h o p / w a r e h o u s e .  I n  f u t u r e  y e a r s ,  d e p e n d i n g  o n  

d i e s e l  c o s t ,  a  s m a l l  c o a l  sys t em c o u l d  b e  i n s t a l l e d  f o r  p r i m e  power .  

D u r i n g  t h e  n e x t  s p r i n g  a n d  summer ( y e a r  2 1 ,  the permanent  camp i s  t o  

b e  c o n s t r u c t e d ,  c o n c u r r e n t  w i t h  t h e  o n s e t  o f  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  occupancy i s  p l a n n e d  f o r  t h e  s t a r t  of Year  3 .  

OPERATIONAL ACTIVITIES -- STRIPPING AND M I N I N G  

The s h o r t  w o r k i n g  s e a s o n ,  r e l a t i v e l y  s m a l l  d e m a n d ,  s m a l l  p r o v e n  

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

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



a s p e c t s  o f  t h e  C h i c a g o  C r e e k  Mine u n i q u e .  S t r i p p i n g  a n d  m i n i n g  

a c t i v i t i e s  w i l l  b e  k e p t  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  w a r m  w e a t h e r  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 .  O p e r a t i o n s  b e g i n  i n  e a r l y  A p r i l  when 

5 0 , 0 0 0  t o n s  o f  c o a l  ( o n e  y e a r ' s  d e m a n d )  w h i c h  w a s  s t r i p p e d  t h e  

p r e v i o u s  s e a s o n  i s  m i n e d  a n d  h a u l e d  t o  W i l l o w  Bay a n d  s t o c k p i l e d .  

T h i s  min ing  and  h a u l i n g  w i l l  t a k e  one  month. The  c r e w s  t h e n  b e g i n  o n  

t h a t  y e a r ' s  s t r i p p i n g  o p e r a t i o n ,  which w i l l  c o n t i n u e  f o r  an a v e r a g e  of 

3 t o  4 m o n t h s ,  d e p e n d i n g  o n  t h e  c u r r e n t  d e p t h  o f  p i t .  S t r i p p i n g  
Z 

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

September  1. 

A summary o f  p r o p o s e d  m i n i n g  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  5 .  S t r i p p i n g  i s  s o  s c h e d u l e d  t h a t  a t  l e a s t  o n e  y e a r ' s  c o a l  

s u p p l y ,  b u t  n o  m o r e  t h a n  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  exposed  

b e f o r e  t h e  summer ' s  s t r i p p i n g  i s  c o m p l e t e .  C o a l  m i n i n g  i n  A p r i l  

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

f r o z e n  r o a d  b a s e ,  m i n i m i z i n g  m a i n t e n a n c e  a n d  o p e r a t i n g  c o n s t r u c t i o n  

c o s t s .  Due t o  t h e  low s t r i p p i n g  r a t i o  i n  Segment  I p i t ,  t h e r e  w i l l  be 

y e a r s  when no s t r i p p i n g  a c t i v i t i e s  w i l l  t a k e  p l a c e .  

E ~ u i ~ m e n t  S e c t  i o n  

S e v e r a l  u n i q u e  p r o b l e m s  m a n i f e s t  t h e m s e l v e s  i n  equ ipmen t  s e l e c t e d  f o r  

t h e  p r o j e c t .  Equipment  y e a r l y  u s e  t ime  i s  l o w - - a v e r a g i n g  1 , 0 0 0  h o u r s  

a n n u a l l y .  Volume t o  be  moved i s  a l s o  s m a l l - - t o t a l l y  6 ,165 ,351  c u b i c  



y a r d s  of  o v e r b u r d e n  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  

2 0 5 , 5 1 0  c u b i c  y a r d s  a n d  50 , 0 0 0  t o n s  a n n u a l l y .  Due t o  t h e  r e m o t e n e s s  

of t h e  l o c a t i o n ,  e x c e s s i v e  equipment  downtime would  h a v e  a  s i g n i f i c a n t  

n e g a t i v e  i m p a c t  o n  p r o d u c t i o n  a n d  e x p e n s e s ,  much more s o  t h a n  i f  t h e  

l o c a t i o n  were  l e s s  r emote .  Theref  o r e ,  new e q u i p m e n t ,  r a t h e r  t h a n  good  

u s e d  o r  new u s e d  e q u i p m e n t ,  has  been s p e c i f i e d  f o r  t h e  p r o j e c t .  T h i s  

equipment  s u i t e  i s  t ime p roven  i n  A laskan  c o n d i t i o n s  i n  p l a c e s  s u c h  a s  

H e a l y  a n d  t h e  N o r t h  S l o p e .  A c o m p l e t e  l i s t i n g  o f  e q u i p m e n t  a n d  

a s s o c i a t e d  c o s t s  i s  i n  T a b l e  6 .  
t 

A s  e a r l i e r  s t a t e d ,  l i t t l e  i s  k n o w n  a b o u t  t h e  c o m p e t e n c y  of  t h e  

w a l l r o c k .  T h e r e f o r e ,  s t r i p p i n g  i s  c o s t e d  o u t  a s s u m i n g  t h e  r o c k  i s  t o  

b e  b o t h  d r i l l e d  a n d  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  a n d  

pushed  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  b e  a c c o m p l i s h e d  

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,  w h i l e  

r i p p i n g  a n d / o r  r i p p i n g / ~ 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 C a t  245  

b a c k h o e  w i t h  a  C a t  9 8 8  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  3 5 0  a l l - w h e e l  d r i v e  p a y h a u l e r s  w i t h  a n  e x t r a  o n e  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 was 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  a D - 9  o r  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  

p r o d u c t i o n  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  e n v i r o n m e n t s  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  P a y h a u l e r s  w i l l  come e q u i p p e d  w i t h  b o t h  50- ton  c o a l  

b o x e s  a n d  21 c u b i c  y a r d  r o c k  b o x e s ,  s o  t h e y  c a n  h a u l  b o t h  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 l l s  w e l l  w i t h i n  m a n u f a c t u r e r ' s  r e c o m m e n d a t i o n s  f o r  t h i s  t y p e  o f  

u s a g e .  We h a v e  a s sumed  t h e  equipment  would be r e p l a c e d  t w i c e  w i t h  an 

e q u i v a l e n t  equipment  s p r e a d .  H o w e v e r ,  by t h e  e n d  o f  1 0  y e a r s ,  both 

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  o f  t h e  o p e r a t i o n  w i l l  b e  w e l l  worked o u t  

a n d  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 r o v e n  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  of  equipment  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  m i n i n g  p l a n s  o r  s e q u e n c e  o r  

p r o d u c t i o n  r a t e  can be 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 ,  r a t h e r  t h a n  

p l a n n i n g  a  3 0 - y e a r  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  of 

equ ipmen t  s u c h  a s  a  l a r g e  d r a g l i n e .  

L a b o r  

C 

T a b 1  e  8 summar izes  t h e  a n n u a l  l a b o r  c o s t  and crew s i z e  a s  e x p e c t e d .  A 

f u l l y  b u r d e n e d  w a g e  r a t e  o f  $ 3 5 / h o u r  i s  u s e d  i n  t h e  a n a l y s e s  a n d  

i n c l u d e s  all o v e r t i m e  and  e m p l o y e r ' s  c o n t r i b u t i o n s .  It i s  f e l t  t h a t  

t h e  superintendent/engineer, fo reman ,  and  shop f o r e m a n  a r e  k e y  p e o p l e  

t o  t h e  f i e l d  o p e r a t i o n  a n d  s h o u l d  be  p a i d  yea r - round  t o  i n s u r e  t h e i r  

a v a i l a b i l i t y .  They could  be  o f ,  l i m i t e d  u s e  i n  t h e  K o t z e b u e  o f f i c e  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  employed  i n  a n  a t t e m p t  t o  

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

d e t a i l e d .  A l though  a l l  o f  t h e  h o u r l y  employees  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 ) ,  i t  i s  v e r y  l i k e l y  t h a t  s e v e r a l  o f  t h e  

i n i t i a l  s a l a r i e d  a n d  y e a r - r o u n d  c r e w  w i l l  n eed  t o  be b r o u g h t  i n  from 

o u t s i d e  t h e  i m m e d i a t e  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  s e e  t h a t  t h e i r  s a l a r i e s  a r e  

h i g h  enough 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 .  

SUMMARY OF COSTS 

The a v e r a g e  a n n u a l  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  s u m m a r i z e d  i n  

T a b l e  9 .  T h i s  s h o w s  t h a t  t h e  a v e r a g e  a n n u a l  c o s t  t o  s t r i p  and  h a u l  

50,000 t o n s  of c o a l  t o  s t o c k p i l e  a t  Wi l low 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 ,  t o  be $2 ,446 ,000 o r  $48.92 p e r  t on .  

