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STATE OF ALASKA 
Department o f  N a t u r a l  Resources 

DIVTSTON OF GEOLOGICAL AND GEOPHYSICAL SURVEYS 

According t o  Alaska S t a t u t e  41, t h e  Alaska D i v i s i o n  of Geolog ica l  and 
Geophysical  Surveys i s  charged w i t h  conduc t ing  ' g e o l o g i c a l  and geophysical  
s u r v e y s  t o  de te rmine  t h e  p o t e n t i a l  of Alaskan l and  f o r  p r o d u c t i o n  o f  m e t a l s ,  
m i n e r a l s ,  f u e l s ,  and geothermal  r e s o u r c e s ;  t h e  l o c a t i o n s  and s u p p l i e s  of 
ground w a t e r  and c o n s t r u c t i o n  m a t e r i a l s ;  t h e  p o t e n t i a l  g e o l o g i c  h a z a r d s  t o  
b u i l d i n g s ,  r o a d s ,  b r i d g e s ,  and o t h e r  i n s t a l l a t i o n s  and s t r u c t u r e s ;  and s h a l l  
conduct such o t h e r  s u r v e y s  and i n v e s t i g a t i o n s  a s  w i l l  advance knowledge of 
t h e  geology of Alaska. '  

I n  a d d i t i o n ,  t h e  D i v i s i o n  of G e o l o g i c a l  and Geophysical  Surveys s h a l l  
c o l l e c t ,  r e c o r d ,  e v a l u a t e ,  and d i s t r i b u t e  d a t a  on t h e  q u a n t i t y ,  q u a l i t y ,  and 
l o c a t i o n  of underground, s u r f a c e ,  and c o a s t a l  w a t e r  of  t h e  s t a t e ;  p u b l i s h  o r  
have p u b l i s h e d  d a t a  on t h e  w a t e r  of t h e  s t a t e  and r e q u i r e  t h a t  t h e  r e s u l t s  
and f i n d i n g s  of su rveys  of wa te r  q u a l i t y ,  q u a n t i t y ,  and l o c a t i o n  be  f i l e d ;  
r e q u i r e  t h a t  water-we1 1 c o n t r a c t o r s  f i l e  b a s i c  w a t e r  and a q u i f e r  d a t a ,  
i n c l u d i n g  b u t  n o t  l i m i t e d  t o  w e l l  l o c a t i o n ,  e s t i m a t e d  e l e v a t i o n ,  wel l -  
d r i l l e r ' s  l o g s ,  pumping t e s t s ,  f low measurements, and w a t e r - q u a l i t y  
d e t e r m i n a t i o n s ;  a c c e p t  and spend funds  f o r  t h e  purposes  of t h i s  s e c t i o n ,  AS 
41.08.017 and 41.08.035, and e n t e r  i n t o  agreements w i t h  i n d i v i d u a l s ,  p u b l i c  
o r  p r i v a t e  a g e n c i e s ,  conimunities, p r i v a t e  i n d u s t r y ,  and s t a t e  and f e d e r a l  
a g e n c i e s ;  c o l l e c t ,  r e c o r d ,  e v a l u a t e ,  a r c h i v e ,  and d i s t r i b u t e  d a t a  on s e i s m i c  
e v e n t s  and e n g i n e e r i n g  geology of t h e  s t a t e ;  and i d e n t i f y  and inform p u b l i c  
o f f i c i a l s  and i n d u s t r y  about  p o t e n t i a l  s e i s m i c  h a z a r d s  t h a t  might a f f e c t  
development i n  t h e  s t a t e .  

A d m i n i s t r a t i v e  f u n c t i o n s  a r e  performed under  t h e  d i r e c t i o n  o f  t h e  
D i r e c t o r ,  who m a i n t a i n s  h i s  o f f i c e  i n  Fa i rbanks .  The l o c a t i o n s  of DGGS 
o f f i c e s  a r e  L i s t e d  below: 

.794 U n i v e r s i t y  Ave. .3601 C S t .  ( 8 t h  £1.)  
(Basement) P.O. Box 7028 
F a i r b a n k s ,  99709 Anchorage, 99510 
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T h i s  r e p o r t  i s  f o r  s a l e  by DGGS f o r  $4. DGGS p u b l i c a t i o n s  may be in- 
s p e c t e d  a t  t h e  f o l l o w i n g  l o c a t i o n s .  M a i l  o r d e r s  should  be addressed  t o  t h e  
Fa i rbanks  o f f i c e .  
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I'KELIMINARY FEASIBILITY STUDY OF A COAL MINE AT CHlCAGO CREEK, ALASKA 
SUMMARY REPORT 

b Y 
R.M.  etherf ford, T.K. ~inderman, and C. C. Hawley 1 

SIGNIFICANT FINDINGS 

On the basis of results of the 1985 and previous drilling programs, the 
potentially mineable identified coal resource at Chicago Creek is about 4.7 
million short tons, of which 1.5 million can be mined at a stripping ratio of 
1.7:l. The remaining 3.2 million short tons have a stripping ratio of 4 : l  to 
5:1. The heating value of Chicago Creek coal averages 6,800 Btu/lb on an 
as-received basis, but the samples contained excess surface moisture; 
therefore, the actual heat content of the mined coal wi1.J probably be closer 
to 7,500 Btullb. Other coal parameters are compatible with the proposed 
thermal use: about 8 percent ash, about 0.8 percent sulfur, and fusibility 
temperatures that exceed 2,200°F. 

A review of current and future growth trends and energy requirements for 
the city of Kotzebue suggests moderate, continued growth. Hy 1990, assuming 
a 30-yr mine life, the electrical needs of Kotzebue (not including heating) 
can be satisfied by 23,000 short tons of Chicago Creek coal per year (assum- 
ing 6,500 ~ t ~ / l h  and 25-percent plant efficiency). Ry 2020, Kotzebue's 
energy needs may exceed 150,000 short tons/yr. To simplify mining, trans- 
portation, and electrical-power-generation feasibility studies, this report 
assumes a fixed production rate that is an average of the total forecast rc- 
quirement over 30 yr, rather than a production rate based on a steady in- 
crease. We assumed two basic scenarios: 1) supplying the requirements of 
Kotzebue with an average of 50,000 short tons of coal per year; and 2) supply- 
ing the electrical-energy requirements of Kotzebue and the proposed Red Dog 
Mine with an average of 150,000 short tons of coal per year. A simplified 
financial analysis was made of the coal-mining, coal-burning, and 
electrical-generation systems at the two production rates. The analysis as- 
sumed 10.5-percent interest, full capitalization within 2 yr, amortization 
over 30 yr, 15-percent return on investment, and no inflation or royalties. 

Mining-cost estimates assume modern open-pit mining methods, purchase of 
new equipment, and maximum use of local labor. Estimated mining costs, 
including delivery of coal to a stockpile located 10 mi north on tidewater at 
Willow Bay, will range from $28/short ton at the higher production rate to 
$74/short ton at the lower production rate. The estimated cost of 
transporting the coal by barge from Willow Bay to Kotzebue and delivering it 
to a covered stockpile ranges from $14 to $22/short ton at the higher and 
lower production rates, respectively. 

The choice of a power-plant location near Kotzebue was based on three 
arguments: 1) barging the coal will be cheaper than transmitting the energy; 
2) construction and operation costs for a plant at Chicago Creek will be 
higher than at Kotzebue; and 3) integration with the existing power system 

'I3awley Resource Group, Inc., 7011 Old Seward Highway, Anchorage, Alaska 
99518. 
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will be simpler. Appraisal of alternative plant configurations suggests that 
currently available, rebuilt electrical-power-generation facilities can be 
install-ed much less expensively than new equipment. In addition, because 
older rebuilt systems tend to be smaller multiboiler units, they will be more 
adaptable to the needs of an expanding Kotzebue. Therefore, we examined two 
alternative electrical-generation systems for each of our basic-demand 
scenarios. One alternative assumes the power is generated by newly 
manufactured boilers of 10 MW capacity; the other alternative assumes that 
smaller rebuilt 7.5 kW boilers are used. 

The cost per kilowatt hour for energy at the busbar (generating plant) 
was calculated for four cases. Costs ranged from $0.18 to $0.07/kWh, de- 
creasing substaritially for the higher demand scenario. Diesel-powered 
electrical-power-generation cost was $0.155/kWh in 1984. With a production 
rate of 50,000 short tonslyr, a coal-fired facility will be marginally 
competitive. However, provfding power to the Red Dog Mine and using a re- 
built plant facility will cost half that of the present system. Power can be 
transmitted to the Red Dog Mine for about $0.03/kWh with the total delivered 
cost about $O.ll/kWh. 

This preliminary feasibility study demonstrates that coal-fired 
electrical-power generation is an attractive alternative for Kotzebue and 
that a mine at Chicago Creek can provide the coal. Coal can also be supplied 
from more distant sources; for energy requirements of 50,000 short tons or 
less, the delivered cost per short ton of coal will probably be cheaper from 
other sources. Coal from more distant sources can make coal-fired 
electrical-power generation attractive for Kotzebue without the added load of 
the Red Dog Mine. However, at the higher production rate for the combined 
energy requirements of Kotzebue and the Red Dog Mine, the Chicago Creek coals 
will become very competitive at an estimated $42/short ton delivered, or an 
equivalent $3.20/million Btu. 

This study is preliminary, and changes in the assumptions will affect 
the results. Three factors can increase the cost: 1) the increasing cost of 
meeting environmental regulations (for example, the Surface Mining Act and 
Environmental Protection Agency Air Quality Regulations); 2) lower future 
energy requirements of Kotzebue; and 3) lower than predicted as-mined coal 
quality. On the other hand, other potential differences or alternatives can 
enhance the economics of the Chicago Creek coal: 1) a possible higher 
average heat content of the coal suggested by differences between as-received 
and equilibrium-bed moisture analyses; 2 )  the effect of barge ownership by 
the mining company or utility as opposed to the contractural arrangement 
considered here; 3) additional demand for coal for direct heating; and 4) the 
option of increasing mine production slowly (for example, beginning with a 
smaller operation and an accompanying smaller capital outlay). If energy 
requirements continue to grow as predicted, finance costs will decrease. 

The confidence level of the estimates contained in this report is about 
t15 percent. Assuming that the true cost of coal-fired electrical-power 
generation is as much as 20-percent higher than we have calculated, it still 
remains very competitive with today's cost of diesel power and is worthy of 
further consideration. 
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INTRODUCTION 

T h i s  r e p o r t  summarizes t h e  t e c h n i c a l  c o n s i d e r a t i o n s  and c o n c l u s i o n s  of a  
s t u d y  t h a 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 t o  
Kotzebue and nearby v i l l a g e s  u s i n g  c o a l  mined a t  Chicago Creek,  about  8 m i  
s o u t h  o f  Kotzebue Sound. It draws on t h e  r e s u l t s  of two s e a s o n s  of f i e l d  
work by Hawley Resource Group, i n c l u d i n g  d r i l  l i n g ,  g e o l o g i c  mapping, and 
downhole and s u r f a c e  g e o p h y s i c a l  su rveys .  Data from p r e v i o u s  s t u d i e s  a r e  
a l s o  used.  A more comprehensive d i s c u s s i o n  w i t h  t e c h n i c a l  d e t a i l s ,  c a l c u l a -  
t i o n s ,  and appended f i e l d  d a t a  can be  found i n  Re ther fo rd  and o t h e r s  (1986). 

I n  e a r l y  1985, Hawley Resource Group personnel.  convened a  group of 
c o n s u l t a n t s  w i t h  s p e c i f i c  e n g i n e e r i n g  exper ience  t o  conduct a  p r e l i m i n a r y  
a n a l y s i s  of t h e  f e a s i b i l i t y  of u s i n g  c o a l  from t h e  Chicago Creek a r e a  f o r  
e l e c t r i c  power f o r  Kotzebue and nor thwes te rn  Alaska.  The s t u d y  group 
addressed  a l l  a s p e c t s  of p roduc t ion  and u s e  of Chicago Creek c o a l ,  i n c l u d i n g  
market demand, mining,  t r a n s p o r t a t i o n ,  power g e n e r a t i o n ,  and e l e c t r i c a l  
t r a n s m i s s i o n .  They a l s o  touched on o t h e r  p e r t i n e n t  f a c t o r s ,  such as geo- 
t e c h n i c a l  c o n s i d e r a t i o n s ,  f i n a n c i a l  a n a l y s i s ,  and t h e  p e r m i t t i n g  p r o c e s s .  I n  
June and J u l y  1985, a f i e l d - e x p l o r a t i o n  program a t  Chicago Creek inc luded  
7,709 f t  of  r o t a r y  d r i l l i n g s ;  224 f t  of  c o r e  were recovered  i n  t h e  core-  
d r i l l i n g  phase of t h e  program. This  program supplemented i n f o r m a t i o n  from 
f i e l d  programs i n  1982 and 1983 and i n c r e a s e d  r e s o u r c e  e s t i m a t e s  sub- 
s t a n t i a l l y .  

Locat ion 

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  of 
t h e  Seward P e n i n s u l a ,  abou t  70 m i  s o u t h  of Kotzebue ( f i g .  1 ) .  The proposed 
mine s i t e  i s  on Chicago Creek,  about  1% m i  e.a.st o f  i t s  c o r ~ f l u e n c e  w i t h  t h e  
Kugruk R i v e r ,  and about  8 m i  s o u t h  o f  t h e  c o a s t  of Kotzebue Sound. 



Base from U.S. Geological Survey 

Map; Series E, 1977 

Figure 1 .  Regional map showing the location of the Chicago Creek study area, 
northwest Alaska. 



Land S t a t u s  

The l a n d s  of t h e  Chicago Creek c o a l  fie1.d ( f i g .  2 )  were s e l e c t e d  by NANA 
and t h e  v i l l a g e  c o r p o r a t i o n  of Deering under Llic terms of t h e  Alaska11 h a t j v e  
Claims Se t t l ement  Act. T11e l a n d s  were conveyed t o  t h e  c o r l ) o r n t i o n s  on :in 
interj111 b a s i s  by t h e  U.S. Bureau of Land Management. Although t h e  subsurface 
r e s o u r c e s  t e c h n i c a l l y  belong t o  NANA and t h e  s u r f a c e  r e s o u r c e s  t o  Deering 
v i l l a g e ,  NANA and i t s  v i l l a g e s  have a  c o o p e r a t i v e  agreement on t h e  a u t h o r i z e d  
u s e s  of t h e  s u r f a c e  and s u b s u r f a c e  of Native-conveyed l and .  NANA, Kotzebue, 
and o t h e r  nearby v i l l a g e s  a r e  s t r o n g l y  i n t e r e s t e d  i n  t h e  development of l o c a l  
c o a l  r e s o u r c e s  and have d e s i g n a t e d  an a c c e s s  r o u t e  th rough  t h e i r  p r o p e r t y  
from Chicago Creek t o  t h e  c o a s t  i n  a n t i c i p a t i o n  of f u t u r e  c o a l  development.  