A l though  a  mine  l i f e  o f  30 y e a r s  i s  p l a n n e d ,  a v a i l a b l e  d a t a  s u g g e s t s  

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

s h o u l d  t h e  mine  l i f e  be e x t e n d e d , o r  y e a r l y  p r o d u c t i o n  i n c r e a s e d .  T h e  

o p e r a t i o n  c o s t  e d  o u t  i n  t h i s  r e p o r t  c o u l d  s t r i p  and  mine a t  l e a s t  50% 

more c o a l  a t  s i m i l a r  s t r i p p i n g  r a t i o s  b e f o r e  a  change  i n  t h e  o p e r a t i o n  

would b e  r e q u i r e d .  

A s h a l l o w i n g  o f  t h e  a n t i c i p a t e d  h i g h w a l l  s l o p e  of 1 / 2 : 1  o r  f o o t w a l l  

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

s u b s e q u e n t  m i n i n g  c o s t s .  



TABLE 1 

G r a v e l  Needs f o r  Road, A i r f i e l d ,  Canp, and Pad  C o n s t r u c t i o n  

Approx ima te  
Thousand 

C u b i c  Yards3  

1. Road 

A. 1 0  M i l e s  X 35 F e e t  X 5  F e e t  350  

5 
2.  O the r  

A. E x t r a  M a t e r i a l  f o r  A i r s t r i p  
( 35' X 5 ,280 '  X 5') 34  

B. ~ h o ~ / ~ e n e r a t o r / ~ u e l  S t o r a g e  Pad 
(200 '  X 250' X 10') 19  

C. ~ u n l c h o u s e / ~ a f e t e r i a / ~ e c r e a t i o n / ~ o u s i n ~ /  
D r a i n  F i e l d  Pad:  

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

( 35' X 3 ,000 '  X 5 ' )  
E. b7i l low B a y  Load-out Pad 

S u b t o t a l  1 1 3  = 1 1 5  

Approx ima te  T o t a l  485 = 500 



TABLE 2 

P i t  Data Summary 

Coal  Thickness  

Dip  

Depth o f  Overburden 

T o t a l  V e r t i c a l  Depth 

Length  

S t r i p p i n g  Volume 

Coa l  Volume 

Years t o  be  Mined 

S t r i p p i n g  Rat io  

S e-went I Segment I1 S egrnent IV 
P i t  P i t  P i t  

88' 20 ' 28' 



TABLE 3 

D e v e l o p m e n t a l  C o s t s  

Road & A i r s  t r i p  C o n s t r u c t i o n ,  
1 s t  Y e a r  ( 5  ~ o n t h s ) :  

F i e l d  L a b o r  
E q u i p m e n t  C o s t  
Home Off i c e  6 S a l a r i e s  
A i r  T r a n s p o r t a t i o n  
C u l v e r t s  & B r i d g e s  
T e m p o r a r y  Camp C o s t s  
V a t e r  S u p p l y  Sys tem 
D r a i n  F i e l d s  

1 5 %  C o n t i n g e n c y  

T e n p o r a r y  Camp C o s t s ,  2nd Y e a r  

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  
P l  a n n i n g  & E n g i n e e r i n g  

TOTAL DEVELOPPENTAL COST $ 4 , 2 9 5 , 0 0 0  

ANNUALIZED DEVELOPkIENT COST = $ 4 , 2 9 5 , 0 0 0 / 3 0  = $ 1 4 ~ ~ 6 6 7  



- -- 

TABLE 4 

Permanent Camp C o s t s  

I n i t i a l  C o s t s :  

Caf e t e r i a /  Bunkhouse F a c i l i t i e s  ( 2 5  p e o p l e )  
Bunkhouse 2,500 SF 
C a f e t e r i a  & K i t c h e n  1 ,500  SF 
R e c r e a t i o n  1 ,000  SF 
Shower 750 SF 

5 ,750  SF @ $ 8 5 1 ~ ~  = $ 488,750 

~ h o ~ / ~ a r e h o u s e /  Off i c e  
warehouse  / Off i c e  4 ,000  SF @ $ 6 0 1 ~ ~  = 600,000 
Shop ( 3  Bay,  

6 0 ' X  100') 6 ,000  SF @ $120/SF = 7 2 0 , 0 0 0  = 960,000 

U t i l i t i e s  
G e n e r a t o r  ( 2  - 150  KW); 

Smith G e a r  ( 2 -  50 KW) 
T r a n s m i s s i o n  System 
Water  Hookup 
Sewer Hookup 

F u e l  Tanks  ladder) 125,000 GAL @ $ 6 0 1 ~ ~ ~  = 7  5 ,000  

TOTAL INITIAL COST 
COST~YEAR FOR 30-YEAR LIFE 

Annual  C o s t s  : 

S u p p l i e s  (Food)  $2O/~an-Day X 20 1,Ien X 150 Days ; $ 60 ,000  

E l e c t r i c a l  G e n e r a t i o n  
Fuel--1.  15.0 Gal /Hr  X 1 2  Hrs/Day 

X 150  Days X $1 ,25 /Ga l  33 ,7  50 

2.5 ~ a l / H r  X 12  Hrs/Day 
X 150  Days X $1.25/Gal 

2.  2.5 G a l / ~ r  X 24 H ~ S / D ~ Y  
X 215 Days X $ 1 . 2 5 / ~ a l  16 ,125 

55 ,500  
M a i n t e n a n c e  27 ,7 50 

R e s e r v e  t o  R e p l a c e  @ 10 Y e a r s  1 5 , 0 0 0  = 98,250 

M i s c e l l a n e o u s  Main tenance  5 0 , 0 0 0  

TOTAL ANNUAL COST 
+ 15% CONTINGENCY 



TOTAL ANNUALIZED INITIAL COST + ANNUAL COST 



TABLE 5 

Mining and S t r i p p i n g  Summary 

Year 14011th~ Operat iona l  Coal Product ion  P i t  S t r i p p i n g  
( t o n s )  ( cy  

B U I L D I N G  H A U L  ROAD 

Coal S t o c k p i l e  
23 4,000 
312,000 
312,000 
312,000 



TABLE 6 

Equipment Owner s h i p  & 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  ~ o s t / ~ o u r  
1 / 21 

350  P a y h a u l  e r s  
4  - O p e r a t i n g  $1,46 7 , 7  20 $323 .28 
1 - S t a n d b y  366 ,930  36 -69 

C a t  245 Backhoe 510 ,850  91.90 
C a t  D-9L ( 2  EA) t 958 ,502  217.24 
Ca t  D-7 217 ,350 54  .OO 
C a t  16G B l a d e  296 ,100  55 .74 
C a t  9 8 8  S t andby  90 ,000  9 .OO 
R o t a r y  D r i l l  269,000 60 .OO 
Anfo Truck  55 ,000  1 5  .OO 
Coa l  D r i l l  20,000 
Lube-Welder T r u c k  8 8 , 0 0 0  
Boom Truck  84 ,500  
F u e l  T ruck  3 0 , 0 0 0  
Lowboy 6 0 , 0 0 0  
P i c k u p s  ( 4  EA) 60 ,000  
Suburban  ( 1  EA) 20,000 
M i s c e l l a n e o u s  Equipment  20 ,000  
Shop Equipment  1 5 0 , 0 0 0  

TOTAL YEARLY EQUIPMENT COST 

1/ FOB W i l l o w  Bay 

2/ 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 , 0 0 0  h o u r s  p e r  y e a r .  



TABLE 7  

Powder C o s t s  

Purchase  @ S e a t t l e  
F r e i g h t  t o  Wil low Bay 

Add 1 GAL D i e s e l  @ $ 1 . 2 5 / ~ A ~  

.21 /Lb .  
$ .36 /Lb .  or $36 .00 /100  Lb. 

1 . 2 5  
$-/lo0 Lb, 

At a power f a c t o r  o f  1 ,  t h i s  y i e l d s  $ .37 / cy  

Yearly  Cost = $ . 3 7 / c y  X 6 , 1 6 5 , 3 5 1  cy = $ 2 0 5 , 5 1 2  = $ 7 6 , 0 3 9  



TABLE 8 

Year ly  Labor C o s t s  

Sunmer F i e l d  L a b o r :  
* 1 - S u p e r i n t e n d e n t  / ~ n ~ i n e e r  
* 1 - ~ i n i n ~ / S t r i p p i n g  Foreman 

4 - Truck  D r i v e r s  . 
4 - O p e r a t o r s  
1 - L a b o r e r  

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

17 - TOTAL 

17 X 1 ,000  H r s  Each X $ 3 5 / ~ r  Avg 

* W i n t e r  S a l a r i e s  ( 3  X $ 4 , 5 0 0 / ~ 0  X 7  NOS)  

Win te r  C a r e t a k e r  ( 1  X $ 1 , 5 0 0 / ~ 0  X 7 M O S )  

TOTAL MINE LABOR COSTS 

Home O f f i c e  i n  Kotzebue  ( w l b e n e f i t s ) :  
1 - S e c r e t a r y / ~ e c e ~ t i o n i s t  
1 - A c c o u n t a n t  
1 - G e n e r a l  Manager 
1 - E x p e d i t e r  

TOTAL HOkIE OFFICE COST 

TOTAL ANNUAL HOME OFFICE + MINE LABOR COST = $910,000 



TABLE 9 

Summary of 
Average  Annual  C o s t s  f o r  Chicago  C r e e k  Mine 

t 

Deve lopmen ta l  Cost  

Camp C o s t  

Mine Labor Cos t  

Home O f f i c e  Labor  C o s t  

Equipment Ownersh ip  & O p e r a t i n g  Cost  

Powder C o s t  

A i r  T r a n s p o r t a t i o n  

Home Off i c e  Rent & U t i l i t i e s  

TOTAL ANNUAL COST 

Rounded To 
N e a r e s t  

Thousand 

ANNUAL COST PER TON OF COAL MINED = $ 2 , 4 4 6 , 0 0 0  / 5 0 , 0 0 0  TONS 
= $ 4 8  . ~ Z / T O N  



APPENDIX A 

Volume C a l c u l a t i o n s  

Fo r  e a c h  segment p i t ,  t y p i c a l  c r o s s - s e c t i o n  r e f e r  t o  F i g u r e s  , , a n d  -- 
C a l c u l a t i o n s  a r e  b a s e d  on simp1 e  g e o m e t r i c  s h a p e s  o b t a i n e d  t h e r e f r o m .  