Ac t ive  f e d e r a l  p lacer-mining c l a i m s  pending p a t e n t  and nat ive-a l l -o tment  
a p p l i c a t i o n s  have been f i l e d  on l and  n e a r  t h e  c o a l  f i e l d .  The c l a i m s  and 
a l l o t m e n t s  may become fee-simple l a n d .  These t r a n s f e r s  w i l l  n o t  a f f e c t  t h e  
s i t e  of t h e  Chicago Creek c o a l  mine, bu t  may i n f l u e n c e  t h e  l o c a t i o n  of 
c o n s t r u c t i o n - m a t e r i a l  s i t e s  o r  t r a n s p o r t a t i o n  r o u t e s .  

H i s t o r y  of t h e  Chicago Creek Coal Mine 

Coal was f i r s t  d i s c o v e r e d  on Chicago Creek by g o l d  p r o s p e c t o r s  i n  1902 
( M o f f i t ,  1906).  Some development work was conducted t h a t  y e a r ,  b u t  c o a l  was 
i n  l i t t l e  demand u n t i i  t h e  w i n t e r  of 1904-05 when go ld  was d i s c o v e r e d  on t h e  
t e r r a c e s  above Candle Creek. A need a r o s e  f o r  a  f u e l  s o u r c e  t o  steam-thaw 
p l a c e r  ground. The c o a l  d e p o s i t  was s t a k e d  i n  1905, and p r o d u c t i o n  began i n  
1908. The mine was o p e r a t e d  d u r i n g  t h e  w i n t e r  mont l~s  on ly  and was s e a l e d  
d u r i n g  t h e  summer t o  p r e v e n t  thawing and subsequent  ground i n s t a b i l i t y .  The 
mine had an  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 up t o  100,000 s h o r t  t o n s  through 
1911 when i t  was abandoned (Toenges and J o l l e y ,  1947). 

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

During t h e  l a t e  1970s and e a r l y  1980s,  t h e  S t a t e  of Alaska funded 
s e v e r a l  programs t o  i n v e s t i g a t e  new energy s o u r c e s  and i n n o v a t i v e  ways t o  use  
t r a d i t i o n a l  f u e l s  i n  remote r e g i o n s .  One s t u d y  (R.W. R e t h e r f o r d  and 
A s s o c i a t e s ,  1980) s u g g e s t s  t h a t  c o a l  could  be a  c o s t - e f f e c t i v e  energy 
a l t e r n a t i v e  f o r  t h e  Kotzebue Sound a r e a .  

The R e t h e r f o r d  s t u d y  sparked i n t e r e s t  i n  t h e  c o a l  r e s e r v e s  o f  t h e  
Kotzebue a r e a .  I n  1982, a  s t a te - funded  e x p l o r a t i o n  program t h a t  i t ~ c l u d e d  
1,637 f t  o f  d r i l l i n g  was conducted a t  Chicago Creek by D e n a l i  D r i l l i n g ,  J n c . ,  
and S tevens  E x p l o r a t i o n  Management Corpora t ion  (Manning and S t e v e n s ,  1982).  
D r i l l i n g  i n c l u d e d  520 f t  o f  c o r e  and 1,117 i t  of r o t a r y  d r i l l i n g  i n  14 
s e p a r a t e  h o l e s .  F o r t y  samples were co l l . ec ted ,  and proximate  a n a l y s e s  were 
performed. I n  1983, a c o n t i n u a t i o n  o f  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  2,800 f t  o f  r o t a r y  d r i l l i n g  (Ramsey and o t h e r s ,  
1983).  No c o r i n g  was done i n  1983, b u t  68 samples were c o l l e c t e d  from 14 
h o l e s ;  35 of t h e  samples were w i t h i n  t h e  c o a l  beds .  These samples were 
submi t t ed  t o  DGGS, b u t  no a n a l y s e s  were performed. A l l  h o l e s  were 
g e o p h y s i c a l l y  logged. 
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Base from U.S. Geological Survey 
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Quadrangles, Alaska. 

Figure 2.  Land status of the Chicago Creek area. 



Present Study 

The study described in this report began in December 1984. Personnel 
involved were C.C. Hawley, R.M. Retherford, T.K. Hinderman, J.P. Hawley, and 
W.E. Shoemaker (Hawley Kesource Group, Inc.). Several consultants were also 
involved: K.K. Stefano, a power-plant engineer; R.W. Retherford and Tom 
Humphrey, electrical engineers with backgrounds in electrical transmission; 
R.W. Christensen, a civil engineer; and John Wood, a mining engineer experi- 
enced in operating coal mines in Alaska. Henry Springer (Alaska Department 
of Transportation and Public Facilities) commented on aspects of the 
transportation system, and John Kense and Burton Greist (NANA) provided in- 
formation on Kotzebue and the N g A  region. In addition, study sessions were 
initially attended by Dave Denig-Chakroff and Brent Petrie (Alaska Power 
Authority). Because of the contract deadline, it was necessary to obtain 
most of the consultants' input before the field phase of the program. 

Field studies were conducted in June and July of 1985 to refine informa- 
tion on the reserves and geology of the coal deposit. A track-mounted air- 
rotary drill contracted from Thrasher and Associates of None was transported 
to Candle in a Hercules aircraft; from there it was driven overland to 
Chicago Creek. In all, 50 rotary holes were drilled for a total of 7,709 ft. 
A total of 224 ft was cored in 9 holes, and 152 ft were recovered. A total 
of 5,353 ft of the rotary holes was geophysicallv logged using downhole-probe 
equipment operated by Nancy Hanneman of Fairbanks. Thirty-seven samples from 
the coring program and another eight from cuttings were submitted for proxi- 
mate analysis. 

The engineering consultants drafted reports in their areas of expertise; 
these were edited for inclusion in a comprehensive report (Hawley Resource 
Group, 1985). Hawley Kesource Group condensed pertitlent sections of the 
comprehensive report for this sununary report and updated it to ref]-ect the 
results of the 1985 field work. 

MARKET DEMAND 

Kecent reports by Dames and Moore Consulting Engineers (1981, 1983), 
Arctic Slope Technical Services and others (1982), Arctic Slope Consulting 
Engineers (1984), and International Engineering Company (1985) contain 
estimates of electrical-load growth for Kotzebue. Some studies also contain 
direct-heat energy demands for Kotzebue and electrical and heating demands 
for nearby villages. In this study, the power demand of the Red Dog Mine 
project is also considered. The mining company currently plans to generate 
its own power, but will consider buying power from a reliable commercial 
source if the price is competitive. In addition to use in electrical-power 
generation, coal can also be burned for direct heat. The potential demand 
for such heating coal is addressed in the report by Arctic Slope Technical 
Services (1982), wherein a significant additional demand for such coal is 
forecast. For simplicity and because of the uncertainty involved in 
conversion of home heating systems, this study ignores coal for heating. 



Table  1 summarizes what we c o n s i d e r  t o  be r e a s o n a b l e  e l e c t r i c a l - n e e d  
p r o j e c t i o n s  f o r  Kotzebue, t h e  Red Dog Mine, and nearby v i l l a g e s .  The demands 
f o r  v a r i o u s  y e a r s  a r e  expressed  i n  megawatt h o u r s  ( M W h ) ,  and t h e  energy 
e q u i v a l e n t  i s  i n  s h o r t  t o n s  of Chicago Creek c o a l .  

GEOLOGY 

Much of t h e  n o r t h e a s t e r n  Seward P e n i n s u l a  i s  u n d e r l a i n  by marine  
metasedinlentary rocks  of p robab le  P a l e o z o i c  age.  These r o c k s  have been 
deformed and s u b j e c t e d  t o  g r e e n s c h i s t - f a c i e s  metamorphism through a  s e r i e s  o f  
t e c t o n i c  e v e n t s  t h a t  a r e  n o t  w e l l  unders tood .  Complex f o l d i n g  w i t h i n  t h e  
P a l e o z o i c  sequence i s  ev idence  of a t  l e a s t  one major conipressional e v e n t .  It 
i s  a l s o  c l e a r  t h a t  broad s t r u c t u r a l  warping began t o  occur  by mid-Cretaceous 
t ime a s  t h e r e  a r e  s e v e r a l  examples of g e n t l e  b a s i n s  f i l l e d  w i t h  c o n t i n e n t a l  
sed iments  t h a t  range i n  age  from r e c e n t  Q u a t e r n a r y  through Cretaceous .  Major 
zones of weakness such a s  t h e  Kugruk f a u l t ,  which b i s e c t s  and deforms t h e  
r e l a t i v e l y  young Chicago Creek c o a l s ,  document a  s t i l l  l a t e r  e p i s o d e  of 
t ec ton i sm.  

E a s t  of t h e  Chicago Creek a r e a ,  t h e  c r y s t a l l i n e  metamorphic rock  u n i t s  
a r e  jux taposed  a g a i n s t  and l o c a l l y  o v e r l a i n  by Cre taceous  sed iments  of t h e  
Yukon-Royukuk prov ince .  According t o  P a t t o n  ( 1 9 7 3 ) ,  t h e s e  sed iments  are 
l o c a l l y  coa l -bear ing ;  i n  t h e  p a s t ,  t h e  Chicago Creek c o a l s  were c o r r e l a t e d  
w i t h  them. On t h e  b a s i s  of palynology (liideyo Haga, Micropalen Ccr i su l t an t s ,  
wr j . t t en  commun., 1984) and g e o l o g i c  s i m i l a r i t y  t o  o t h e r  c o a l  d e p o s i t s  of 
known a g e ,  i t  seems more l i k e l y  t h a t  t h e  coa l -bear ing  sed iments  of t h e  
Chicago Creek a r e a  a r e  T e r t i a r y  i n  age (Ramsey and o t h e r s ,  1983). 

Bedrock i n  t h e  Chicago Creek a r e a  i s  mant led by 5 t o  35 f t  o f  l o e s s  t h a t  
i s  covered by t u n d r a .  Consequent ly ,  geology and r e s e r v e  e s t i m a t e s  d i s c u s s e d  
i n  t h i s  s e c t i o n  a r e  based a lmost  e n t i r e l y  on i n f o r m a t i o n  from t h e  d r i l l i n g  
programs. F i g u r e  3a i s  an  i n t e r p r e t i v e  g e o l o g i c  map of t h e  bedrock u n i t s  a s  
they  occur  benea th  t h e  overburden;  r e p r e s e n t a t i v e  c r o s s  s e c t i o n s  a r e  shown i n  
f i g u r e  3b. 

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

I n  t h e  Chicago Creek a r e a ,  f i v e  bedrock u n i t s  were d i s t i n g u i s h e d  on t h e  
b a s i s  of s c a t t e r e d  o u t c r o p s  a l o n g  Chicago Creek,  cored s e c t i o n s  o f  t h e  c o a l  
u n i t  and o v e r l y i n g  s h a l e ,  and examinat ion of r o t a r y  c u t t i n g s .  

Grave l .  sands tone .  and s i l t s t o n e  

The s t r a t i g r a p h i c a l l y  youngest  u n i t  i n  t h e  Chicago Creek a r e a  c o n s i s t s  
p r i m a r i l y  of i n t e r b e d d e d ,  p o o r l y  c o n s o l i d a t e d  g r a v e l ,  s a n d s t o n e ,  and 
s i l t s t o n e  of f l u v i a l  o r i g i n .  The u n i t  a p p e a r s  t o  t r u n c a t e  t h e  c o a l  bed i n  
some c a s e s  and i s  probab1.y of P l e j s t o c e n e  age.  

Gray and brown s i l t s t o n e ,  mudstone, and sands tone  -- -. . -- 

The c o a l  beds of t h e  Chicago Creek a r e a  occur  i n  a  sequence of p o c r l y  
c o n s o l i d a t e d ,  g ray  and brown s i l t s t o r l e  and mudstone w i t h  l o c a l  sandy beds and 
rar-c. l a y e r s  of f l u v i a l  g r a v e l .  The u n i t  c o n t a i n s  medium- t o  dark-brown 
carbonaceous layer : ; ,  many of which g rade  i n t o  c o a l  beds.  Toward t h e  bottom, 
t h e   ini it g rades  i n t o  wea thc t red  s c h i  :it and  then i11i:o f r e s h  s c h i s t .  



Table  I .  E l e c t r i c a l  needs  f o r  Kotzebue, t h e  Red Uog Mine, and nearby 
v i  l l a g e s .  

- 1,oca t i o n  1985 1990 2000 201 0 -- -- --- 2 0 2 0  

a 
Kotzebue 

MWh 
s h o r t  t o n s  

b  

Red Dog ~ i n e '  
MWh 
s o r t  t o n s  

Noetak 9 
MWh 
3 h o r t  t o n s  

Kiana 
MWh 
s h a r t  t o n s  

Selawik 
Mwh 
sh  r t  t o n s  

Noorvik a 
M w h  
s h o r t  t o n s  

BUC k land 
Mwh 
s h p r t  t o n s  

Deer iilg 
MWh 
s h o r t  tons  

~ e l l e r '  
MWh 
s h o r t  t o n s  

~ o m e  
MWh 
s h o r t  t o n s  

-- 

a  
Developed from I n t e r n a t i o n a l  Engineer ing  Company, 1985. 

b ~ l l  s h o r t  t o n s  assume 6,500 B t u l l b  and 25-percent p l a u t  e f f i c i e n c y .  
C 

Data from Cominco (J. Booth,  o r a l  commun., February 1986).  
d ~ e v e l o p e d  from Alaska Power A d m i n i s t r a t i o n  d a t a ,  1984. 
e  Developed from I n t e r n a t i o n a l  E n g i n ~ e r i n g  Company, 1981. 
' ~ s t i m a t e  based on unpubl ished d a t a  c o l l e c t e d  by R.M. R e t h e r f o r d  i n  1985. 