I Segment I P i t  

T r u e  C o a l  T h i c k n e s s  = 88' 
Dip  = 4 5  D e g r e e s  
H o r i z o n t a l  Coal  T h i c k n e s s  = 122' 
O v e r b u r d e n  T h i c k n e s s  25' 
V e r t i c a l  Depth of Coal Mined = 250' 
L e n g t h  o f  P i t  = 700' 

= 985,950 Tons 

Less  100 ,000  Tons P r e v i o u s l y  Mined Underg round  
= 885 ,950 Tons 

Years  R e s e r v e s  @ 50,000 TPY = 17 -7 Y e a r s  
, 

S t r i p p i n g  Volume: 

Overburden  645' Wide X 25' Deep X 760' Long / 27 = 453 ,889  CY 

A c c e s s  S l o t :  

88' Wide (Avg.) X 25' Deep X 333' Long / 27 = 27 ,133  C Y  

Rock: 

TOTAL STRIPPING 2,154,466 CY 

V e r t i c a l  F a c e  F e e t  of Coal R e q u i r e d  t o  P r o d u c e  1 Year 's  C o a l  S u p p l y :  

50 ,000  T 122' Wide X 700' Long X D Depth  X 800 # /CF  

2 ,000  #/Ton 

D = 14.6 F e e t  



P i t  S t r i p p i n g  R a t i o  = 2 ,154 ,466  CY / 885 ,950  T = 2 . 4 : l  

11. Segment 11 P i t  

True  Coa l  T h i c k n e s s  = 20' 
Dip = 4 5  D e g r e e s  
H o r i z o n t a l  Coa l  T h i c k n e s s  = 28' 
Ove rbu rden  T h i c k n e s s  a 25' 
V e r t i c a l  Dep th  of  Coal  Mined = 250' 
L e n g t h  of P i t  = 1 ,100' 
Coal  Volurne=[28' Wide X 250' Deep + ( 2 8  + 1 5 )  2  X 201 X 80 L ~ / C F  X 1 ,100 '  Long 

2 ,000  # /Ton 
= 326,900  Tons  

Y e a r s  R e s e r v e s  @ 50,000  TPY = 6.5 Y e a r s  

S t r i p p i n g  Volume : ., 
O v e r b u r d e n  53O'Wi.de X 25' Deep X 1 ,130 '  Long / 27 = 554,537  C Y  

Rock: 

TOTAL STRIPPING 2 ,628 ,241  C Y  

V e r t i c a l  F z c e  F e e t  of Coa l  R e q u i r e d  t o  P r o d u c e  1 Year ' s  Coa l  S u p p l y :  

5 0 , 0 0 0  T = 28' Wide X 1 ,100 '  Long X D Depth  X 800 # / c F <  

D = 40.6 F e e t  

P i t  S t r i p p i n g  R a t i o  = 2,628 ,241  C Y  / 326 ,900  T = 8.0 : l  



111. Segment I V  P i t  

True Coal  T h i c k n e s s  28' 
Dip = 4 5  Degrees  
H o r i z o n t a l  Coal  T h i c k n e s s  = 40'  
Overburden  T h i c k n e s s  = 25' 
V e r t i c a l  Depth of Coal  Mined = 145'  
Length  of  p i t  = 1 ,200 '  
Coal Volume=[40' Wide X 145 '  Deep + (40 + 1 5 )  1 2  X 201 X 80 L ~ / C F  X 1,200'Long 

2 ,000  §/Ton 
= 304,800 Tons  

Y e a r s  Rese rves  @ 50,000 TPY = 6.1 Yea r s  

S t r i p p i n g  Volume : 

Overburden  380 '  'Wide,X 25' Deep X 1 ,200 '  Long 1 27 = 427,222 C Y  

Rock : 

TOTAL STRIPPING 1 , 3  8 2 , 6 4 4  CY 

V e r t i c a l  Face  F e e t  of C o a l  R e q u i r e d  t o  P r o d u c e  1 Year 's  C o a l  Supp ly :  

50 ,000  T = 40' Wide X 1 ,200 '  Long X D Dep th  X 800  # / C F  

2,000  on .- 

D = 26.0 F e e t  

P i t  S t r i p p i n g  R a t i o  = 1 , 3 8 2 , 6 4 4  CY 1 304,800 T = 4 :5 :1  



Segment I Pit 
Segment I1 P i t  
Segment IV Pit 

SUbfMARY OF SEGFENT I ,  11, & IV PITS 

S t r i p p i n g  Coal 

S t r i p p i n g  R a t i o  o f  6,165,351 1 1,517,650 = 4.06:1 



GEOTECHNICAL CON SIDERATION S 

T h i s  r e p o r t  a d d r e s s e s  g e o t e c h n i c a l  c o n s i d e r a t i o n s  r e l a t i n g  t o  t h e  p r o p o s e d  

C h i c a g o  C r e e k  C o a l  Mine development .  The a s p e c t s  of t h i s  deve lopmen t  t h a t  a r e  

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

c o n s t r u c t i o n  of  t h e  o p e n  p i t  m i n e ,  camp a i r s t r i p  and h a u l  r o a d ,  an 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  Ch icago  Creek ,  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 s  a t  

Wi l low Bay. 

f 

Open P i t  Mine 

T h e  o p e n  p i t  mine  i s  c u r r e n t l y  c o n c e i v e d  a s  h a v i n g  a  h i g h w a l l  s l o p e  of 1 / 2 ( ~ )  

t o  1 ( ~ ) ,  w i t h  i n t e r m e d i a t e  b e n c h e s  15 t o  30 f e e t  wide.  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  s e a m )  u n l e s s  s l o p e  f a i l u r e s  c a u s e  i t  t o  

become f l a t t e r .  

V e r y  l i t t l e  i s  known of  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 r o c k  

s t r a t a  t h a t  w i l l  b e  e x p o s e d  i n  t h e  m i n i n g  o p e r a t i o n .  W h a t  i s  k n o w n  i s  

q u a l i t a t i v e  i n  n a t u r e  and may b e  summarized a s  f o l l o w s .  

W i t h i n  t h e  d e p t h s  of i n t e r e s t ,  t h e  s o i l  and  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  w h i c h  i s  p r o b a b l y  o n  t h e  o r d e r  of f i v e  f e e t  t h i c k  i n  t h i s  

a r e a .  The o v e r b u r d e n  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  a n d  o r g a n i c s  w i t h  o c c a s i o n a l  i c e  w e d g e s .  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 ,  a n d  

s c h i s t .  The c o n d i t i o n  of t h e  r o c k  a p p e a r s  t o  v a r y  from p o o r l y  cemented  a n d / o r  



w e a t h e r e d  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  b e  u n s t a b l e  when t h a w e d .  However ,  t h e  h e i g h t  of 

s l o p e s  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  s u c h  t h a t  t h e  s l o p e s  may b e  

s e l f - h e a l i n g  o r ,  a t  t h e  w o r s t ,  may r e q u i r e  minor  m a i n t e n a n c e .  

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

c e m e n t e d ,  s o i l - l i k e ,  r o c k  migh t  r e q u i r e  much f l a t t e r  s l o p e s  t h a n  p l a n n e d  t o  be 

s t a b l e  when thawed.  However, t h e  thawing  p r o c e s s  w i l l  t a k e  p l a c e  g r a d u a l l y  s o  
t 

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  f o r m  of  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  d e e p - s e a t e d ,  m a s s i v e  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 s 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  o f  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  p e r  y e a r .  

The  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  any m a s s i v e  s l o p e  i n s t a b i l i t y  of 

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

when  t h a w i n g  r e a c h e s  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  

s l o p e .  - . -  T h i s  phenomenon i s  e q u i v a l e n 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 s h o u l d  be  
.. . 

l i m i i 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 l o p e .  