L i g n i t  i c  c o a l  

Coal beds  i n  t h e  Chicago Creek a r e a  range from a  few i n c h e s  t o  s e v e r a l  
t e n s  o f  f e e t  t h i c k .  Most mineable  r e s e r v e s  occur  i n  a s i n g l e  bed t h a t  
r e a c h e s  up t o  100 f t  i n  a p p a r e n t  t r u e  t h i c k n e s s ;  however, some of  t h i s  
t h i c k n e s s  may be  due t o  s t r u c t u r a l  r e p e t i t i o n .  On t h e  b a s i s  of ~ t u / l b  and 
ca rbon  c o n t e n t ,  t h e  c o a l  i s  a  high-grade l i g n i t e .  



EXPLANATION 

+; :gJ I~  Vegetation. loess. and ice - shown only 
I*I on cross sections 

MJ Gravel, sandstone, and siltstone of 
possible Pleistocene age 

Grav and brown s~ltstone, mudstone, and 
sandstone of probable Tertiary age 

-1 Lignitic coal of probable Tertiary age 

Green and gray, locally quartz - rich schist of 
probable Paleozic age 

mj Gray to black. locally calcareous schist of 
probable Paleozo~c apt. - shown only on cross sections 

Geology from drill hole data: all bedrock 
exposures are covered by 5 to 2 0  ft of 
vegetation, loess. i n d  ice 

y Attitude of bedding 

Fault with attitude. dashed where inferred, 
D and U on  downthrown and upthrown sides 
where known 

Thrust fault with attitude, barbs on  upper plate 

( Drill - hole number 

< Caved adit 

-(l- 1985 drill hole 

-0- 1983 drill hole 

O 1982 drill hole -- 

IA , Segmenl useti in reserve calculations 
SO0 

Figure 3a. I n t e r p r e t i v e  geologic  map of t h e  bedrock u n i t s  beneath overburden 
i n  t he  Chicago Creek s tudy a rea .  



(Vertical scale no exaggeration; 
horizontal scale 1.4 x exaggeration) 

Figure 3b. Cross sections of bedrock units  i n  the Chicago Creek study 
area. From Retherford and others (1986) .  



The l a r g e s t  c o a l  bed has a d i s t i n c t i v e  p a r t i n g  t h a t  a v e r a g e s  3 f t  t h i c k  
and i s  l o c a t e d  abou t  two- th i rds  below t h e  top  of t h e  bed.  Small  p a r t i n g s  and 
bony l e n s e s  a r e  more common below t h i s  main p a r t i n g .  

Green arid g r a y  s c h i s t  - 

The c o a l - b e a r i n g  s e c t i o r l  i s  bounded on t h e  west  by a  he te rogeneous  
quar tz-mica  s c h i s t  u n i t .  Where f r e s h ,  t h e  s c h i s t  i s  p redomina te ly  g reen  and 
c o n t a i n s  up t o  1 p e r c e n t  d i s s e m i n a t e d  s u l f i d e  m i n e r a l s .  

Gray t o  b l a c k  s c h i s t  

A r e l a t i v e l y  homogeneous, g ray  t o  b l a c k  quar tz-mica  s c h i s t  u n i t  w i t h  
l o c a l  c a l c a r e o u s  phases  forms t h e  basement of t h e  c o a l - b e a r i n g  u n i t  and 
u n d e r l i e s  t h e  gravel. u n i t  e a s t  of t h e  main coa l -bea r ing  s e c t i o n .  

S t r u c t u r e  

The c o a l - b e a r i n g  sed iments  occur  i n  a narrow,  n o r t h - t r e n d i n g  s t r u c t u r a l  
b a s i n  w i t h  l i t t l e  topograph ic  e x p r e s s i o n .  A s  shown on c r o s s - s e c t i o n  E-El of 
t h e  g e o l o g i c  map ( f i g s .  3 a , b ) ,  t h e  b a s i n  narrows t o  l e s s  t h a n  100 f t  wide a t  
t h e  s o u t h e r n  end.  D e s p i t e  t h i s  c o n s t r i c t i o n ,  i t  h a s  been t r a c e d  a long  s t r i . k e  
by d r i l l i n g  f o r  abou t  8 ,000 f t .  On t h e  b a s i s  of g e o p h y s i c s ,  t h e  b a s i n  prob- 
a b l y  c o n t i n u e s  t o  t h e  n o r t h  f o r  a t  l e a s t  a n o t h e r  m i l e .  Although t h e  b a s i n  
a p p e a r s  t o  p inch  o u t  t o  t h e  s o u t h ,  c o a l  o c c u r s  a t  t h e  Wal l in  Coal Mine, which 
i s  rough ly  on s t r i k e  4 m i  s o u t h  of t h e  l a s t  known o c c u r r e n c e  a t  Chicago Creek 
( f i g .  2 ) .  

The 1985 d r i l l i n g  was c o n c e n t r a t e d  on t h e  s o u t h e r n  end of  t h e  known 
t r e n d ,  a l o n g  approx imate ly  3,600 f t  of  s t r i k e  l e n g t h  a s  shown i n  f i g u r e  3a .  
T h i s  p a r t  o f  t h e  b a s i n  i s  bounded on t h e  wes t  by a  t h r u s t  f a u l t  t h a t  
j u x t a p o s e s  t h e  T e r t i a r y  sed iments  w i t h  t h e  g r e e n  and g r a y  s c h i s t  u n i t .  The 
f a u l t  d i p s  west  a t  a n g l e s  t h a t  r ange  from 15' t o  85'. Because of  t h i s  
t h r u s t i n g ,  p a r t  of t h e  c o a l  d e p o s i t  i s  a c t u a l l y  capped w i t h  c r y s t a l l i n e  
basement r o c k s  ( s e c t i o n  D - D l ,  f i g .  3b) .  

The narrow e l o n g a t e  c o a l  d e p o s i t s  of t h e  Chicago Creek Coal F i e l d  
s u g g e s t  t h e y  p robab ly  formed o r  a t  l e a s t  were p r e s e r v e d  i n  a  topograph ic  low 
c o n t r o l l e d  by a c t i v i t y  a l o n g  a  l i n e a r  zone of  weakness.  T h i s  zone i s  
p a r a l l e l  t o ,  i f  n o t  c o i n c i d e n t  w i t h ,  t h e  mapped l o c a t i o n  of t h e  Kugruk f a u l t .  
From ev idence  of  t h r u s t i n g  and normal f a u l t i n g  found w i t h i n  t h e  c o a l  d e p o s i t ,  
i t  i s  a l s o  e v i d e n t  t h a t  s t r u c t u r a l  a c t i v i t y  p e r s i s t e d  w e l l  i n t o  T e r t i a r y  
t ime . 

Coal Q u a l i t y  

From t h e  1985 program, 37 samples of d r i l l  c o r e  and a n  a d d i t i o n a l  e i g h t  
samples from c u t t i n g s  were submi t t ed  f o r  proximate  a n a l y s i s  t o  t h e  U n i v e r s i t y  
of Alaska Minera l  I n d u s t r y  Research Labora to ry  (MIRL) i n  F a i r b a n k s .  The 
samples were t e s t e d  f o r  h e a t i n g  v a l u e  ( B t u / l b )  and m o i s t u r e ,  v o l a t i l e - m a t t e r ,  
f ixed-ca rbon ,  a s h ,  and s u l f u r  c o n t e n t .  Because t h e  samples c o n t a i n e d  a 
s i g n i f i c a n t  amount of s u r f a c e  w a t e r ,  e q u i l i b r i u m  m o i s t u r e  was d e t e r m i ~ l e d  on 
f i v e  samples  t o  g i v e  n b e t t e r  approx imat ion  of  expec ted  t r u e  bed m o i s t u r e .  
The a v e r a g e s  of t h e  t e s t  r e s u l t s  and v a l u e s  f o r  o t h e r  Alaska c o a l s  a r e  shown 
i n  t a b l e  2.  



Table 2. Averages of proximate analyses of Chicago Creek and other Alaska coals. 

Volatile 
matter 

( X I  

Fixed 
carbon 

(%> - 

Heating 
value 
(Btu/lb) 

Total 
sulfur Moisture 

( X I  
Ash 
(2 )  Source 

Chicago Creek, as received 
Chicago Creek, equilibrium 
bed moisture 

Cape Beaufort (Arctic Slope 
Consulting Engineers, 1984) 

Chuitna River, Beluga Field 
(Ramsey , 1980) 

Usibelli Mine, Healy Field 
(Denton, 1980) 

Bering River Field 
(Barnes, 1967) 



Compared t o  most Alaska c o a l s ,  Chicago Creek l i g n i t e  i s  low i n  h e a t i n g  
v a l u e .  The a n a l y t i c a l  r e s u l t s  f o r  m o i s t u r e  c o n t e n t  were h i g h  p robab ly  p a r t l y  
due t o  m e l t i n g  of  c o n t a i n e d  i c e  i n  f r a c t u r e s  and l e n s e s  a f t e r  t h e  samples  
were bagged. Such i c e  would t end  t o  m e l t  and d r a i n  o f f  i n  a  s t o c k p i l e .  
T h i s  p r o c e s s  a l s o  o c c u r s  a t  t h e  U s i b e l l i  c o a l  o p e r a t i o n .  The a s h  c o n t e n t  f o r  
t h e  Chicago Creek c o a l  i s  abou t  a v e r a g e  f o r  Alaska c o a l s .  The s u l f u r  c o n t e n t  
i s  somewhat h i g h  f o r  Alaska c o a l ,  b u t  low t o  average  f o r  c o a l s  worldwide.  

MIRL a l s o  performed a s h - f u s i b i l i t y  and w a s h a b i l i t y  t e s t s  on c o r e  from 
t h e  1982 D e n a l i  d r i l l i n g  program. The f u s i b i l i t y  t e s t s  i n d i c a t e  t h a t  t h e  
c o a l  can be used w i t h o u t  s i g n i f i c a n t  problems i n  any t y p e  of  f i r i n g  sys tem;  
t h e  w a s h a b i l i t y  t e s t s  i n d i c a t e  t h a t  washing w i l l  n o t  s i g n i f i c a n t l y  reduce  t h e  
a s h  c o n t e n t  of  t h e  coal.. 

Resource E s t i m a t i o n  

According t o  c u r r e n t l y  used d e f i n i t i o n s ,  t h e  Chicago Creek c o a l  i s  
p r o p e r l y  c l a s s e d  a s  a  demonstra ted  r e s o u r c e ,  which i m p l i e s  a  r e a s o n a b l e  l e v e l  
of g e o l o g i c  c o n f i d e n c e  i n  t h e  q u a n t i t y  p r e s e n t .  Demonstrated r e s o u r c e s  a r e  
d i v i d e d  i n t o  measured (h igh-assurance  l e v e l )  and i n d i c a t e d  (moderate-  
a s s u r a n c e  l e v e l )  c l a s s e s .  The r e l a t i v e  d e n s i t y  o f  d r i l l  h o l e s  and sample 
a n a l y s e s  from t h e  s o u t h e r n  p a r t  of  t h e  Chicago Creek d e p o s i t  j u s t i f y  t h e  
c l a s s i f i c a t i o ~ i  of  t h e  c o a l  i n  segments I ,  11, and 111 ( f i g .  3a )  a s  measured 
demons t ra ted  r e s o u r c e s .  A d d i t i o n a l  c o a l  r e s o u r c e s  t o  t h e  n o r t h  t h a t  were 
i n t e r c e p t e d  by wide ly  spaced d r i l l  h o l e s  i n  e a r l i e r  programs (Ramsey and 
o t h e r s ,  1983) shou ld  p robab ly  o n l y  be  c o n s i d e r e d  a s  i n d i c a t e d .  

On t h e  b a s i s  of d r i l l  d a t a  g a t h e r e d  d u r i n g  and p r e v i o u s  t o  t h e  1985 
f i e l d  s e a s o n ,  t h e  Chicago Creek a r e a  c o n t a i n s  a  t o t a l  demons t ra ted  r e s o u r c e  
of a t  l e a s t  4.7 m i l l i o n  s h o r t  t o n s  of c o a l  w i t h i n  300 f t  of t h e  s u r f a c e  
( t a b l e  3 ) .  T h i s  f i g u r e  i s  a  l i t t l e  o v e r  1 m i l l i o n  s h o r t  t o n s  l a r g e r  t h a n  t h e  
p r e v i o u s  e s t i m a t e  of Chicago Creek c o a l  r e s o u r c e s  (Ramsey and o t h e r s ,  1983) ,  
a r e f l e c t i o n  of  t h e  1985 d i s c o v e r y  of  t h i c k e r  and more c o n t i n u o u s  c o a l  beds  
i n  segments I and I1 ( f i g .  3a) .  The measured demons t ra ted  c o a l  r e s o u r c e  
w i t h i n  segments I ,  11, and I11 is  ebou t  2.5 m i l l i o n  s h o r t  t o n s  and w i l l  
p robably  be t h e  i n i t i a l  t a r g e t  of any f u t u r e  mining p lan .  

A magnetometer s u r v e y  conducted n o r t h  of t h e  d r i l l e d  a r e a  i n  t h e  f a l l  of 
1984 s u g g e s t s  t h a t  t h e  c o a l  b a s i n  e x t e n d s  f o r  a t  l e a s t  a n  a d d i t i o n a l  m i l e  
p a s t  t h e  l a s t  d r i l l  h o l e s .  I f  a n  a v e r a g e  bed t h i c k n e s s  of 20 f t  is assumed, 
t h e  a d d i t i o n a l  m i l e  of  s t r i k e  may c o n t a i n  1 . 7  mi l . l ion  s h o r t  t o n s  of c o a l .  
The d i s t r i c t  p robab ly  c o n t a i n s  s t i l l  more c o a l  a l o n g  s t r i k e  t o  t h e  n o r t h  and 
sou th .  A d d i t i o n a l ,  und i scovered ,  p a r a l l e l  c o a l  b a s i n s  may a l s o  e x i s t  t o  t h e  
e a s t  and wes t .  

M I N I N G  PLAN 

A 1  t l ~ o u g h  o t h e r  mining methods were c o n s i d e r e d ,  environmental  1  y accept- -  
a l ~ l e ,  moctt r n  ope11-pit mining js p robab ly  by f a r  t h e  most cconomic ;~ l .  Tli-is i s  
e s p e c i a l  l y  t r u e  wit11 i n  tlie t h i c k e r  s e c t  ion:; of t h e  seam where s t r i p p i n g  
r a t i o s  a r e  l e s s  than  2 :  1. l'he f o l l o w i n g  d i s c u s s i o n  i s  based on an open-pi t  



Table  3. Es t imates  o f  coa l  resourcesa ,  Chicago Creek, Alaska ( s e e  f i g .  3.9 for  l o c a t i o n  of segments).  

Mineable Average 
Cross -sec t ion  s t r i k e  bed Prev ious ly  Mining Dip Demonstrated 

s t a t  ion o r  l e n g t h  t h i c k n e s s  Den:,ity mined tlclpth depth c o a l  resourcc  
Segment h o l e  used ( f t )  ( f t )  f a c t o r  ( f t )  ( f  t )  ( s h o r t  tons)- ( s h o r ~  t o n s )  

1 A 1500s 800 37.5 80 l b / f t 3  None 1.00 0 5 78,000 
13005 2,000 l b / t o n  200 196 235,000 
1100s 300 360 459,000 
880s 

S u b t o t a l  of  I A  and IB 
(Less 100,000 s h o r t  
tons  p r e v i o u s l y  mined) 

I I A  130N 
4 20N 
510N 

650 83.0 80 l b / f t J  None 100 
2,000 l b / t o n  200 

300 

I l B  620N 730 34.0 80 l b / f t 3  None 100 83 82,400 
890N 2,000 l b / t o n  200 195 1.93,600 

1 l O O N  300 3 10 307,770 

S u b t o t a l  of I I A  and I I B  

840 18.0 80 l b / f t 3  None 100 
2,000 l b / t o n  200 

300 

1,200 28.0 80 l b / f t 3  None 100 
2,000 l b / t o n  200 

300 

1,000 39.0 80 l b / f t 3  None 100 
2,000 l b / t o n  200 

300 

V B ~  9-83 2,300 20.0 80 l b / f t 3  None 100 141 259,440 
t h r u  2,000 l b / t o n  200 283 520,720 

14-83 300 4 24 780,160 

100 141. 1,220,734 
200 283 2,951,990 

T o t a l  ( a l l .  8,220 N /A N /A 300 424 4,714,386 
segments) 

:wood (1981); i n c l u d e s  measured and i n d i c a t e d  resources .  
Segment shown o n l y  on p l a t e  I o f  Ramsey and o t h e r s  (1983). 

des ign  where was te  from one s e c t i o n  of t h e  p i t  i s  backhauled t o  a  p r e v i o u s l y  
mined s e c t i o n  and used t o  r e c l a i m  t h e  p i t  t o  n e a r - o r i g i n a l  topography. Cos t s  
a r e  expressed  i n  1985 d o l l a r s .  Although a m o r t i z a t i o n  of equipment i s  
i n c l u d e d ,  t h e  c o s t  of f i n a n c i n g  i s  n o t .  



Initial Mine Development 

Initial mine development will require construction of a haulroad, 
coal-stockpile pad, airstrip, camp facility, and diversion ditch (fig. 4). 
Haulroad and camp construction will occur over a 2-yr period. Heavy 
equipment, fuel, and temporary camp facilities will be delivered to Willow Bay 
in the fall. Before breakup, the equipment and camp will be moved 
cross-country to the campsite. Airstrip and haulroad construction will occur 
the first summer; gravel from the bars and flood plains of the nearby Kugruk 
River or suit,able material from within the pit area will be used. The same 
equipment used for this initial devel.opment will later be used to strip and 
mine the coal. 

Earthfill structures - 

The largest and earliest earthmoving effort will be construction of the 
road. The road, which will require 5 mo to build, will be a gravel overlay 
that averages 35 ft wide, 5 ft thick, and about 10 mi long. About 350,000 yd3 
of gravel will be required. A straight section wider than the rest will be 
built near the camp to serve as an airstrip. Gravel pads will also be 
constructed for shop, generator, fuel-storage, and bunkhouse areas. A pad 
suitable for a coal stockpile will be lajd at the terminus of the road at 
Willow Bay. A 5,000-ft-long ditch and a small diversion dam will be 
constructed on Chicago Creek upstream from the pit area. About 115,000 
additional cubic yards of gravel will be needed for that construction. A 
total gravel-resource base of 500,000 yd3 is assumed for construction. 
Because most heavy hauling will occur in April while the roadbed is still 
frozen, road-design requirements can be minimized. The cost of this 
construction (including limited funds for a temporary camp, and planning, 
engineering, and environmental baseline studies over a 2-yr period) will be 
about $4.6 million. 

Permanent camp facility 

The permanent camp will have complete facilities for 20 people and will 
include a 60- by 140-ft shop-warehouse complex. Construction materials and 
permanent fuel-storage tanks will be delivered to Willow Bay during the fall 
of 1990. The initial camp will have diesel generators that use waste heat. 
In future years, a small coal-fired system will eventually provide prime 
power. Most of the permanent camp will be constructed during the spring and 
summer of 1991, concurrent with the onset of coal-stripping activities. Full 
occupancy is planned for the early part of 1992 when the first coal mining 
will actually begin. The permanent camp will cost about $1.8 million. 

Design of the Open Pit 

The latest reserve estimates indicate that initial development of the 
pit will logically commence in segments IB and IIA (figs. 5a,b and table 4), 
where stripping ratios are 1.7 and 1.6:1, respectively. Taking advantage of 
the low topography of the Chicago Creek valley, pit development can commence 
in I 1 A  and move south into IB. Maximum pit depths of 300 ft below the surface 
are planned for segments LA and TB. The depth will decrease to 250 ft below 



162~30' 

Base from U.S. Geological Survey 
Bendeleben D-1 and Kotzebue A-1 
Quadrangles, Alaska. 

Figure  4. Proposed f a c i l i t i e s  f o r  t h e  Chicago Creek Coal Mine. 
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Figure 5a. Map of the proposed 30-yr open-pit mine and associated structures 
a t  Chicago Creek. 
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Figure 5b. Representative cross sections of the proposed 30-yr open-pit mine 
a t  Chicago Creek. 



Stripping and mining activities will be restricted to the spring and summer 
months to take advantage of the long claylight hours and warm weather and to 
minimize equipment maintenance. In a typical year, operations will begin in 
early April when the exposed c o a l  will be mined, hauled to Willow Bay, and 
stockpiled. This mining and hauling will take 1 mo. All heavy haulage over 
the road to Willow Bay will be completed by early May before the ground 
thaws. The crews will then begin to strip the overburden for the next 
season's mining, which will continue for 2 to 3 mo depending on the depth 
of the pit. Stripping and reclamation operations will be completed by 
September 1. 

The average annual mining-development and production costs developed in 
this study are summarized in table 5. The table shows that the average 
annual cost to strip and haul 50,000 tons of coal to stockpile at Willow Bay 
with no provision for royalties or taxes is $1.5 million. 

Equipment selection 

Several characteristics of the project suggest that new, proven con- 
struction equipment should be selected. Equipment usage averages 
1,000 hr/yr. The volume of material to be moved is also small--- 
2.5 million yd3 of overburden and 1.5 million short tons of coal over 30 yr, 
or 85,000 yd3 and 50,000 short tons annually. Although annual use is low, 
any equipment downtime in this remote location will significantly impact pro- 
duction and expenses. Therefore, new rather than used or rebuilt equipment 
should be specified for the project. The selected equipment suite has been 
time-proven in Alaska conditions at Healy and on the North Slope. The suite 
includes equipment for drilling and blasting; ripping, loading and hauling 
the waste; and hauling the coal to Willow Bay. The total capital cost of 
equipment is about $3.5 million. 

Labor 

A crew of 12 is planned for the mining operation during the 3-month 
field season with an additional year-round office staff of three stationed in 
Kotzebue. A fully burdened wage rate of $35/hr, which includes all overtime 
and employer's contributions, is used in the analyses. The super- 
intendentlengineer, foreman, and shop foreman are key people to the field 
operation and should be paid year-round to insure their availability; 
possibly, they could also help operate Kotzebue facilities in the winter. 
Besides a year-round home-office staff of three, a winter caretaker should be 
retained at the mine to prevent vandalism. Although all hourly employees 
will probably be hired from Kotzebue or the vicinity, several of the initial 
salaried and year-round crew will probably need to be brought in from outside 
the immediate area until local people can be trained for the jobs. Their 
salaries should be sufficient to insure that they remain long enough to 
successfully train a resident staff. 

COAL HANDLING AND TRANSPORT 

Assuming that the power plant is built south of Kotzebue, it will be 
necessary to transport the coal out of the mine area. Some possible 
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Table 4 .  Summary of d a t a  f o r  open-pit mine. 

Average c o a l  t h i cknes s  ( f t )  
Average d i p  ( O )  

Depth of overburden ( f t )  
T o t a l  v e r t i c a l  depth ( f t )  
Dip depth ( f t )  
Length ( f t )  
S t r i pp ing  volume 

(1,000 yd3) 
Mineable c o a l  volume 

(1,000 s h o r t  ton)  
Years t o  be mined 

!@ 50,000 s h o r t  t o n l y r )  
S t r i p p i n g  r a t i o  

Segments 
I A IF3 'I I A  I IR ITT Average T o t a l  - - - - - -  

a 
Average s t r i p p i n g  r a t i o  i s  weighted according t o  volume wi th in  each segment. 

s u r f a c e  i n  I I A ,  p a r t l y  because of topography, and t o  200 i t  i n  segments I I B  
and III. I n i t i a l l y ,  excavated waste rock w i l l  be used a s  road-base m a t e r i a l ,  
bu t  excess  o r  u n s u i t a b l e  m a t e r i a l  can be s tockpi l .ed down st re an^ from t h e  opera- 
t i o n  next  t o  t h e  access  ramp. 

The c o a l  and wal l  rock a r e  permanently f rozen;  thus ,  s l o p e s  should 
remain reasonably s t a h l e  and l i t t l e ,  i f  any, ground water  should be  
encountered. Therefore ,  t h e  p i t  highwall  is  designed wi th  a s l o p e  of 0 .5 : l .  
S imi l a r  s l o p e s  i n  comparable m a t e r i a l  were used s u c c e s s f u l l y  a t  t h e  Healy and 
Matanuska c o a l  ope ra t i ons .  

I f  s l ope  f a i l u r e  occurs ,  i t  will .  probably be along o r  behind t h e  
foo twa l l  of t h e  seam. S t r i p p i n g  no more than  2 y r  i n  advance w i l l  a l low t h e  
t o e  of t h e  seam t o  be bu t t r e s sed .  Also, i f  massive s lope  f a i l u r e  suddenly 
occurs ,  i t  w i l l  de s t roy  only a 2-yr supply of s t r i p p e d  c o a l  a t  most. I n  a 
t y p i c a l  yea r ,  ample t ime w i l l  remain i n  August and September f o r  remedial  
s l ope  r e p a i r s  i f  they become necessary.  

Segment Z / p i t  I can be accessed by c u t t i n g  a shal low s l o t  a long s t r i k e  
t o  t h e  south  and bu i ld ing  a haulroad a t  a maximum 15-percent grade i n t o  t h e  
p i t  highwall  ( f i g .  5a) .  The p i t  w i l l  have a s t r i k e  l eng th  s u f f i c i e n t  t o  
a l low haul roads  along t h e  highwall  without  having t o  c u t  a d d i t i o n a l  access  
s l o t s .  Representa t ive  c ross -sec t ions  of t h e  p i t  a r e  shown i n  f i g u r e  5b. 

Operat ions 

The problems wi th  a s h o r t  mining season,  r e l a t i v e l y  small  demand f o r  
c o a l ,  remote l o c a t i o n ,  s h o r t  i c e - f r ee  barging season,  and shal low water  of 
Kotzebue Sound w i l l  r e q u i r e  c r e a t i v e  s o l u t i o n s  if t h e  de l ive red  p r i c e  of coa l  
1 s  t o  be  kept  t o  a minimum. One of t h e  b e s t  s o l u t i o n s  w j l l  be t o  sequence 
mining and t r a n s p o r t a t i o n  of c o a l  according t o  c l ima te  and ground condi t ions .  



Table 5. Summary of mining-development and production costs. 

Rate of 

- coal production 

Develo~ment costs 

Year 1 
Exploration 
Site improvement 
Equipment 

Subtotals 

Year 2 
Site improvement 
Permanent camp 

Subtotals 

Totals 

Annual production costs 

Nominal cost /tona 

50,000 
short tons/yr 

100,000 
short tons/yr 

150,000 
short tonslyr 

a Excluding financing costs. 

transportation options, such as construction of a road or railroad, are 
impractical because of the small scale of the operation and the low unit 
value of the commodity. A winter ice road is not feasible across Kotzebue 
Sound because of pressure ridges and annual. construction and maintenance 
expenses. 

The transportat-l.on system considered in this report was selected because 
it uses proven, existing technology. The coal will be transported by truck 
to Willow Bay and then by tug and barge to Kotzebue. As stated earlier, 
annual production rates of 50,000 and 150,000 short tons of coal are 
considered. 

Transportation of 50,000 Short Tons of Coal Annually 

At the Willow Ray site, coal will be held in a stockpile located on a 
level gravel pad. The pad must be designed for adequate drainage and treat- 
ment of runoff water. Coal trucks will haul the coal from the mine site, 
and D-9 bulldozers will stockpile the coal. In this study, the costs of 
construction of the stockpile pad and of transporting the coal to the pad are 
included in the mining costs. 

Coal will be loaded at the Willow Bay site using a conveyor system fed 
by a Cat-988 loader, assuming that one of the mine's loaders is available at 



t h e  t ime of t h e  l o a d i n g  o p e r a t i o n .  T h e r e f o r e ,  on ly  o p e r a t i n g  c o s t s  a r e  
inc luded  i n  l o a d i n g  expenses .  

P r e l i m i n 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 were ob- 
t a i n e d  w i t h  t h e  h e l p  of Van Ooteghem Equipment Company of Anchorage. The 
conveyor w i l l  be a  250-ft- long, 30-in.-wide, wire-rope system w i t h  a  hopper 
f e e d e r  and a  t e l e s c o p i n g  barge  l o a d e r .  A p r e l i m i n a r y  c o s t  e s t i m a t e  f o r  
equipment adequa te  t o  move 50,000 s h o r t  t o n s  of c o a l  i s  about  $1,000,000. 