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

r e a l i s t i c .  Even i f  t h e  r o c k  i s  v e r y  weak, 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  a n y  o n e  t i m e .  The  a m o u n t  o f  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  g e n e r a t e d  u n d e r  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 r o d u c t i o n .  

Haul  Road, A i r s t r i p ,  and G r a v e l  Pads 

T h e  h a u l  r o a d ,  a i r s t r i p ,  a n d  p a d s  w i l l  c o n s i s t  o f  5 - f o o t  t h i c k  g r a v e l  f i l l ,  

S o u r c e  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 be  g r a v e l  f r o m  t h e  K u g a r o k  

R i v e r  b a r s  a n d  f l o o d p l a i n s  o r  c rushed  r o c k  f r o m  n e a r b y  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  volume 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 s  h a s  n o t  
t 

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

m i n i n g  p l a n ,  r i p p i n g  a n d / o r  b l a s t i n g  may b e  r e q u i r e d  t o  o b t a i n  t h e  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  c o n f i n e d  a r e a s  t o  g r e a t e r  d e p t h s  

w i l l  p r o b a b l y  r e q u i r e  b l a s t i n g  a n d  b a c k h o e  e x c a v a t i o n .  Rock o u t c r o p s  may be  

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  w e a t h e r e d ;  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 m o r e  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  economics  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 d e v e l o p  a  

m i n i n g  p l a n .  

I f  u n f r o z e n  g r a v e l  o r  r o c k  i s  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 ,  i t  w i l l  be  

p o s s i b l e  t o  c o n s t r u c t  c o m p a c t e d  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 e n a n c e  t h e r e a f t e r .  H o w e v e r ,  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  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  be  r e g r a d e d  and r e c o m p a c t e d  a f t e r  t h e  i c e  m e 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  a n d  d u r i n g  t h e  f o l l o w i n g  

summer. 

The  5 - f o o t  f i l l  t h i c k n e s s  w i l l  r educe ,  b u t  n o t  p r e v e n t ,  f u t u r e  thawing  of  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  s h o u l d  

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  
t 

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  s 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  become q u i t e  s t a b l e .  The 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  be 

enhanced  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  a n d  m a i n t a i n i n g  

good s u r f  ace  d r a i n a g e .  

Coal  Hand l ing  F a c i l i t i e s  a t  Wi l low Bav 

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

s t o c k p i l i n g  c o a l ,  a  conveyor  sys t em,  and a  b a r g e  dock. The g r a v e l  pad  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  p r e c e d i n g  s e c t i o n ,  w i t h  

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  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  a n d  

- l e a c h a t e  from t h e  . s t o c k p i l e .  
- -- ....I_ 

P i l e s  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 s t i n g  d o p h i n s  f o r  t h e  b a r g e s .  O n s h o r e ,  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  u p o n  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 g round  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 s  w i t h  s l u r r y  b a c k f i l l .  Off 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 .  Des ign  and i n s t a l l a t i o n  n e t h o d s  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 £  orward 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  

o f  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  d a t a .  

E a r t h f  ill Dam and D i v e r s i o n  D i t c h  

C h i c a g o  C r e e k  w i l l  be  d i v e r t e d  a round  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  b e  
t 

o b t a i n e d  f r o m  t h e  same s o u r c e s  a s  f o r  t h e  h a u l  r o a d  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  of 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  of  i m p e r v i o u s  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  o n  t h e  ups t r eam 

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 n o t  a p p e a r  t o  b e  a v a i l a b l e  l o c a l l y ,  S O  

i t  w i l l  p r o b a b l y  be  n e c e s s a r y  t o  u s e  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  pu rpose .  

C r e a t i o n  o f  a  p o o l  o f  w a t e r  b e h i n d  t h e  dam a n d  w a t e r  f l o w i n g  t h r o u g h  t h e  

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

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



COAL HANDL I N G  AND TRAN SPO RT 

Kotzebue P l a n t  Opt i o n  

A s s u m i n g  t h e  power p l a n t  i s  b u i l t  i n  t h e  Ko tzebue  a r e a ,  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  of  t h e  m i n e  a r e a .  T h e r e  a r e  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 .  Based o n  

p r e v i o u s  s t u d i e s  ( ~ e f s ) ,  t h e s e  do n o t  a p p e a r  t o  b e  p r a c t i c a l  f o r  a  p r o j e c t  o n  

t h e  s c a l e  of  t h e  Chicago  Creek  o p e r a t i o n .  A w i n t e r  i c e  r o a d  would  a p p e a r  t o  be 
\ 

an  i d e a l  s o l u t i o n ;  however ,  t h e  o p t i o n  h a s  a l r e a d y  b e e n  i n v e s t i g a t e d ,  a n d  i t  

a p p e a r s  t h e  p r e s s u r e  r i d g e s  and o t h e r  i c e  d e f o r m a t i o n  would be t o o  e x t e n s i v e  t o  

p e r n i t  k e e p i n g  a  r o u t e  open. 

T h e  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  b e c a u s e  i t  

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  of 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 a n d  t u g  a n d  b a r g e  t r a n s p o r t  f rom Wil low Bay t o  Kotzebue .  T h i s  

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 ,  b u t  s u c h  a  r o a d  w o u l d  

p r o b a b l y  b e  r e q u i r e d  f o r  b r i n g i n g  i n  equ ipmen t  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 t  t h e  W i l l o w  Bay  s i t e ,  c o a l  wou ld  b e  h e l d  i n  a  s t o c k p i l e  a r e a  wh ich  would 

c o n s i s t  o f  a l e v e l  g r a v e l  pad. I t  i s  p o s s i b l e  t h a t  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  would be r e q u i r e d .  A pad of  a b o u t  90 ,000  s q u a r e  f e e t  

t rould h o l d  t h e  e n t i r e  season 's  p r o d u c t i o n  o f  5 0 , 0 0 0  t o n s ,  p i l e d  t o  a  d e p t h  o f  

30  f e e t ,  a n d  a l l o w  20 f e e t  o f  w o r k i n g  r o o m  o n  a l l  s i d e s .  The c o a l  would be  

h a u l e d  f rom t h e  mine s i t e  u s i n g  mine t r u c k s  and  s t o c k p i l e d  by o n e  of t h e  m i n e ' s  





D-7  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 s t s  of t h e  s t o c k p i l e  a n d  o f  s t o c k p i l i n g  

h a v e  been i n c l u d e d  i n  t h e  m i n i n g  c o s t s .  

L o a d i n g  o f  t h e  c o a l  a t  t h e  W i l l o w  Bay s i t e  w o u l d  b e  d o n e  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  assumed t h a t  t h e  mine 's  l o a d e r s  w o u 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 .  O n l y  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  e x p e n s e s .  

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

t i d e s .  Rigorous d e s i g n  p a r a m e t e r s  f o r  t h e  c o n v e y o r  s y s t e m  a n d  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 s  shown ori F i g u r e  , however ,  d rawn  u s i n g  t o p o g r a p h i c  m a p s ,  o b l i q u e  

p h o t o g r a p h s ,  a n d  i n p u t  f r o m  t h e  1 9 8 3  f i e l d  c r e w ,  a r e  a c c u r a t e  e n o u g h  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  w o u l d  b e  k e p t  a s  s i m p l e  a s  p o s s i b l e  t o  min imize  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  Company, a n  A n c h o r a g e - b a s e d  f i r m  w i t h  

e x p e r i e n c e  i n  m a r i n e  c o n s t r u c t i o n ,  s u g g e s t e d  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 .  T h i s  w o u l d  p r o b a b l y  

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

S w a l l i n g  s u g g e s 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 - ~ c t e d  f o r  

a p p r o x i m a t e l y  $ 7 5 0 , 0 0 0  o r  p o s s i b l y  l e s s .  I f  a  m o r e  e l a b o r a t e  f a c i l i t y  i s  

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  s h e e t p i l e  o r  p i l i n g  b e r t h s ,  f o r  

i n s t a n c e ,  c o s t s  w o u l d  b e  m o r e  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 £  o r e  

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

a p p r o x i m a t e  c o s t  o f  $ . 

P r e l i m i n e a r y  c o s t s  and  d e s i g n  f a c t o r s  f o r  t h e  conveyor  sys tem o b t a i n e d  w i t h  t h e  

h e l p  o f  Van O o t e g h e m  E q u i p m e n t  Company o f  A n c h o r a g e  a n d  t h e i r  c o n v e y o r  

s u p p l i e r ,  , of T o r o n t o ,  C a n a d a .  The conveyor would be  a  

2 5 0 - f o o t - l o n g  a n d  3 0 - i n c h - w i d e  w i r e  r o p e  s y s t e m  w i t h  a  h o p p e r  f e e d e r  a n d  a  

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

of $1 m i l l i o n .  