Barges w i l l  be  moored a t  a  dock 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 .  The dock f a c i l i t y  w i l l  be  k e p t  a s  s imple  a s  p o s s i b l e  t o  minimize 
c o s t s .  On-site e n g i n e e r i n g ,  oceanographic ,  and i c e  s t u d i e s  w i l l  be r e q u i r e d  
b e f 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  dock can b e  f i n a l i z e d .  Mike Swal l ing  of 
Swal l ing  C o n s t r u c t i o n  Company---an Anchorage-based f i r m  w i t h  e x p e r i e n c e  i n  
marine  const ruct ion---suggested s e v e r a l  p o s s i b l e  a l t e r n a t i v e  d e s i g n s  t h a t  
range from $750,000 ( o r  p o s s i b l y  l e s s )  t o  more t h a n  $2,000,000 ( o r a l  comrnun., 
1985). For t h i s  s t u d y ,  we chose  a  c o n s e r v a t i v e  d e s i g n  t h a t  i n c l u d e s  a  s h o r t  
p i e r  w i t h  d o l p h i n s ;  t h i s  dock f a c i l i t y  w i l l  c o s t  abou t  $1,000,000 ( o r a l  
commun., 1985) . 

A l l  b a r g i n g  w i l l  occur  d u r i n g  t h e  i c e - f r e e  season ,  which t y p i c a l l y  
ex tends  from mid-July t o  mid-October. We assumed t h a t  a  commercial 
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  be used.  A r c t i c  S lope  Con.sult ing 
Engineers  (1984) concluded t h a t  purchase  o f  a  t u g  and barge  might s a v e  some 
money, p a r t i c u l a r l y  i f  used equipment i s  a v a i l a b l e .  The u n c e r t a i n t i e s  i n  
t h a t  approach,  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 .  For t h i s  
s t u d y ,  a  c o n s e r v a t i v e  approach u s i n g  a v a i l a b l e  equipment was chosen. 

With t h e  equipment d e s c r i b e d  above,  b a r g e s  can be  loaded a t  a r a t e  of 
about  300 s h o r t  t o n s / h r ;  a  s i m i l a r  r a t e  shou ld  be a t t a i n a b l e  i n  unloading.  
Using t h i s  r a t e  and assuming t h e  u s e  of a  t u g  and two tandem 2,000-ton b a r g e s  
t r a v e l i n g  100 mi lday ,  50,000 s h o r t  t o n s  of c o a l  can be moved i n  about  22 days  
of con t inuous  o p e r a t i o n .  We o b t a i n e d  a t e n t a t i v e  t e lephone  quo te  o f  $400,000 
from Crowley Marit ime Corpora t ion  ( P o r t l a n d )  t o  move t h e  c o a l  u s l n g  equipment 
such a s  t h i s .  T h i s  f i g u r e  i s  based on a r a t e  of $8,000/day and i n c l u d e s  
t r a v e l  t ime  t o  and from P o r t l a n d .  The u s e  of an a d d i t i o n a l  s e t  of b a r g e s  
would a l l o w  t h e  t u g  t o  b e  underway more o r  l e s s  c o n t i n u a l l y  and would a l s o  
a l l o w  a  s i g n i f i c a n t  con t ingency  f o r  wea ther  and o t h e r  d e l a y s  a t  t h e  same o r  
reduced c o s t .  

Shal low-draf t  b a r g e s  can be  unloaded a t  e x i s t i n g  f a c i l i t i e s  i n  Kotzebue. 
A proposed p o r t  f a c i l i t y  a t  Cape Blossom (about  10 m i  s o u t h  of Kotzebue) 
could a l s o  p o s s i b l y  b e  used ,  a l l o w i n g  f o r  t h e  u s e  of l a rge- tonnage ,  deep- 
d r a f t  b a r g e s .  However, because  o f  t h e  c o s t s  of t r u c k  t r a n s p o r t a t i o n ,  t h e r e  
would be an  a p p r e c i a b l e  c o s t  s a v i n g s  i f  t h e  un load ing  f a c i l i t y  were c l o s e  t o  
t h e  s t o c k p i l e  s i t e .  It i s  t h e r e f o r e  assumed t h a t  c o n s t r u c t i o n  c o s t s  of a 
s e p a r a t e  barge-docking f a c i l i t y  would be o f f s e t  by s a v i n g s  i n  t r a n s p o r t a t i o n  
and o t h e r  c o s t s  and t h a t  t h e  un load ing  would be done a t  a  new f a c i l i t y  
j u s t  s o u t h  of Kotzebue and immediately a d j a c e n t  t o  a  s t o c k p i l e  s i t e .  Because 
of environmental  f a c t o r s  and t h e  n e c e s s i t y  of keep ing  t h e  coal. from f r e e z i n g  
i n  t h e  w i n t e r ,  i t  i s  assumed t h a t  t h e  s t o r a g e  f a c i l i t y  would be enc losed  by a 
s imple ,  u n i n s u l a t e d  s t r u c t u r e .  



The un load ing  i s  assumed t o  be  done by a  wheeled l o a d e r  s i m i l a r  t o  t h a t  
used i n  t h e  l o a d i n g  o p e r a t i o n .  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  barge- 
un load ing  equipment may prove t o  be  c o s t  e f f e c t i v e .  Two t r u c k s  w i l l  
t r a n s p o r t  t h e  c o a l  t o  t h e  s t o c k p i l e  s i t e ,  where i t  w i l l  be s t a c k e d  by a  D-7 
Cat. I f  ba rge  t r a n s p o r t a t i o n  can be used a f t e r  mid-August, t h e  D-7 Cat and 
some t r u c k s  from t h e  mine w i l l  be a v a i l a b l e .  We have,  however, assumed 
purchase  of  a  l o a d e r ,  because  one w i l l  be needed on a  year-round b a s i s  t o  
f e e d  t h e  p l a n t .  

T r a n s p o r t a t i o n  of 150,000 Shor t  Tons of  Coal Annually 

Assuming a n  a n n u a l  p r o d u c t i o n  of 150,000 s h o r t  t o n s  of c o a l ,  more s t o c k -  
p i l e  space  w i l l  be needed a t  b o t h  ends .  The l o a d i n g  and un load ing  f a c i l i t i e s  
d e s c r i b e d  above w i l l  p robab ly  no t  be adequa te  t o  l o a d  t h e  b a r g e s  a t  a n  
e f f i c i e n t  r a t e ,  e s p e c i a l l y  because  two s e t s  o f  t u g s  and b a r g e s  might be 
n e c e s s a r y  t o  move t h e  tonnage d u r i n g  t h e  s h o r t  s h i p p i n g  season .  T h e r e f o r e ,  
t h e  c a p i t a l  c o s t  of t r a n s p o r t a t i o n  f a c i l - i t i e s  would s i g n i f i c a n t l y  i n c r e a s e .  
The o p e r a t i o n a l  c o s t  of l o a d i n g  and un load ing  would i n c r e a s e  i n  a  l i n e a r  
manner, and a n  e x t r a  Por t land-Kotzebue-Por t land r u n  would be r e q u i r e d  i f  a 
second t u g  were used.  C a p i t a l  and o p e r a t i n g  c o s t s  of t h e  n e c e s s a r y  
t r a n s p o r t a t i o n  f a c i l i t i e s  a r e  shown i n  t a b l e  6. 

Tab le  6. Sumn~ary of t r a n s p o r t a t i o n  c o s t .  

50,000 
s h o r t  t o n s l v r  

150,000 
s h o r t  t o n s l v r  

C a ~ i t a l  c o s t  

Willow Bay f a c i l i t i e s  
Kotzebue f c c l l i t i e s  

T o t a l  $4,000,000 $7,000,000 

Annual. o n e r a t  i n e  c o s t  

Willow Bay f a c i l i t i e s  
Kotzebue f a c i l . i t i e s  
Tug and ba rge  c o s t s  

Annual t o t a l  $ 467,2CO $1,001,600 

F i n a n c i a l  A n a l y s i s  o f  De l ive red-coa l  C o s t s  

Although t h e r e  a r e  n o t  enough ha rd  d a t a  a v a i l a b l e  t o  de te rmine  a  f i n a l  
s e l l i n g  p r i c e  f o r  Chicago Creek c o a l  d e l i v e r e d  t o  t h e  power-plant  s t o c k p i l e  
s o u t h  o f  Kotzebue, a  r e a s o n a b l y  a c c u r a t e  r ange  of  s e l l i n g  p r i c e s  ( i n  1985 
d o l l a r s )  can be  p r o j e c t e d  u s i n g  s e v e r a l  a s sumpt ions :  

1. I n i l n t i o n  is  no t  c o ~ i s i d e r e d .  



2.  Eighty percent  of t he  hard c a p i t a l  and development c o s t s  a r e  Borrowed 
a t  an average i n t e r e s t  r a t e  of 10% percent .  

3 .  Development c o s t s  and i n t e r e s t  a r e  amortizeti evenly over t he  
est imated 30-yr l i f e  of t he  mine. 

4. Current t a x  r a t e s  and laws remain the  same. 

5. Chicago Creek c o a l  is  not sub jec t  t o  a roya l ty  claim,  because 2t i s  
mined by the  resource owners. 

A range of c o s t s  f o r  mining the  coa l  and d e l i v e r i n g  I t  t o  Kotzebue can 
he determined a t  d i f f e r e n t  annual product ion r a t e s  ( t a b l e  7 ) .  The f i n e n c i a l  
c a l c u l a t i o n s  were de l e t ed  f o r  t h i s  summary r e p o r t .  

Table 7. T o t a l  c o s t  of Chicago Creek c o a l  de l ive red  t o  Koczebue. 

Cost 50,000 100,000 150,000 
category - s h o r t  t o n s l y r  s h o r t  t o n s l y r  s h o r t  t ons /y r  

Mining 
Transpor ta t ion  

To ta l  cos t  
(per  s h o r t  ton)  $96 

POWER PLANT 

Many f a c t o r s  e n t e r  i n t o  planning a power p l a n t ,  some of which cannot be 
determined without  ex tens ive  f u r t h e r  s tudy.  By cons ider ing  the  va r ious  
a l t e r n a t i v e s ,  however, and drawing on the  c o n s u l t a n t s '  experience,  z season- 
a b l e  choice  of f a c i l i t i e s  and l o c a t i o n s  can be i d e n t i f i e d  f o r  a  base-case 
c o s t  s tudy .  

S i t e  Se l ec t ion  

Three power-plant l o c a t i o n s  were considered i n  developing t h i s  study: 
1) the  mine mouth, 2) t h e  Red Dog Mine, and 3) Kotzebue. Although a mine- 
mouth p l a n t  would be a t  t h e  resource s i t e ,  a t ransmission l i n e  would have t o  
be b u i l t  from the  mine t o  Kotzebue, and the  power p l a n t  would have t o  be con- 
s t r u c t e d  and operated a t  a remote s i t e .  This op t ion  would d e f i n i t e l y  in-  
c r ease  cons t ruc t ion  and opera t ing  c o s t s  and add t o  the  problems of ope ra t ing  
an i n t e g r a t e d  power system. Personnel probl.ems a s s o c i s t e d  wi th  h i r i n g  and 
keeping q u a l i f i e d  people i n  i s o l a t e d  l o c a t i o n s  would a l s o  be added. 

A l o c a t i o n  a t  t h e  Red Dog Mine would have numerous advantages,  and 
c u r r e n t l y  the  mine's power needs f a r  outweigh those of Kotzebue. The remote 
l o c a t i o n ,  however, would have many of t he  same problems t h a t  a  mine-mouth 
p l an t  would face .  I t  is a l s o  un l ike ly  t h a t  c o a l  from Chicago Creek would be 
used f o r  t h i s  op t ion .  The somewhat higher  q u a l i t y  c o a l  from the  Cape 
Beaufort  a r e a  would be considerably c l o s e r ,  y e t  even the  Beaufort  c o a l  may 
not be competi t ive wi th  c o a l  from Canada o r  o t h e r  fo re ign  sources  t h a t  i s  
brought i n  on the  backhaul from the  mine's concent ra te  shipments. 



A power p l a n t  i n  Kotzebue w i l l  have t h e  advantages  of b e i n g  c o n s t r u c t e d  
and o p e r a t e d  n e a r  a  developed community w i t h  an  a l r e a d y  o p e r a t i n g ,  s u c c e s s f u l  
e l e c t r i c  u t i l i t y .  P l a n t  c o n s t r u c t i o n  and o p e r a t i o n  and t h e  u s e  of t h e  c o a l  
a s  a l o c a l  energy r e s o u r c e  would f i n a n c i a l l y  b e n e f i t  t h e  r e g i o n .  For t h i s  
s tudy ,  t h e r e f o r e ,  on ly  a  Kotzebue p l a n t  l o c a t i o n  is cons idered .  

Choice of a  s p e c i f i c  s i t e  i n  t h e  Kotzebue a r e a  r e q u i r e s  a d e t a i l e d  
study---with community involven~ent---to c o n s i d e r  t h e  p o t e n t i a l  impacts  t h a t  
r e l a t e  t o  c o a l  u s e ,  p o s s i b l e  waste-heat  u s e s ,  employment o p p o r t u n i t i e s  and 
otl-ier monetary impac t s ,  and many o t h e r  env i ronmenta l  and socio--economic 
f a c t o r s .  Our p r e l i m i n a r y  c h o i c e  i s  a  l o c a t i o n  about  1 m i  s o u t h  of t h e  
a i r p o r t  n e a r  t h e  c u r r e n t  was te -d i sposa l  a r e a .  

P l a n t  Requirements 

The power p l a n t  must be s i z e d  t o  meet t h e  peak l o a d s  o f  i t s  s e r v i c e  
a r e a .  Today's  peak requirement  i n  Kotzebue i s  4,000 kW ( I n t e r n a t i o n a l  
Engineer ing  Company, 1985). Generatir ig u n i t  s i z e s  now used i n  t h e  Kotzebue 
d i e s e l - e l e c t r i c  p l a n t  va ry  from 500 kW t o  about  2,000 kW. T h i s  a l l o w s  an  
e f f i c i e n t  o p e r a t i o n  of u n i t s  t o  match t h e  v a r y i n g  e l e c t r i c a l  l o a d s  o f  t h e  
community. Addi t ion  of c o a l - f i r e d  f a c i l i t i e s  t o  t h e  sys tem w i l l  r e q u i r e  u n i t  
s i z e s  t h a t  can hand le  peak l o a d s  of 20,000 kW, which could  be expec ted  i n  
Kotzebue w i t h i n  t h e  30-yr s t u d y  p e r i o d .  

Although most of t h i s  d i s c u s s i o n  i s  based on a  newly manufactured b o i l e r  
and p l a n t ,  r e b u i l t  p l a n t s  appear  t o  be a  v i a b l e  a l t e r n a t i v e .  Remanufacturing 
e n t e r p r i s e s  can p r o v i d e  a  wider  range  of u n i t  s i z e s  a t  p r i c e s  s u b s t a n t i a l l y  
l e s s  t h a n  t h o s e  f o r  new equipment. Numerous f a c t o r s  a r e  invo lved  w i t h  r e -  
manufactured u n i t s  t h a t  a f f e c t  c a p i t a l  and opera t i r lg  c o s t s  and t h e  l o c a l  
economy : 

1. Ren~anufactured u n i t s  can reduce i n i t i a l  p l a n t  c o s t  by 50 p e r c e n t .  

2 .  C a r e f u l  a n a l y s i s  must be  niade t o  compare r e l a t i v e  e f f i c i e n c i e s  of new 
v s .  remanufactured u n i t s .  A 20-percent l o s s  i n  e f f i c i e n c y  can a b s o r b  
a l l  t h e  g a i n  of a  l e s s e r  inves tment .  

3.  Because of t h e i r  s l i g h t l y  lower e f f i c i e n c y ,  remanufactured p l a n t s  
w i l l  r e q u i r e  somewhat g r e a t e r  amounts o f  f u e l .  T h i s  i n  t u r n  w i l l  
r e q u i r e  more p r o d u c t i o n  a t  t h e  mine and,  t h e r e f o r e ,  more l a b o r  and 
w i l l  e f f e c t i v e l y  reduce  t h e  c o s t  on a  per- ton b a s i s .  

Another power-plant o p t i o n  t h a t  shou ld  be  cons idered  is  t h e  u s e  of 
f lu id ized-bed  combustion. Smal l  f l u i d i z e d - b e d  p l a n t s  a r e  current] -y  be ing  
used i n  i n d u s t r i a l  a p p l i c a t i o n s  i n  many p a r t s  of t h e  wor ld ,  and t h e  
technology i s  r a p i d l y  developing.  Addi t ional .  i n f o r m a t i o n  on f l u i d i z e d - b e d  
combustion i s  a v a i l a b l e  i n  R e t h e r f o r d  and o t h e r s  (1986). 

Equipment Requirements 

The fo l lowing  d i s c u s s i o n  i s  based on t h e  c o n s t r u c t i o n  of a  newly manu- 
f a c t u r e d  p l a n t .  The p l a n t  w i l l  be s i z e d  t o  o u t p u t  10,000 kW of e l e c t r i c  



capacity from a condensing unit with provision for extracting steam at 
10 psig for heating feed water. Total throttle flow to the turbine will be 
from 140,000 to 160,000 lb/hr of 650-psig/750°F steam. To handle soot 
blowing, blow down, and miscellaneous radiation and leakage losses, the 
boiler selected will have a steam capacity of about 180,000 lb/hr with a 
standby capacity of 180,000 Ib/hr. 

The type of firing best suited to the characteristics of Chicago Creek 
coal will probably be one wit11 a chain-grate stoker, provided it can be 
uniformly loaded with fuel across its entire width. By varying the speed and 
height of the bed and the flow of combustion air, the heat release from the 
grate could follow load requirements. A major advantage of this type of 
firing is its automatic and continuous discharge of ash off the end of the 
chain and its ability to handle clinker formation. 

Another possible form of firing would be pile burning in four fuel cells 
arranged two by two. The cells could closely control the flow of undergrate 
and overfire combustion air. Although ash removal would be manual, the 
ability to shut down one cell at a time for cleaning without disturbing the 
other cells would permit ash removal with little or no change in steam 
pressure or release of pollutants to the atmosphere. This combustion method 
would be limited to fuels with less than 50 percent moisture and an ash and 
dirt content of less than 3 percent. 

Environmental Considerations 

Environmental standards that must be met by this power plant should be 
established by appropriate regulatory authority and the local community. 
Such standards have not been set for this potential development. The 
following comments are based on what are believed to be reasonable 
assumptions: 

For this study, an air quality standard of 0.10 grains per standard dry 
cubic foot of gas (corrected to 12-percent carbon,dioxide) for 
particulates and 30-percent opacity is used. This standard can be met 
by the requirements listed in preceding paragraphs if the coal-moisture 
content does not exceed 30 percent. For higher moisture contents, 
options would include the installation of coal-drying equipment, a dry 
charged-bed scrubber, or a bag house. Wet scrubbers are not considered 
feasible because of waste-discharge problems. 

Preliminary Construction-cost Estimate 

The construction-cost estimates listed in table G are approximate and 
must be revised to suit design criteria as they become better identified. 
The final estimated construction cost includes the power plant, its stepup 
substation, and covered storage for the coal stock.pile. To compare the cost 
of energy at an increased-use rate, estimated costs for addition of a second 
unit to the plant are also included in the table. 



ELECTRICAL TRANSMISSION 

E l e c t r i c a l - t r a n s m i s s i o ~ ~  lines are used to transmit electrical energy 
from one point to another by means of wires. These wires are supported above 
the ground at safe heights. Experience with construction and operation of 
such lines in Alaska provides the background for the estimates and comments 
that follow. 

The following section begins with a discussion of the basic information, 
assumptions, and costs involved in the economic analysis of transmitting 
power in northwest Alaska. Using this information, a comparison can be made 
between barging coal to Kotzebue from Chicago Creek vs. the transmission of 
energy to Kotzebue from a mine-mouth power plant. On the basis of this 
comparison and other reasoning, we select Kotzebue as the most probable 
power-plant 1.ocation. However, we included a serjes of examples of trans- 
mitting energy from a plant based at Chicago Creek to various combinations of 
towns and villages to show how the cost of delivering energy is affected by a 
central power facility that feeds an expanding net of users. 

Economic Factors 

The annual cost of operating and paying for a transmission line is 
expected to be added to the price of the electricity that it transfers from 
one point to another. For a preliminary estimate, the following cost 
estimates and assumptions are stated here and used in later calculations: 

Transmission-line investment costs: .. Gravity-stabilized 3-phase, 138 kV (per mi). $ 100,000 
...... Submarine-cable 3-phase, 138 kV (per mi) 1,500,000 

... Gravity-stabilized 1-phase, 80 kV (per mi). 67,000 
........ Substations, 3-phase, 138 kV (per kVA) 100 
........ Substations, 1-phase, 80 kV (per kVA) 200 

Assumptions of annualized operation costs as a percentage of investment 
sre itemized below: 

Nonprofit cooperative operating utility (1985 dollars with 
electrical needs estimated for 1990 amortization of invest- 
ment; 30 yr @ 9-percent interest) ........................... 9.65% 
Insurance and irterim replacements .......................... 0.40% 

...... Reserve for contingencies (20 percent of amortization) 1.95% 
Operation and maintenance ............................. 2.00% 

14.00% 

An additior~al important factor that enters into the foll.owing calcula- 
tions is the coal to electricity ratio (6,500 Btullb: 13,652 BtuIkWh), which 
yields 2.1 lbs of Chicago Creek conl/kWh. 

Figure 6 shows the locatior~ of many northwest Alaska villages and towns 
and possib1.e e lec t r ica l - t ransmi . ss ion  routes and iriterties. Table 1 shows the 
current and future energy needs of spec-i.f ic villages. 



Table 8 . Construction-cost estimates (1985 basts) of a 10-MW power plant 
located in Kotzebue . 

Description 

Land and land rights ............................... 
Roads .............................................. ......................... Site and yard improvements 

Intake and structures 
Piling and concrete structures .................. 

............. Traveling screen. pumps. and piping 

Structural 
Foundation and substructure ..................... 
Building and structural steel ................... 

................ Concrete and miscellaneous metal 
............................ Covered coal storage 

Mechanical 
Turbine-generator ............................... 
Steam generator (boiler) and auxiliaries ........ ................. Machinery. pumps. and equipment 
Instruments and controls ........................ ...................... Mechanical work and piping 
Coal and ash handling ........................... .......... Circulating-water and plumbing systems 
Water treatment ................................. 
Precipitator 

Electrical 
Switchgear and control .......................... 
Wire. cable. conduit. and motor control center .. 
Lighting and distributj.nn ....................... 
Substa.tion (step up) ............................ 

Subtotal direct cost 

Engineering ........................................ 
Contingencies ...................................... 
Interest during construction ....................... 
Construction managexent ............................ 
Freight and miscellaneous .......................... 

Total construction cost/kW 

Cost 
First unit Second unit 

3. GOO. 000 
500. 000 
750. 000 
3CO. 000 

1 0 0 0  .OOCi. 



Coal Transport vs. Transmission Lines for Kotzebue's Needs 

If construction and operation costs of a coal-fired power plant are 
assumed to be the same whether located i.n Kotzebue or Chicago Creek, the 
remaining consideration is whether electricity for Kotzebue could be 
delivered at less cost by transmission line or by barging an amount of coal 
necessary to produce an equivaleat amount of electricity. 

IJsing the economic factors of the preceding section, electrical-trans- 
mission costs can be compared with the cost of barging coal. Table 7 shows 
that coal may be barged to Kotzebue for $22/short ton for a 50,000-short-ton 
mining-production rate; cost decreases to $14/short ton for a 150,000-short- 
ton production rate. 

For comparison, these estimates are extended to include a 24,000-short 
ton/yr case that approximates Kotzebue's near-term energy needs for 1990, the 
beginning of our study period. At 24,000 short tons, $36/short ton is 
estimated for the transportation cost. The following calculations use these 
barging costs in comparison to the cost of constructing a transmission line 
and annualizing the investment of such a project. (Refer to the cost 
estimates for a transmission line in the preceeding section on economic 
factors.) 

Cost of coal delivered by barge and electricity generated in Kotzebue. 

Coal transport cost: ($36/ton)(24,000 short tons) = $864,000 
Energy delivered annually: 

24,000 short tons coal or equivalent of 23,000,000 kWh 

Unit cost: $864,000 - $0.038/kWh 
23,000,000 kWh - 

Cost of electricity delivered by wire. 

Investments: 
122 mi transmission line @ $100,00O/mi = $12,200,000 
(2 substations @ 10,000 kVA each) ($100/kVA) = $ 2,000,000 

Total investment ........................... $14,200,000 
Annualized cost: ($14,200,000)(14%) = $ 1,988,000 
Energy delivered annually: 

24,000 short tons coal or equivalent of 23,000,000 kwh 
Unit cost: $ 1,988,000 = $0.086/kWh 

23,000,000 kwh - 

Using 48,000,000 kWh or 50,000 short tons of coal equivalent, unit costs 
would be as follows: 

Unit cost by wire = 
$1,988,000 - $0.04l/kWh - 

48,000,000~iWh - 

Unit cost by barge = 
(50,000 short tons)($22/short ton) = -  $0.023/kWh 

48,G00,000 kWh 



Table 2. Averages of proximate ana lyses  of Chicago Creek and o t h e r  Alaska c o a l s .  

V o l a t i l e  Fixed Heat ing 
Moisture m a t t e r  carbon Ash va lue  

Source (XI (XI - ( X I  (B tu l lb )  

Chicago Creek, a s  rece ived  38.64 29.27 27.54 8.55 6,400 
Chicago Creek, equ i l i b r ium 28.83 30.95 32.43 7.78 7,708 

bed moisture  
Cape Beaufort  ( A r c t i c  Slope 4.2-6.0 - - - - 8.0-26.6 9,117-12,287 

Consul t ing Engineers ,  1984) 
Chuitna River ,  Beluga F i e l d  - - - - - - 7.3-18.2 6,782-8,216 

(Ramsey, 1980) 
U s i b e l l i  Mine, Healy F i e l d  2 7 - - - - 6 8,000 

(Denton, 1980) 
Bering River F i e ld  1.0-8.6 13.1-17.4 65.0-91.1 2.1-18.0 11,000-15,000 

(Barnes,  1967) 

T o t a l  
s u l f u r  

(Z> 



Compared t o  most Alaska c o a l s ,  Chicago Creek l i g n i t e  i s  low i n  h e a t i n g  
v a l u e .  The a n a l y t i c a l  r e s u l t s  f o r  m o i s t u r e  c o n t e n t  were h i g h  p robab ly  p a r t l y  
due t o  m e l t i n g  of  c o n t a i n e d  i c e  i n  f r a c t u r e s  and l e n s e s  a f t e r  t h e  samples  
were bagged. Such i c e  would t end  t o  mel t  and d r a i n  o f f  i n  a s t o c k p i l e .  
Th i s  p r o c e s s  a l s o  o c c u r s  a t  t h e  U s i b e l l i  c o a l  o p e r a t i o n .  The a s h  c o n t e n t  f o r  
t h e  Chicago Creek c o a l  i s  abou t  ave rage  f o r  Alaska c o a l s .  The s u l f u r  c o n t e n t  
i s  somewhat h i g h  f o r  Alaska c o a l ,  b u t  low t o  average  f o r  c o a l s  worldwide. 

MIRL a l s o  performed a s h - f u s i b i l i t y  and w a s h a b i l i t y  t e s t s  on c o r e  from 
t h e  1982 D e n a l i  d r i l l i n g  program. The f u s i b i l i t y  t e s t s  i n d i c a t e  t h a t  t h e  
c o a l  can be used w i t h o u t  s i g n i f i c a n t  problems i n  any type  of  f i r i n g  sys tem;  
t h e  w a s h a b i l i t y  t e s t s  i n d i c a t e  t h a t  washing w i l l  no t  s i g n i f i c a n t l y  reduce t h e  
a s h  c o n t e n t  of  t h e  coal.. 

Resource Es t in ia t ion  

According t o  c u r r e n t l y  used d e f i n i t i o n s ,  t h e  Chicago Creek c o a l  i s  
p r o p e r l y  c l a s s e d  a s  a  demonstra ted  r e s o u r c e ,  which i m p l i e s  a  r e a s o n a b l e  l e v e l  
of g e o l o g i c  conf idence  i n  t h e  q u a n t i t y  p r e s e n t .  Demonstrated r e s o u r c e s  a r e  
d i v i d e d  i n t o  measured (h igh-assurance  l e v e l )  and i n d i c a t e d  (moderate- 
a s s u r a n c e  l e v e l )  c l a s s e s .  The r e l a t i v e  d e n s i t y  o f  d r i l l  h o l e s  and sample 
a n a l y s e s  from t h e  s o u t h e r n  p a r t  of t h e  Chicago Creek d e p o s i t  j u s t i f y  t h e  
c l a s s i f i c a t i o r i  o f  t h e  c o a l  i n  segments I ,  11, and I11 ( f i g .  3a )  a s  measured 
demonstra ted  r e s o u r c e s .  A d d i t i o n a l  c o a l  r e s o u r c e s  t o  t h e  n o r t h  t h a t  were 
i n t e r c e p t e d  by wide ly  spaced d r i l l  h o l e s  i n  e a r l i e r  programs (Ramsey and 
o t h e r s ,  1983) shou ld  p robab ly  o n l y  be  c o n s i d e r e d  a s  i n d i c a t e d .  