A l l  b a r g i n g  w o u l d ,  o f  n e c e s s i t y ,  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  e x t e n d s  f r o m  m i d - J u l y  t o  m i d - O c t o b e r .  I t  i s  a s s u m e d  t h a t  a  

c o m m l 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  u s e d .  A p r e v i o u s  s t u d y  

( A r c t i c  S l o p e  E n g i n e e r s ,  1 9 8 4 )  has  conc luded  t h a t  p u r c h a s e  o f  a  t u g  a n d  b a r g e  

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

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  app roach  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 .  

B a r g i n g  c o s t s  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  s t u d i e s  r a n g e  from $17.78 t o  

$62 .80  p e r  t o n .  T h e  l o w e s t  c i t e d  c o s t s ,  g i v e n  b y  A r c t i c  S l o p e  ~ e c h n i c a l  

S e r v i c e s  a n d  o t h e r s  ( 1 9 8 2 )  a r e  b a s e d  o n  t h e  u s e  of two 9200 dwt b a r g e s  and  a  

9000 ho r sepower  t u g  w i t h  l i g h t e r a g e  i n  t h r e e  1 0 0 0  dwt b a r g e s ,  e a c h  w i t h  a  6 5 0  

h o r s e p o w e r  t u g .  T h e i r  s c e n a r i o  assumes t r a n s p o r t a t i o n  of 80 ,000  t o n s  of  c o a l  

a n n u a l l y  and  t h e i r  e s t i m a t e s  r a n g e  from $17.78 t o  $19.88 p e r  t o n ,  d e p e n d i n g  o n  

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



T h e  h i g h e s t  c o s t ,  $62 .80  p e r  t o n ,  i s  q u o t e d  i n  a  s t u d y  by Dames a n d  M o o r e  

( 1 9 8 1 ) .  They w o u l d  u s e  a  1 2 0 0  h o r s e p o w e r  t u g  w i t h  a  s i n g l e  5 0 0  dwt b a r g e ,  

e l i m i n a t i n g  t h e  need f o r  l i g h t e r a g e .  They d e v e l o p  o p e r a t i n g  c o s t s  of  $ 7 7 1 4  

u n d e r w a y  and  $5690 i n  p o r t  a n d  a s s u m e  a  day t o  l o a d ,  a  day t o  u n l o a d ,  and a n  

a v e r a g e  t r a v e l  r a t e  o f  100 m i l e s  p e r  d a y  w h i l e  a t  s e a .  They  comment t h a t  a n  

a d d i t i o n a l  b a r g e  w o u l d  a d d  10% t o  t h e  f u e l  c o s t s  b u t  w o u l d  h a v e  no o t h e r  

impac t .  

t 

U s i n g  t h e s e  a s s u m p t i o n s ,  i t  would be i m p o s s i b l e  t o  move 50 ,000  t o n s  i n  a  s i n g l e  

s h i p p i n g  season .  Wi th  t h e  equ ipmen t  assumed i n  t h e  p r e s e n t  s t u d y ,  h o w e v e r ,  t h e  

b a r g e s  c o u l d  b e  l o a d e d  a n d  u n l o a d e d  a t  a  r a t e  of a b o u t  3 0 0  t o n s / h o u r .  Tak ing  

t h i s  i n t o  c o n s i d e r a t i o n ,  two  5 0 0  dwt b a r g e s  c o u l d  b e  b e r t h e d  a n d  l o a d e d  o r  

u n l o a d e d  i n  a b o u t  4 h o u r s .  U s i n g  t h i s  f i g u r e  a n d  Dames and  Moore's a v e r a g e  

s p e e d  and  o p e r a t i n g  c o s t s  f o r  a two-barge o p e r a t i o n ,  t h e  5 0 , 0 0 0  t o n s  c o u l d  b e  

moved  i n  a b o u t  77 d a y s  a t  a  c o s t  o f  $12 .00  p e r  t o n ,  p r o v i d i n g  t h e  o p e r a t i o n  

c o n t i n u e s  f o r  24 h o u r s  a  d a y  and t h e r e  a r e  no s e r i o u s  w e a t h e r  d e l a y s ,  

Two o f  t h e  m o r e  r e c e n t  s t u d i e s  ( ~ a m e s  a n d  M o o r e ,  1 9 8 3  a n d  A r c t i c  S l o p e  

E n g i n e e r s ,  1 9 8 4 )  u s e  l a r g e r  b a r g e s ,  a c h i e v i n g  a d d i t i o n a l  s a v i n g s  b u t  s t  ill n o t  

r e q u i r i n g  l i t e r a g e .  The Dames and  Moore s t u d y  a s sumes  t h a t  a t u g  and 7 ,000  dwt 

b a r g e ,  u n d e r l o a d e d  t o  2500 t o n s  t o  r educe  t h e  d r a f t ,  w i l l  c o s t  $ 1 5 , 0 0 0  p e r  d a y  

u n d e r w a y  and $ 1 3 , 0 0 0  i n  p o r t .  The d i d  n o t  c o m p u t e  a  c o s t  p e r  t o n  f o r  t h e  

w i l l o w  ~ a y / ~ o t z e b u e  r o u t e .  U s i n g  t h e i r  b a r g e  c o s t s ,  w i t h  t h e  p r e s e n t  s t u d y ' s  

l o a d i n g  e q u i p m e n t  a n d  a  s p e e d  o f  1 0 0  m i l e s  p e r  d a y ,  5 0 , 0 0 0  t o n s  of Ch icago  

C r e e k  c o a l  cou ld  b e  t r a n s p o r t e d  f o r  a  c o s t  of $11.70 p e r  t o n .  



The A r c t i c  S l o p e  E n g i n e e r s  S t u d y  ( 1  9 8 4 )  d e r i v e s  m a r i n e  t r a n s p o r t a t i o n  c o s t s  

b a s e d  o n  a  q u o t e  from a  b a r g e  o p e r a t o r  of $8,50O/day underway and $5 ,500/day  i n  

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

C h i c a g o  C r e e k  c o a l .  U s i n g  t h e i r  b a r g i n g  c o s t s ,  a n d  a g a i n  a s s u m i n g  o u r  

u n l o a d i n g  e q u i p m e n t  a n d  t h e  100-n i l e -pe r -day  s p e e d ,  t h e  c o a l  c o u l d  be  sh ipped  

i n  a b o u t  22 d a y s  of c o n t i n u o u s  o p e r a t i o n  f o r  a  c o s t  of $ 3 7 5 / t o n .  

', 
T h e  h i g h e r  c o s t  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  s e e m  t o  b e  b a s e d  on  t h e  

i n c l u s i o n  o f  c a p i t a l  c o s t s ,  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  

a s s u m p t i o n  o f  u n r e a l i s t i c a l l y  s low l o a d i n g  and  u n l o a d i n g  t i m e s .  Us ing  t h e  most  

r e c e n t  f i g u r e s  and assuming a  25% c o n t i n g e n c y  f o r  w e a t h e r  d e l a y s  a n d  c o s t s  t o  

a n d  f r o m  t h e  tug ' s  home p o r t ,  i t  s h o u l d  be p o s s i b l e  t o  b a r g e  t h e  c o a l  f o r  about  

$4.70 p e r  t o n .  

U n l o a d i n g  a t  t h e  Kotzebue end  i s  assumed t o  be a c c o m p l i s h e d  a t  a  s t o c k p i l e  s i t e  

l o c a t e d  s o u t h  of town. The u n l o a d i n g  i s  assumed t o  be  done  by a  w h e e l e d  l o a d e r  

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

of 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 p r o v e  t o  b e  c o s t  e f f e c t i v e ,  p r o v e n  

e x i s t i n g  t e c h n o l o g y  was a g a i n  chosen  f o r  t h e  p u r p o s e  of  t h i s  s t u d y .  

The l o a d e r  a n d  two t r u c k s  w i l l  a c c o m p l i s h  t h e  u n l o a d i n g  a n d  t r a n s p o r t  t o  a  

n e a r b y  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 n  p r a c t i c e ,  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  d o n e  a f t e r  m i d - A u g u s t ,  t h e  D - 7  C a t .  a n d  n i n e  

t r u c k s  may b e  a v a i l a b l e .  For  t h i s  s t u d y ,  however ,  we h a v e  assumed p u r c h a s e  of 



t h e  l o a d e r  and two t r u c k s  and r e n t a l  of t h e  C a t .  

The  s t o c k p i l e  s i t e  w i l l  be  f e n c e d  and w i l l  have  w a t e r - s p r a y  equipment  t o  combat 

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

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

Coa l  w i l l  h a v e  t o  b e  moved from t h e  s t o c k p i l e  t o  t h e  b u n k e r s  a t  t h e  p l a n t  s i t e  

i n  K o t z e b u e ,  u s i n g  a  1 3 - t o n  e n d  dump t r u c k .  The  t r u c k  w i l l  make ebou t  two 

t r i p s  p e r  h o u r ,  a s suming  t h e  t r u c k  d r i v e r  o p e r a t e s  t h e  l o a d e r .  W o r k i n g  f o r  8 

t 

h o u r s ,  a b o u t  2 0 8  t o n s  p e r  d a y  would  b e  moved ,  a n d  i t  would t a k e  abou t  1 , 9 2 5  

h o u r s  o r  240  d a y s  t o  move t h e  50,000 t o n  a s s u a l  consumpt ion  f r o m  t h e  s t o c k p i l e  

t o  t h e  p l a n t ' s  b u n k e r s .  The l o a d e r  i s  assumed t o  work o n e - f o u r t h  of t h e  t i m e  

and t h e  t r u c k  t h r e e - f o u r t h s .  F e e d i n g  t h e  p l a n t  w o u l d  b e  a y e a r - r o u n d  j o b ,  
/ 

a s s u m i n g  a  no rma l  work week. 

C a p i t a l  a n d  o p e r a t i n g  c o s t s  a r e  shown i n  T a b l e s  - and  - . U s i n g  t h e s e  

a s s u m p t i o n s ,  c o a l  cou ld  be  l o a d e d ,  o f f l o a d e d ,  s t o c k p i l e d ,  a n d  d e l i v e r e d  t o  t h e  

power p l a n t  f o r  $3.85 p e r  ton .  

T r a n s p o r t a t i o n  F a c i l i t i e s  O p e r a t i n g  C o s t s  

Wi l low B a y  

988 L o a d e r  $ 91/Hour)  * $14 $56 0  
c o n v e y o r /  Ba rge  Loader  $ 50/Hour)  1 , 6 0 0  $ 1 6 , 1 6 0  



Kotzebue (un load ing)  

988 Loader 
2 Trucks 
D-7 Cat 

~ o t z e b u e  (Supplying Power P l a n t )  

988 Loader 
Truck 

COST PER TON = $ 3 . 8 2  
'. 

* Operation c o s t s  i n c l u d e  labor a t  $35/Hour. 
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T r a n s p o r t a t i o n  F a c i l i t i e s  C a p i t a l  C o s t s  

Wil low Bay 

Conveyor System 
Dock F a c i l i t y  

Kotzebue 

Dock F a c i l i t y  
S t o c k p i l e  S i t e  
Road 
Loader 
Truck 



COAL-FIRED POWER PLANT 

Of t h e  s e v e r a l  methods s t u d i e d  t o  p r o v i d e  ene rgy  f o r  K o t z e b u e ,  A l a s k a  w i t h  t h e  

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

a p p e a r s  t o  b e  a t t r a c t i v e  and  h e r e  i s  t h e  method o u t l i n e d :  

B a s e d  o n  i n f  o r m a t i o n  p r e s e n t l y  a v a i l a b l e ,  a  s t r a i g h t  c o n d e n s i n g  s t eam c y c l e  

w i t h  a u t o m a t i c  e x t r a c t i o n  f o r  f e e d  w a t e r  make-up a p p e a r s  t o  h a v e  t h e  s i m p l i c i t y ,  

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

t h i s  a p p l i c a t i o n .  

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

Ch icago  Creek  Mine wh ich  w i l l  b e  d e l i v e r e d  by b a r g e  a n d  t h e n  t r u c k e d  t o  t h e  

s i t e .  The s i z e  of o f f - s i t e  would p e r m i t  d i r e c t  b i n n e d  s t o r a g e .  A b o i l e r  and a  

s t e a m  t u r b i n e ,  o p e r a t i n g  a t  6 5 0  p s i g / 7 5 0 0 F  t o  3 i n c h e s  o f  Hg mercu ry  would 

c o n v e r t  t h e  h e a t  ene rgy  i n t o  e l e c t r i c i t y  f o r  l o a d  d i s t r i b u t i o n .  A once  t h r o u g h  

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

c o o l i n g  w a t e r  t o  t h e  c o n d e n s e r .  Any a d v e r s e  e n v i r o n m e n t a l  i m p a c t s  c a n  b e  

a d d r e s s e d  when more i n £  o r m a t i o n  becomes a v a i l  a b l e .  

A i r  q u a l i t y  s t a n d a r d s  m u s t  b e  i d e n t i f i e d  a n d  a t  0 . 1 0  g r a i n s / ~ ~ ~ ~  a n d  3 0 %  

o p a c i t y ,  i t  may n o t  be n e c e s s a r y  t o  i n s t a l l  e x p e n s i v e  c l e a n - u p  equipment  i n  t h e  

- a s = - s t : r e a m  i f  ,.care i s  e x e r c i s e d  i n  t h e  p r e p a r ' a t i o n  a n d  h a n d l i n g  of  t h e  f u e l *  
- -  .- --- A l s o , '  i t  may r e q u i r e  t h e  u s e  o f  f i r i n g  c o m p o n e n t s  w h i c h  w i l l  a v o i d  t h e  

d i s c h a r g e  of t o x i c  w a s t e s .  



SIZE OF FACILITY: 

T h e  l o a d  t o  b e  s e r v e d ,  b o t h  p r e s e n t  a n d  f u t u r e ,  w i l l  g o v e r n  t h e  s i z e  of t h e  

components  s e l e c t e d .  T h i s  l o a d  must  b e  c a r e f u l l y  i d e n t i f i e d ,  b o t h  a s  t o  i t s  

maximum a n d  minimum s i z e .  E x c e s s i v e  o v e r s i z i n g  mus t  b e  a v o i d e d  t o  be s u r e  

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

a t t e n t i o n  must be  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  t h e  n e c e s s a r y  

t u r n  down r a t i o .  

=. 

F o r  p u r p o s e s  o f  t h e  i n f o r m a t i o n  c o n t a i n e d  h e r e i n ,  i t  w i l l  b e  assumed t h a t  a  

1 0 , 0 0 0  Kw c o n d e n s i n g  g e n e r a t i n g  c a p a b i l i t y  w i l l  b e  n e e d e d .  A s m a l l  amount  of  

a d d i t i o n a l  o u t p u t  w i l l  b e  g e n e r a t e d  e x t r a c t i o n  a t  10 p s i g  t o  h e a t  f e e d  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  t u r b i n e ,  u n d e r  t h e  s t eam c o n d i t i o n s  i n d i c a t e d  i n  t h e  

f o r e g o i n g ,  w i l l  b e  f r o m  1 4 0 , 0 0 0  t o  1 6 0 , 0 0 0  p o u n d s  p e r  hour .  To h a n d l e  s o o t  

b lowing ,  blow down and  m i s c e l l a n e o u s  r a d i a t i o n  and  l e a k a g e  l o s s e s ,  t h e  s i z e  of  

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  of  a b o u t  1 8 0 , 0 0 0  pph .  T h e r e  

s h o u l d  b e  s t and -by  c a p a c i t y  of 180 ,000 l b s / h r .  

The  s i z e  o f  a i r  a n d  g a s  h a n d l i n g  equ ipmen t  w i l l  depend o n  t h e  amount of e x c e s s  

a i r  n e e d e d  f o r  optimum f i r i n g .  T h i s  i n  t u r n  w i l l  d e p e n d  o n  t h e  m o i s t u r e  a n d  

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

210,000 t o  220,000 pounds p e r  h o u r  a t  f u l l  b o i l e r  o u t p u t .  

=,=,p -'._'1 a -. --- 
---An a i r  h e a t e r  w i l l  b e  n e e d e d ' t o  f u r n i s h  c o m b u s t i o n  a t  a n  e l e v a t e d  t e m p e r a t u r e  

o f  a b o u t  4 0 0 0 ~ .  T h i s  could  be of t h e  r e g e n e r a t i v e  p l a t e  t y p e  o r  of t h e  t u b u l a r  

t y p e ,  t h e  l a t t e r  b e i n g  t h e  m o r e  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 gas  bypass  d a m p e r  b e t w e e n  s t a g e s  w i t h o u t  t h e  n e e d  

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  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  of  l e a v i n g  g a s  t e m p e r a t u r e s  t o  a v o i d  dew p o i n t  c o n d e n s a t i o n .  

B y  p l a c i n g  t h e  h e a t e r  b e t w e e n  t h e  b o i l e r  o u t l e t  a n d  t h e  m e c h a n i c a l  d u s 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  wou ld  b e  m i n i m i z e d .  The b a s i s  f o r  s i z i n g  

would be a  p r e s s u r e  d r o p  of  4"  w.c. a t  maximum d e s i g n  g a s  f l ow.  

The s i z i n g  of  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 s  t e m p e r a t u r e  
t 

l i m i t s  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 s  t h e  need f o r  

an  economize r .  The l a t t e r  can  add t o  p l a n t  m a i n t e n a n c e  p r o b l e m s ,  i s  somewha t  

c o m p l i c a t e d  t o  o p e r a t e ,  a n d  c a n  be  h a z a r d o u s  i f  a l l o w e d  t o  o p e r a t e  i n  a  

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

FUEL SUPPLY: 

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

b a r g i n g  and t r u c k i n g .  The m o i s t u r e  c o n t e n t  i s  assumed t o  v a r y  b e t w e e n  50% a n d  

602 ,  wet b a s i s .  