On t h e  b a s i s  of d r i l l  d a t a  g a t h e r e d  d u r i n g  and p r e v i o u s  t o  t h e  1985 
f i e l d  s e a s o n ,  t h e  Chicago Creek a r e a  c o n t a i n s  a  t o t a l  demonstra ted  r e s o u r c e  
of  a t  l e a s t  4 . 7  m i l l i o n  s h o r t  t o n s  of  c o a l  w i t h i n  300 f t  o f  t h e  s u r f a c e  
( t a b l e  3 ) .  T h i s  f i g u r e  i s  a l i t t l e  o v e r  1  m i l l i o n  s h o r t  t o n s  l a r g e r  than  t h e  
p r e v i o u s  e s t i m a t e  of Chicago Creek c o a l  r e s o u r c e s  (Ramsey and o t h e r s ,  1983),  
a r e f l e c t i o n  of  t h e  1985 d i s c o v e r y  of  t h i c k e r  and more c o n t i n u o u s  c o a l  beds  
i n  segments I and I1 ( f i g .  3 a ) .  The measured demonstra ted  c o a l  r e s o u r c e  
w i t h i n  segments I ,  11, and 111 i s  ebou t  2.5 m i l l i o n  s h o r t  t o n s  and w i l l  
p robably  be t h e  i n i t i a l  t a r g e t  of any f u t u r e  mining p l a n .  

A magnetometer su rvey  conducted n o r t h  of t h e  d r i l l e d  a r e a  i n  t h e  f a l l  of 
1984 s u g g e s t s  t h a t  t h e  c o a l  b a s i n  e x t e n d s  f o r  a t  l e a s t  a n  a d d i t i o n a l  m i l e  
p a s t  t h e  l i s t  d r i l l  h o l e s .  I f  a n  a v e r a g e  bed t h i c k n e s s  of 20 f t  is  assumed, 
t h e  a d d i t i o n a l  m i l e  of  s t r i k e  may c o n t a i n  1 . 7  m i l - l i o n  s h o r t  t o n s  of c o a l .  
The d i s t r i c t  p robab ly  c o n t a i n s  s t i l l  more c o a l  a l o n g  s t r i k e  t o  t h e  n o r t h  arid 
sou th .  A d d i t i o n a l ,  und i scovered ,  p a r a l l e l  c o a l  b a s i n s  may a l s o  e x i s t  t o  t h e  
e a s t  and wes t .  

M I N I N G  PLAN 

Although o t h e r  mining methods were c o n s i d e r e d ,  environmental  1 y  accept- -  
a b l e ,  motlcrn opc~ i -p i  t mlninp, 3s probab ly  by f a r  t h e  most cconomic ,~ l .  Th i s  i s  
e s p e c i a l l y  t r u e  w i t l ~ i n  t h e  t h i c k e r  sec t ionr ;  of  t h e  seam where s t r i p p i n g  
r a t i o s  a r e  l e s s  than  2 :  1. l'he f o l l o w i ~ ~ g  d i s c u s s i o n  i s  based on an open-pi t  



Compare t h i s  c o s t  w i t h  a  c o a l - f i r e d  power p l a n t  l o c a t e d  i n  Kotzebue and 
energy t r a n s m i t t e d  t o  t h e  Red Dog Mine by wl rc .  Assuming barge  t r a n s p o r t a -  
t i o n  of c o a l  t o  Kotzebue, t h e  fo l lowing  u n i t  c o s t s  develop:  

Uni t  c o s t :  139,000 s h o r t  t o n s  G $14/shor t  t o n  ( s e e  t a b l e  7 )  = 

$1,946,000 f r e i g h t  

I n  t h i s  c a s e ,  t h e  c o s t  of d e l i v e r i n g  energy by w i r e  is  v e r y  c l o s e  t o  t h e  
c o s t  of d e l i v e r i n g  energy by w i r e  and barge  t r a n s p o r t .  The comparison 
demons t ra tes  t h a t  a s  t h e  l o a d  i n c r e a s e s ,  t r ansmiss io t l  c o s t s  p e r  k i lowat t -hour  
d e c r e a s e .  The pr imary r e a s o n  t h a t  t r a n s m i s s i o n  c o s t s  approach t h e  c o s t s  of 
c o a l  b a r g i n g  i s  t h a t ,  a l though  a r e l a t i v e l y  l a r g e r  q u a n t i t y  of energy is  
i n v o l v e d ,  t h e  c o s t  of t r a n s m i t t i n g  t h e  energy does  n o t  i n c r e a s e  a p p r e c i a b l y ,  
whereas  s h i p p i n g  c o s t s  do i n c r e a s e  as a l a r g e r  tonnage of coa l  i s  moved. 
These s imple  c a l c u l a t i o n s  d i s r e g a r d  a few minor f a c t o r s ,  such a s  energy 
l o s s e s  i n  t h e  t r a n s m i s s i o n  system. 

A d d i t i o n a l  e f f e c t s  of added I.oatls through v a r i o u s  t r a n s m i s s i o n  n e t s  
---.. .- 

Using t h e  p reced ing  methods f o r  e s t i m a t i n g  c o s t s  and a g a i n  assuming a  
mine-mouth p l a n t  l o c a t e d  n e a r  Chicago Creek, a d d i t i o n a l  s imple  approximat ions  
f o r  average  t r a n s m i s s i o n  c o s t s  and c o a l  r equ i rements  t o  i n c l u d e  o t h e r  
i n t e r t i e s  can be made: 

Chicago Creek - Kotzebue - Red Dog Mine (CC-K-KD) i n t e r t i e d  w i t h  Nome 
and t h e  v i l l a g e s  of T e l l e r ,  Deer ing,  Buckland, Noorvik, Selawik,  Kiana,  
and Noatak: 

Averaged u n i t  c o s t  = $0.043/kWh 

Coal requirement  = 192,000 s h o r t  t o n s  

CC-K-RD i n t e r t i e d  w i t h  t h e  v i l l a g e s  of Deer ing,  Buckland, Noorvik, 
Selawik,  Kiana,  and Noatak only:  

Averaged u n i t  c o s t  = $0.035/kWh 

Coal requirement  = 152,000 s h o r t  t o n s  

Chicago Creek - Kotzebue (CC-K) i n t e r t i e d  w i t h  t h e  v i l l a g e s  of Deer ing,  
Buckland, Noorvik,  Selawik,  end Kiana on ly :  

Averaged u n i t  c o s t  = $0.08l/kWh 

Coal requirement  = 36,000 s h o r t  t o n s  

The l a s t  example u s e s  t h e  same v i l l a g e s  a s  i n  t h e  immediately p receed ing  
example excep t  t h a t  t r a n s m i s s i o n  c o s t s  and c o a l  r equ i rements  a r e  c n l -  
c u l a t e d  assuming t h a t  Kotzebue pays a l l  c h a r g e s  r e l a t e d  t o  t h e  f ransmis -  



s i o n  l i n e  between Chicago Creek and Kotzebue. The v i l l a g e s ,  t h e n ,  s h a r e  
o n l y  t h e  c o s t s  r e l a t e d  t o  t h e  l i n e s  connec t ing  t h e  v i l l a g e s  t o  t h e  main 
Chicago Creek-Kotzebue i n t e r t i e :  

Kotzebue u n i t  c o s t s  = $0.064/kWh 

Coal requirement  = 30,000 s h o r t  t o n s  

V i l l a g e  u n i t  c o s t s  = $0.179/kWh 

Coal requirement  = 6,000 s h o r t  t o n s  

Conclusions  on E l e c t r i c a l  Transmiss ion 

1. C l e a r l y ,  t r ansmj  t t i n g  e l e c t r j c i t y  f o r  Kotzebue by w i r e  from Chicago 
Creek i s  much more expensive  t h a n  t r a n s p o r t i n g  t h e  c o a l  n e c e s s a r y  t o  
g e n e r a t e  t h e  same amourit o f  e l e c t r i c i t y  i n  Kotzebue. 

2 .  The c o s t s  of t r a n s m i t t i n g  energy by w i r e  approach an economical ly  
f a v o r a b l e  l eve l .  when i n c r e a s e d  l o a d s ,  such a s  t h e  Red Dog Mine, a r e  
cons idered .  

3 .  A t r a n s m i s s i o n  l i n e  from Chicago Creek t o  Kotzebue would a l l o w  t h e  
v i l l a g e s  a l o n g  t h e  way t o  be i n t e r t i e d  a t  an  o v e r a l l  c o s t  t h a t ,  a l though  
re1a t ive l .y  h i g h ,  would probably  s t i l l  be l e s s  t h a n  t h e  power-cost- 
e q u a l i - z a t i o n  subs idy  now provided by t h e  S t a t e  of Alaska.  

ESTIMATED COST OF EI.ECTRICITY 

The c o a l - f i r e d  power p l a n t  d i s c u s s e d  e a r l i e r  i s  a  s i n g l e  u n i t ,  
10,000 kW, modern s team-turbine  g e n e r a t i n g  s t a t i o n  des igned  t o  o p e r a t e  i n  
c o n d i t i o n s  of t h e  Alaska a r c t i c  a t  Kotzebue. 

A p l a n t  l o c a t i o n  n e a r  t h e  Kotzebue l o a d  c e n t e r  and e l e c t r i c a l - p o w e r  
g e n e r a t i o n  p l a n t  p rov ide  t h e  b e s t  o p p o r t u n i t y  t o  c o o r d i n a t e  w i t h  e x i s t i n g  
f a c i l i t i e s  and reduce r i s k s  from any c a t a s t r o p h i c  e v e n t .  The proposed power 
system i s  assumed t o  be  o p e r a t e d  by t h e  e x i s t i n g  u t i l i t y  o r g a n i z a t i o n .  
Table  9  p rov ides  a  p r e l i m i n a r y  e s t i m a t e  of c o s t s  t h a t  would a c c r u e  t o  t h e  
c o a l - f i r e d  power p l a n t  under t h e  a l t e r n a t i v e s  summarized above. Table  10 
p r o v i d e s  c u r r e n t  c o s t s  f o r  a d i e s e l  p l a n t  a t  Kotzebue. 

RECOMMENDATIONS 

The p r o j e c t e d  d e l i v e r e d  c o s t  of power t o  Kotzebue and t h e  su r rounding  
a r e a  u s i n g  c o a l  i s  s u f f i c i e n t l y  a t t r a c t i v e  t h a t  a  more d e f i n i t i v e  f e a s i b i l i t y  
s t u d y  i s  j u s t i f i e d .  Three s t u d i e s  t h a t  may expose a  f a t a l  f l a w  i n  t h e  concept  
of t h e  proposed p r o j e c t  could be  done wi thou t  a d d i t i o n a l  f i e l d  work: 

I .  Coniparativc economic s t u d i e s  w i t 1 1  o t h e r  c o a l s  from Alaska a n d  o t h e r  
a r e a s .  

2 .  A review of l e v e r a g e d ,  tax-dr iven p r i v a t e  f i n a n c i n g ,  and low- 
i - n t e r e s t  f i n a n c i n g  o p t i o n s  a v a i l a b l e  t o  government e n t i t i e s .  



Table 9. Projected energy c o s t s  i o r  coal-f  i r ed  power p l an t s  (1990-95). 

P lant  da t a  ( a l t e r n a t i v e )  

U n i t n o . / s i z e k w a  
New (N)  08 r e b u i l t  ( R )  
Cost e s t .  ( $  x 1.1') 
Net MWh de l ivered  
Heat r a t e  ( ~ t u / k ~ h ) e f  
Heat value (lb/kWh) 
Coal consumed 

( sho r t  ton)g  

Kotzebue only Kotzebue and Red Dog 

Annual c o s t s  ( $  x l o 3 )  

Amortization h 2 , 7 3 1 ~  941x 5 , 2 9 5 ~  2,729 
1 , 8 2 3 ~  6 28y 3 , 5 3 3 ~  1,821 

Product ion expensei 
~ a y r o l l ~  k 990 900 1,500 1,575 
Fixed expense 40 40 80 120 
Variable expense 2 0 2 0 5 8 58 

Fuel cos t  ($/shorh ton)m 96 96 4 2 42 
Fuel cos t  ( t o t a l )  4,838 5,299 6,130 6,714 

Total  annual cos t0  

Net e l e c t r i c i t y  cos t  

Net MWh del ivered  d 48,000 48,000 139,000 139,000 
c o s t  per  kwh ($ lP  0 . 1 7 9 ~  0 . 1 5 0 ~  0 . 0 9 4 ~  0.080 

0 . 1 6 1 ~  0 . 1 4 3 ~  0 . 0 8 1 ~  0.074 

ba~umber of u n i t s  i n  p l an t ;  u n i t  s i z e  i n  kW. 
New (N) o r  remanufactured (R) un i t s .  

%timated cos t s :  New u n i t  c o s t s  from t a b l e  8 of t h i s  r epo r t .  Remanufactured 
u n i t  c o s t s  based on $1,30O/kW e s t i n a t e  supplied by Er i c  Haemer i n  l e t t e r  
dated December 1, 1985 (Retherford and o the r s ,  1986, app. E) .  For a l t e r n a -  
t i v e  D ,  p r i ce  f o r  second and t h i r d  u n i t s  taken a s  95 percent  of $1,30O/kW f o r  
s i n g l e  u n i t .  

d ~ o r  a l t e r n a t i v e s  A and C,  p ro jec ted  demand a t  average h i s t o r i c  growth r a t e  
f o r  year 1995 was used. l 'his  energv requirement w i l l  r equ i r e  about 50,000 
tons of coa l  annu;~lly. 

e ~ e a t  r a t e s  f o r  a l t e r n a t i v e s  A and R a r e  developed from assumption t h a t  a 
25-percent-eff icient  coa l - f i r ed  power p l an t  i s  reasonable fo r  modern 
machinery i n  Kotzebue. Heat r a t e s  f o r  remanufactured u n i t s  a r e  increased by 

f10 percent  t o  account f o r  o lde r  equipment c h a r a c t e r i s t i c s .  
Neat values of t he  coal  may be ca lcula ted  using t h e  conservative hea t  content  
value of 6,500 Btu/lb and t h e  r e s p e c t i v ~  hea t  r a t e s  f o r  a l t e r n a t i v e  p lant  rlc- 
s igns .  Example: In  a l t e r n a t i v e s  A and C, hea t  r a t e s  r equ i r c  t h a t  13,652 
Rtu ' s  a r e  required f o r  each kWh of energy generated. Heat value i s  c a l -  
cu la ted  by d iv id ing  the  hea t  r a t e  by the  hea t  content  o r  13,652/6,500 = 
2.1 lb/kWh. 

g ~ e t h o d  of computation: (net  MWh del ivered)  (1,000 u n i t s ? )  (2.1. u n i t s )  
2.000 u n i t s  

" ~ a s e d  on 9-percent i n t e r e s t  f o r  30-yr paid back i n  monthly i n s t a l l -  
ments f o r  option x. Option y assumes t h a t  5-percent i n t e r e s t  f o r  s i m i l a r  
period i s  ava i l ab l e .  Respective annual f a c t o r s  a r e  9.65 percent  and 6.44 

ipercent. 
Operating and maintenance c o s t s  est imated f o r  coa l - f i r ed  power p l a n t s  i n  
a r c t i c .  

j ~ a l u e  of man-hr required f o r  p l an t  opera t ion  and mafntenance. 
3 i s c e l l a n e o u s  f ixed  annual expenses. 

Miscellaneous v a r i a b l e  annual expenses, such a s  suppl ies .  
m ~ a k e n  from t ab l e  7 of t h i s  repor t .  
"Method of computation: ( f u e l  c o s t )  (coal consumed). 
'sum of amortizat ion + ~ a v r o l l  + f ixed exDenses + t o t a l  fue l  c o s t .  . - 
P ~ e t h o d  of computation: t o t a l  annual c o s t  

n e t  MWh del ivered  



Table  10. C u r r e n t  c o s t s  f o r  a d i e s e l  p l a n t  a t  Kotzebue. 

P l a n t  d a t a  

a  Uni t  no . / ave rage  g i z e  (kW) 
Net MWh d e l i v e r e d  
Average n e t  h e a t  r-tr ( l J t u l k ~ h ) ~  
b i e s e l  f u e l  (1 ,000 g a l )  

Annual c o s t s  ( $  x l o 3 )  

e  
D e p r e c i a t i o n  and i n t e r e s t  
Opera to r  c o s t  ( n o t  i n c l u d i n g  f u e l )  

f 

Piaintenan e  c o s t  fi 
g 

Fue l  c o s t  

i 
T o t a l  a n n u a l  c o s t  

Net e l e c t r i c i t y  c o s t  

Net Mk;h d e l i v e r e d  b  

Average c o s t  p e r  kwh j 

a I n  1984, Kotzebue E l e c t r i c  A s s o c i a t i o n  (KEA) d i e s e l  p l a n t  i n c l u d e d  two 
500-kW, one 1025-kW, one 1000-kW, and one 1800-kW d i e s e l - e l e c t r i c  u n i t s ,  
p l u s  two 900-klZ d i e s e l - f i r e d  g a s - t u r b i n e - e l e c t r i c  u n i t s .  

b ~ c t u a l  energy d e l i v e r e d  t o  KEA e l e c t r i c - d i s t r i b u t i o n  sys tem i n  1984. 
C 

C a l c u l a t e d  f r o n ~  average  Btu c o n t e n t  of g a l l o n  of  d i e s e l  f u e l  (135,295. 
B tu ) ,  number of gal l .ons  consumed (1 ,118,000 g a l ) ,  and n e t  kwh d e l i v e r e d  - 
(14,246,800) : (135,295 Btu) ( I ,  118,000 g a l )  

rl (14,246,800 kWh) 
U 

From KEA r e c o r d s ;  f u e l  consumed d u r i n g  1984. 
c 

From KEA r e c o r d s  f o r  1984; can  be compared w i t h  a m o r t i z a t i o n  c o s t s  of 
, t a b l e  22,  o p t i o n  b y  i n  R e t h e r f o r d  and o t h e r s ,  1986. 
L ~ r o m  KEA r e c o r d s ;  i n c l u d e s  o p e r a t i n g  l a b o r ,  i n s u r a n c e ,  t a x e s ,  and 
- m i s c e l l a n e o u s  c o s t s .  
' ~ r o m  KEA r e c o r d s ;  i n c l u d e s  a l l  maintenance c o s t s .  
y ~ r o m  KEA r e c o r d s ;  shows a v e r a g e  c o s t  of  abou t  $ l . l 3 / g a l .  
-I 

Sum of d e p r e c i a t i o n  and i n t e r e s t ,  and o p e r a t o r ,  maintenance,  and f u e l  c o s t s .  
j ~ o t a l  a n n u a l  c o s t  

Net MWh d e l i v e r e d  

3 .  Once t h e  above s t u d i e s  a r e  completed,  a  regional-power  s t u d y  of 
nor thwes t  Alaska t o  weigh t h e  b e n e f i t s  o f  s i t i n g  a g e n e r a t i o n  
f a c i l i t y  i n  Kotzebue a s  opposed t o  o t h e r  a r e a s  and t o  c o n s i d e r  
v a r i o u s  t r a n s m i s s i o n - i n t e r t i e  o p t i o n s  and t h e i r  b e n e f i t s  i n  more 
d e t a i l  shou ld  be contluc t e d .  

When t h e s e  s t u d i e s  have p r o g r e s s e d  f a r  enough t o  j u s t i f y  a d d i t i o n a l  
work, a thorough o n - s i t e  g e o t e c h n i c a l  s t u d y ,  mining of  a  b u l k  sample t o  h e l p  
r e s o l v e  equ i l ib r ium-mois tu re  q u e s t i o n s  and a l l o w  a b e t t e r  d e t e r m i n a t i o n  of 



coal-burning c h a r a c t e r i s t i c s ,  and an  a i r - q u a l i t y  su rvey  i n  Kotzebue should be 
conducted.  

Ear ly  i n  t h i s  i n v e s t i g a t i o n ,  we op ted  f o r  c o n v e n t i o n a l  steam-boj I  e r  
c o n s t r u c t i o n  u s i n g  new equipment. However, f lu id -bed- reac to r  technology is  
developing r a p i d l y ,  and i m p r o v c m ~ n t s  a r e  be ing  made i n  d e s i g n ,  o p e r a t i o n ,  and 
maintenance of u n i t s .  These technological .  advances ,  coupled w i t h  s u b s t a n t i a l  
s a v i n g s  i f  remanufactured equipment i s  used ,  i n d i c a t e  t h a t  n d e f i n i t i v e  
f e a s i b i l i t y  s t u d y  should c o n s i d e r  f lu id--bed technology and remanufactured 
b o i l e r s .  The cho ice  of c o n v e n t i o n a l  v s .  f lu id-bed b o i l e r  u n i t s  shou ld  be 
made i n  c o n j u n c t i o n  w i t h  o n - s i t e  a i r - q u a l i t y  i n f o r m a t i o n .  

REFERENCES CITEP 

Alaska Power A d m i n i s t r a t i o n ,  1984, Alaska e l e c t r i c  power s t a t i s t i c s  
( 9 t h  e d . ) ,  September 1984: U.S. Department of Energy,  57 p. 

A r c t i c  Slope C o n s u l t i n g  Engineers ,  1984, Western A r c t i c  c o a l  development 
p r o j e c t :  Anchorage, r e p o r t  prepared f o r  t h e  S t a t e  of Alaska Department 
of Community and Regional  A f f a i r s  and Alaska Nat ive  Foundat ion,  c o n t r a c t  
no. 85-108, 2  v . ,  190 p . ,  v a r i o u s  s c a l e s ,  11 s h e e t s .  

A r c t i c  Slope T e c h n i c a l  S e r v i c e s ,  Ralph S t e i a n o  A s s o c i a t e s ,  and Veco, I n c . ,  
1982, Coa l - f i r ed  c o g e n e r a t i o n ,  d i s t r i c t  h e a t i n g  and o t h e r  energy 
a l t e r n a t i v e s  f e a s i b i l i t y  assessment :  Anchorage, r e p o r t  p repared  f o r  t h e  
S t a t e  of Alaska Power A u t h o r i t y ,  v .  1  and 2, 240 p. 

Barnes,  F.F. ,  1967, Coal r e s o u r c e s  of Alaska:  U.S. Geolog ica l  Survey B u l l e t i n  
12L2-By 36 p . ,  s c a l e  1:2,500,000, 1 s h e e t .  

Dames and Moore Consu l t ing  Engineers ,  1981, Assessment o f  t h e  f e a s i b i l i t y  of 
u t i l i z a t i o n  of c o a l  r e s o u r c e s  of n o r t h w e s t e r n  Alaska f o r  space  h e a t i n g  
and e l e c t r i c i t y  - phase 11: Anchorage, r e p o r t  p repared  f o r  t h e  S t a t e  of 
Alaska Power A u t h o r i t y ,  110 p. 

1983, An economic and t e c h n i c a l  assesstnent of t h e  m a r k e t a b i l i t y  of 
w e s t e r n  A r c t i c  Slope c o a l s :  Anchorage, r e p o r t  p repared  f o r  t h e  S t a t e  of 
Alaska D i v i s i o n  of L e g i s l a t i v e  F inance ,  98 p. 

Denton, S.W., 1980, Geology and c o a l  r e s o u r c e s  of t h e  lower L i g n i t e  Creek 
a r e a ,  Jn Rao, P.D., and Wolff ,  E.N., e d s . ,  Focus on A l a s k a ' s  c o a l  '80:  
Alaska Coal Conference,  2nd, Fa i rbanks ,  1980, Proceedings:  U n i v e r s i t y  of 
Alaska Minera l  I n d u s t r i e s  Research Labora to ry  Report  50, p. 138-143. 

Hawley Resource Group, 1985, P r e l i m i n a r y  f e a s i b i l i t y  s t u d y  of a  c o a l  mine a t  
Chicago Creek: Fa i rbanks ,  Alaska D i v i s i o n  of Geolog ica l  and Geophysical  
Surveys Pub l ic -da ta  F i l e  Report  86-57, 67 p. 

I n t e r n a t i o n a l  Engineer ing Company, 1981, Reconnaissance s t u d y  of energy 
requ i rements  and a l t e r n a t i v e s  f o r  Buckland, Chuathbaluk,  Crooked Creek,  
Hughes, Koyukuk, N i k o l a i ,  Ked D e v i l ,  Russian Miss ion ,  Sheldon P o i n t ,  
S lee tmute ,  Stony R i v e r ,  Takotna,  and T e l i d a :  Anchorage, r e p o r t  p repared  
f o r  t h e  S t a t e  of Alaska Power A u t h o r i t y ,  75 p. 

1985, C o n s t r u c t i o n  work p l a n  - 1985-86: Anchorage, r e p o r t  p repared  
f o r  t h e  Kotzebue E l e c t r i c  A s s o c i a t i o n ,  16 p. 

Manning, K .H . ,  and S tevens ,  D . L . ,  1982, The Chicago Creek and Norton Sound 
a r e a  c o a l  e x p l o r a t i o n  programs: Fa i rbanks ,  Alaska D i v i s i o n  of Geolog ica l  
and Geophysical  Surveys Publ ic-data  F i l e  Report  86-58, 103 p . ,  s c a l e  
1:500, 9  s h e e t s .  

M o f f i t ,  F.E!., 1906, Gold mining or, t h e  Seward P e n i n s u l a ,  i n  Minera l  r e s o u r c e s  
of Alaska,  r e p o r t  on p r o g r e s s  o f  i n v e s t i g a t i o n s  i n  1905: U.S. Geological  
Survey B u l l e t i n  284, p. 132-144. 

- 37  - 



P a t t o n ,  W . W . ,  J r . ,  1973, Reconnaissance  geology of t h e  n o r t h e r n  Yukon-Koyukuk 
p r o v i n c e ,  Alaska:  U.S. Geo log ica l  Survey P r o f e s s i o n a l  Paper 774-A, 
p. A1-A17. 

Ramsey, J . P . ,  1980, Geology, c o a l  r e s o u r c e s ,  and mining p l a n  f o r  t h e  Chui tna  
River  F i e l d ,  Alaska,  i n  Rao, P.D., and Wolff ,  E.N., e d s . ,  Focus on 
A l a s k a ' s  Coal ' 80: ~ l z k a  Coal Conference ,  2nd, F a i r b a n k s ,  1980, 
P roceed ings :  U n i v e r s i t y  of  Alaska Minera l  I n d u s t r i e s  Research Labora to ry  
Repor t  50,  p. 111-121. 

Ramsey, J . R . ,  R e t h e r f o r d ,  R.M. ,  Hickok, B . H . ,  and Wil l iams,  J . ,  1983, 
Northwest Alaska c o a l  i n v e s t i g a t i o n :  Fa i rbanks ,  Alaska D i v i s i o n  of  
Geo log ica l  and Geophysical  Surveys  Pub l i c -da ta  F i l e  Repor t  86-55, 81  p. 

R e t h e r f o r d ,  R.M., Hinderman, T . K . ,  and Hawley, C . C . ,  1986, P r e l i m i n a r y  
f e a s i b i l i t y  s t u d y  of a c o a l  mine a t  Chicago Creek,  Alaska:  F a i r b a n k s ,  
Alaska D i v i s i o n  of G e o l o g i c a l  and Geophysical  Surveys  Pub l i c -da ta  F i l e  
Report  86-25, 172 p . ,  s c a l e  1:200. 

R.W. Re the r fo rd  and A s s o c i a t e s ,  1980, Assessment of power g e n e r a t i o n  
a l t e r n a t i v e s  f o r  Kotzebue: Anchorage, r e p o r t  p repared  f o r  t h e  S t a t e  of  
Alaska Power A u t h o r i t y ,  75 p. 

Toenges, A . L . ,  and J o l l e y ,  T.R., 1947, I n v e s t i g a t i o n s  of c o a l  d e p o s i t s  f o r  
l o c a l  u s e  i n  t h e  a r c t i c  r e g i o n s  of Alaska and proposed mine development: 
U.S. Bureau of Mines Repor t  of I n v e s t i g a t i o n s  4150, 19 p. 

Wood, G . H . ,  J r . ,  1981, H i s t o r i c a l  r ev iew of and c u r r e n t  p r o g r e s s  i n  c o a l  
r e s o u r c e  e s t i m a t i o n  i n  t h e  United S t a t e s :  G e o l o g i c a l  S o c i e t y  of America 
B u l - l e t i n ,  v .  92, no. 8 ,  p t .  1 ,  p.  520-528. 