S i t e  p r e p a r a t i o n  a t  t h e  s i t e  would  b e  m o r e  e n e r g y  e f f i c i e n t  t h a n  "of f  s i t e "  

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

t h i s  a d v a n t a g e  w o u l d  b e  o f f s e t  t o  a d e g r e e  by r e d u c e d  n o i s e  a n d  d i r e c t  o f f  - .-- ---> ---. - -. - *. < - - l"adiCg t o  s t o r a g e  b i n s  when "off  s i t e "  s i z i n g  i s  u s e d .  , I 

The q u a l i t y  o f  f u e l  r e q u i r e d  w i l l  v a r y  i t s  m o i s t u r e  c o n t e n t ,  s ample  30.06-25.66 



and  t h e  t e m p e r a t u r e  and  q u a n t i t y  of t h e  c o m b u s t i o n  a i r  400oF w i t h  which i t  i s  

f i r e d .  A 30% m o i s t u r e  f u e l ,  f i r e d  w i t h  l o w  e x c e s s  p r e h e a t e d  c o m b u s t i o n  a i r  

s h o u l d  p r o d u c e  f r o m  2 . 5 ( 1 0 0 )  t o  3 . 0 ( 1 0 0 )  B t u  a t  t h e  s t e a m  o u t l e t  p e r  pound 

f i r e d .  

PLANT LOADS: 

The  c h a r a c t e r i s t i c s  o f  a  b o i l e r - s t  en  t u r b i n e - e l e c t r i c a l  g e n e r a t i n g  f a c i l i t y  a r e  

such  t h a t  i t  must  s e r v e  a  c o n t i n u o u s  l o a d ,  t h e  m o r e  u n i f o r m  t h e  b e t t e r .  To 

o b t a i n  s u c h  l o a d i n g  w i l l  r e q u i r e  t h a t  t h e  r e s i d e n t i a l  l o a d  be implemented w i t h  

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

a v a i l a b l e .  N o r m a l l y ,  s u c h  a  s u r p l u s  c o u l d  b e  m a r k e t e d  t o  a n  e n e r g y  s h o r t  

e l e c t r i c a l  u t i l i t y ,  b u t  t h i s  i s  n o t  a  r e a l i s t i c  p r o s p e c t  a t  t h i s  l o c a t i o n .  
/ 

A b e t t e r  p o s s i b i l i t y  n a y  b e  t o  g e n e r a t e  e l e c t r i c a l  e n e r g y  on a  noncondens ing  

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

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

r e c o v e r y .  O t h e r  l o a d  p o s s i b i l i t i e s  e x i s t ,  of c o u r s e ,  b u t  t h e i r  p o t e n t i a l  w o u l d  

r e q u i r e  e x t e n s i v e  i n v e s t i g a t i o n  w h i c h  i s  beyond t h e  s c o p e  of t h i s  s t u d y ,  Red 

Dog Mine o p t i o n .  

COFlBUSTION CONSIDERATIONS : 

- -  . 
_-_ _ _  .' - . .iCI--i-. - -=-- -- 
- - -  . 

- c o m b u s t i o n  q u a l i t y  i s  c l o s e l y  r e l a t e d  t o  t h e  me thods  employed t o  c o n t r o l  f u e l  

q u a l i t y  and  t o  t h e  t y p e  o f  s y s t e m  s e l e c t e d  f o r  i t s  f i r i n g .  F u e l  q u a l i t y  i s  

a d v e r s e l y  a f f e c t e d  by h i g h  m o i s t u r e  c o n t e n t  and  by e x c e s s i v e  c o n t a i n m e n t s  of  



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 .  

U n l e s s  some f o r m  of  d r y i n g  i s  e m p l o y e d ,  l i t t l e  c a n  b e  done  a b o u t  t h e  f u e l ' s  

i n i t i a l  m o i s t u r e  c o n t e n t .  To a v o i d  d e g r a d a t i o n ,  h o w e v e r ,  o p e n  s t o r a g e  s h o u l d  

b e  a v o i d e d  i n  f a v o r  of c l o s e d  s t o r a g e  i n  b i n s .  C losed  c o n v e y o r s  a r e  p r e f e r r e d  

t o  o p e n  t y p e s  s u b j e c t  t o  w e a t h e r .  

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

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 .  U s u a l l y ,  i m p r o v e m e n t s  c a n  b e  o b t a i n e d  by  
t 

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

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

f u r n a c e  d e p e n d  o n  t h e i r  s i z e ,  s h a p e ,  a n d  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  

l a t t e r ,  t h e  l o n g e r  t h e  t i m e  r e q u i r e d .  The same i s  t r u e  of t h e  s i z e ;  t h e  l a r g e r  

t h e  p a r t i c l e ,  t h e  l o n g e r  t h e  t ime .  For t h i s  r e a s o n ,  t h o s e  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 n e s  by k e e p i n g  t h e  f u e l  o n  t h e  g r a t e s  a r e  t o  b e  

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

a r e  h i g h .  

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 ion .  These  shou ld  be 

1 5 0 0 0  t o  1 6 0 0 0  r a n g e  f o r  o p t i m u m  f i r i n g .  Above t h i s  v a l u e ,  t h e r e  i s  some 

d a n g e r  of s l a g g i n g  t h e  d i r t  and  sand  on  t u b e  s u r f a c e s .  A t  l o w e r  v a l u e s ,  g a s e s  

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

3.2- x- - - - - .-.. - 
r e s u l t i n g  i n  t h e  i s s u a n c e  of smoke t o  a tmosphe re .  

F i r i n g  w i t h  p r e h e a t e d  a i r  a t  l o w  e x c e s s  v a l u e s  h e l p s  t o  m a i n t a i n  t e m p e r a t u r e .  



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

s t a b i l i z e  t e m p e r a t u r e s .  The u s e  of  o v e r - f i r e  a i r  j e t s  i s  a l s o  h e l p f u l ,  but  

c a r e f u l  d e s i g n  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  a n d  t u r b u l e n c e .  The 

" s p i l l i n g "  o f  l o w  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  i f  u n h e a t e d ,  w i l l  

l o w e r  combus t ion  q u a l i t y .  

PROPOSED FACILITIES: 

T h e  t y p e  of  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 s t i c s  of  t h e  f u e l  would be one 

t 

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  i t  w e r e  u n i f o r m l y  l o a d e d  w i t h  f u e l  

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

s i m u l t a n e o u s l y  w i t h  t h e  combust ion  a i r ,  t h e  h e a t  r e l e a s e  f r o m  t h e  g r a t e  w o u l d  

f o l l o w  l o a d  r e q u i r e m e n t s .  A ma jo r  a d v a n t a g e  of t h i s  t y p e  of 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 s  d i s c h a r g e  o f  a s h  o f f  t h e  e n d  o f  t h e  c h a i n .  A n o t h e r  

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

A n o t h e r  fo rm of  p i l e  b u r n i n g  can  be p r o v i d e d  f o r  by mu1 t i p l e  f u e l  c e l l s ,  f o u r  

i n  number  a r r a n g e d  two by two. These  a r e  l i m i t e d  t o  50% m o i s t u r e  f u e l s  w i t h  an  

a s h  and  d i r t  c o n t e n t  of a b o u t  3%. The c e l l s  a r 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 o v e r f i r e  combus t ion  a i r .  A l t h o u g h  a s h  removal 

i s  manual ,  t h e  shutdown of one 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  p e r m i t s  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  

p r e s s u r e  o r  r e l e a s e  of p o l l u t a n t s  t o  a t m o s p h e r e .  
-- .-. - . .  -- ?;; . - - .  -. 

T h e  b o i l e r  w o u l d  b e  of t h e  f i e l d  e r e c t e d  t y p e ,  b u t  a t  l e a s t  one m a n u f a c t u r e r  

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



a n d  e r e c t e d  w i t h  a  minimum of  f i e l d  l a b o r ,  C o m p l e t e  f l e x i b i l i t y  c a n  b e  

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

A two  p a s s  v e r t i c a l  t u b u l a r  a i r  h e a t e r  w o u l d  b e  i n s t a l l e d  i n  t h e  g a s  d u c t  a t  

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

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

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

t o  p r e v e n t  dew p o i n t  c o r r o s i o n .  
t 

A m e c h a n i c a l  c o l l e c t o r  of  t h e  n u l t i - t u b e  t y p e  would  be l o c a t e d  be tween t h e  a i r  

h e a t e r  o u t l e t  and t h e  i n l e t  t o  t h e  i nduced  d r a f t  f a n .  To o p t i m i z e  s e p a r a t i n g  

c a p a b i l i t y ,  t h e  u n i t  would be s i z e d  f o r  a  p r e s s u r e  d r o p  of 3.5" t o  4.5" w.c, a t  

maximum d e s i g n  g a s  f l o w ,  The n e e d  t o  i n c l u d e  p r o v i s i o n s  f o r  z d j u s t i n g  t h e  

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

which must be d e t e r m i n e d  l a t e r .  

The t u r b i n e  c y c l e ,  c o n d e n s i n g  o r  noncondens ing ,  w i l l  depend o n  t h e  v a r i a b l e s  i n  

t h e  l o a d  t o  be  s u p p l i e d .  If condens ing ,  t h e  r e q u i r e d  c o o l i n g  f o r  t h e  c o n d e n s e r  

c a n  b e  s u p p l i e d  o n  a  " o n c e  t h r o u g h t '  b a s i s  u s i n g  s a l t  w a t e r ,  E x t r a c t i o n  

r e q u i r e m e n t s ,  i f  a n y ,  w i l l  a l s o  be somewhat d e p e n d e n t  o n  l o a d  c o n s i d e r a t i o n s .  

- - S i n c e  t h e  p r o p o s e d  f a c i l i t y  w i l l  be  i s o l a t e d  ' f rom a  p r imary  s o u r c e  of  power a s  

s u p p l i e d  by u t i l i t y ,  t h e  u s e  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  m u s t  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  bo th  from a  s t a r t u p  and  a n  emergency o p e r a t i n g  c o n d i t i o n .  



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

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

s t e a m  d rum t h a t  i s  i n d e p e n d e n t  of  t h e  g e n e r a t e d  power  s u p p l y .  B lack  s t a r t  

c a p a b i l i t y  w i l l  b e  e s s e n t i a l  i n  t h e  l o c a t i o n  of t h e  p l a n t .  

One p o s s i b i l i t y  i s  t o  modi fy  t h e  e x i s t i n g  d i e s e l  f a c i l i t y  t o  p r o v i d e  t h e  backup 

power i n  a  r e l i a b l e ,  a u t o m a t i c  and r a p i d  m a n n e r .  A s e c o n d  p o s s i b i l i t y  i s  t o  

i n c o r p o r a t e  t h e  backup p r o v i s i o n s  i s  t h e  p r o p o s e d  f a c i l i t y  ; t h e s e  t o  c o n s i s t  of 
t 

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

g e n e r a t i n g  f a c i l i t i e s .  

EKVIRONBlENTAL CONSIDERATIONS : 

T h e  s t a n d a r d s  t o  b e  m e t  f o r  a i r  and  w a t e r  q u a l i t y  a n d  f o r  n o i s e  m u s t  b e  

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

A i r  q u a l i t y  s t a n d a r d s  a r e  assumed t o  be 0.10 g r a i n s t s t a n d a r d  d r y  c u b i c  f o o t  of 

g a s  c o r r e c t e d  t o  1 2 %  C 0 2  f o r  p a r t i c u l a t e s  a n d  30% o p a c i t y .  I t  s h o u l d  b e  

p o s s i b l e  t o  mee t  t h e s e  s t a n d a r d s  w i t h  t h e  components  o u t l i n e d  above  i f  t h e  f u e l  

m o i s t u r e  c o n t e n t  d o e s  n o t  e x c e e d  3 0 % .  I f  i t  d o e s ,  o p t i o n s  i n c l u d e  t h e  

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

h o u s e .  A l l  a r e  d e s c r i b e d  l a t e r  u n d e r  " O p t i o n a l  Components ."  Because  w a s t e  

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

be  c o n s i d e r e d .  



W a t e r  q u a l i t y  s t a n d a r d s  a r e  p r i m a r i l y  c o n c e r n e d  w i t h  t h e  d i s c h a r g e  of t o x i c  

w a s t e s .  The  m a j o r  f i r m s  engaged  i n  t h e  t r e a t m e n t  of 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  h a v e  d e v e l o p e d  c o m p l e t e  l i n e s  of  c h e m i c a l s  f o r  

c o n t r o  11 i n g  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  r e l a t e  t o  t h e  c h e m i s t r y  of t h e  w a t e r  a v a i l a b l e  f o r  makeup. 

A m a j o r  d i s c h a r g e  s o u r c e  f rom a  f a c i l i t y  g e n e r a t i n g  power on a  condens ing  c y c l e  

w i l l  come f rom t h e  c o o l i n g  tower  blowdown w h e r e  a  c l o s e d  l o o p  i s  employed  t o  

o b t a i n  c o n d e n s e r  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  can  be e l i m i n a t e d  i f  
\ 

a p p r o v a l  i s  o b t a i n e d  f o r  t h e  a f o r e m e n t i o n e d  "once through1 '  c o o l i n g  s y s t e m  u s i n g  

s a l t  w a t e r .  

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

l e v e l s .  The p roposed  f a c i l i t i e s  w i l l  b e  d e s i g n e d  t o  k e e p  t h e s e  l e v e l s  t o  90 

d e c i b l e s  o r  l e s s .  

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

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

p a r t i c u l a t e  d i s c h a r g i n g  f rom t h e  s t a c k  i s  n o t .  I f  r e i n j e c t i o n  i s  e m p l o y e d ,  i t  

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

i n t o  t h e  f u e l  s t r eam.  

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



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

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

i t s  movement,  n o r  d o e s  i t  i n c l u d e  t h e  c o s t s  of cove red  s t o r a g e .  

The c a p i t a l  c o s t  a n d  g e n e r a t i o n  c o s t  summary show t h e  n a m e p l a t e  d o l l a r s  p e r  KW 

a s  2745, and  t h e  g e n e r a t i o n  c o s t s  m i l l s  p e r  KIJ a s  39.63 r e s p e c t i v e l y .  

OPT I O N A L  Cot1 PONENTS : 

A d d i t i o n a l  c o n t r o l  o f  t e  p a r t i c u l a t e  d i s c h a r g e  f r o m  t h e  s t a c k  c o u l d  be  

o b t a i n e d  by u s i n g  a c h a r g e d  b e d  d r y  s c r u b b e r  a s  m a n u f a c t u r e d  by C o m b u s t i o n  

Power  Company o f  Menlo  P a r k ,  C a l i f o r n i a .  The  c h a r g e d  m e d i a  bed  of  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 a l l y  c o n s t r u c t e d  w i t h  l o u v r e s  t o  p e r m i t  t h e  p z s s a g e  of t h e  f l u e  

g a s e s .  The b e d  moves  c o n t i n u o u s l y  downward  w h e r e  a  s m a l l  p o r t i o n  o f  i t  i s  

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

i n  t h e  p r o c e s s .  

B e c a u s e  of 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  m e d i a ,  i t  i s  c l a i m e d  

t h a t  t h e  u n i t  h a s  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  dew ~ 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 s p e c i a l l y  i f  a  s m a l l  exchange 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  m e d i a .  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  b e  v i r t u a l l y  l o o % ,  p a r t i c u l a r l y  i f  a  s p a r e  b lower  i s  p u r c h a s e d  f o r  media  

; e c i r c u l a  t i o n .  

T h e  u n i t  w e i g h s  5 8 , 0 0 0  p o u n d s  a n d  i s  c h a r g e d  w i t h  m e d i a  w e i g h i n g  3 0 0 , 0 0 0  



pounds.  



CAPITAL COST SUMMARY 

CAPACITY 10 MW P l a n t  DA'IE 3/28/85 

COST - 
Land, Land Rights  75 
Roads 85 

S i t e  and Yard Improvements 95 

In t ake  & S t r u c t u r e s :  

P i l i n g  & Concrete  S t r u c t u r e s  100 

Trave l ing  Sc reen ,  Pumps, & Piping 85 

S  t r u c  t u r a  1: 
Foundation & Sub-s t ruc ture  400 

Bui ld ing  & S t r u c t u r a l  S t e e l  500 

Concrete  & Misc .% Metal 4 00 

Mechanical: 

Turbine Genera tor  2,000 

Steam Genera tor  ge oiler) & A u x i l i a r i e s  7,200 
Machinery, Pumps, & Equipment 1 ,200  

Ins t ruments  & Cont ro l s  7 80 

Mechanical Work 6 Piping 1,700 

Coal & Ash Handling 1 ,200  

C i r c u l a t i n g  Water & Plumbing Sys tems 500 

Water Treatment 420 

P r e c i p i t a t o r  2,500 

. - 
E l e c t r i c a l :  

Swi tchgear  6 Cont ro l  400 

Wire, Cab le ,  Conduit  & M.C.C. 300 

L igh t ing  6 D i s t r i b u t i o n  .' 300 

Sub S t a t i o n  . (Step-up)  800 

SUB TOTAL DIRECT COST 21,040 
Engineer ing  4,000 

1 Cont ingenc ie s  500 
SUB TOTAL DIRECT COST 25.540 -- '  

I n t e r e s t  During ~ o n s t r u c t i o n  3% Average 631 

Cons t ruc t  i on  Management 8,000 @ 60 4 80 

Misce l laneous  Expense & F r e i g h t  1 ,000 
TOTAL INVESTMENT COST 27,451 

$ Per KW Name P l a t e  2,745 


