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ABSTRACT

There are 88 a c t i v e volcanoes i n the
A l e u t i a n Chain which conta in an extens ive geothermal
resource. Geothermal resource i n v e s t i g a t i o n s have
been conducted f o r the two years on Unalaska
Is land .
been Maskushin Volcano and Bay, 12 km and
3 km r e s p e c t i v e l y from the town o f Unalaska.

The focus o f these i n v e s t i g a t i o n s have

Sha l l ow d r i 11 ng operat ions have d i scovered
a small low temperature resource a t Summer Bay.
E i g h t fumarole f i e l d s have been loca ted on
Makushin Volcano.

Fur the r work i s now planned w i t h t h e commit-
ment by t h e Sta te o f Alaska t o a m u l t i m i l l i o n
d o l l a r resource conf i rmat i on program fo r  the  
Makushi n geothermal anomaly. Pro jected increases
o f e l e c t r i c a l consumption o f 40 MW by the year
2000, and t h e  l o c a t i o n  o f $100,000,000 f t s h e r i e s

w i l l cont inue t o be d r i v i n g fo rces t o
develop t h i s resource.

Th is paper presents the geolog ica l , geo-
phys ica l and l o g i s t i c a l s tud ies f o r t h e develop-
ment o f a geothermal power p l a n t on Unalaska
I s l a n d o f t h e A leu t ian chain.

INTRODUCTION

Unalaska I s l a n d (F igu re i n t h e A leu t ian
Chain, i s r a p i d l y becoming the " f i s h c a p i t a l " o f
t h e Un i ted States. Approximately 200 m i 11i o n
pounds o f crab and f i s h are processed on the
i s l a n d . Growth i n the permanent populat ion, as
w e l l as t h e  t r a n s i e n t  populat ion employed by the
process ing indus t ry , been rap id . Demands i n
housing, serv ices and u t i l i t i e s have escalated
accord ing ly . Present peak e l e c t r i c u t i l i t y demand
i s 15 MW, d i v i d e d among the p u b l i c l y owned d iese l
generators and those operated by the p r i v a t e f i s h
processors.

Pro jec t ions f o r f u t u r e demand are r i s k y .
While a s izeable p o r t i o n o f t h e i s l a n d populat ion
appears t o be "pro-devel opment" the re are -
nent forces t h a t are apprehensive. The a n t i c i -
pated sea petroleum exp lo ra t ion a c t i v i t y i n the
Ber ing may t a x the i s l a n d ' s resources s i g n i f i c a n t -
l y . Hence, peak demand by the year 2000 could

f l u c t u a t e between 30 and 60 MW.

THE UNALASKA GEOLOGY AND THE FUMAROLE FIELDS

The rocks o f Unalaska I s l a n d cons is t p f an
o l d e r group o f a l t e r e d sedimentary and volcanic
rocks t h e Unalaska Formation by Drewes
e t a l . , a group of p l u t o n i c rocks in termediate 
i n age, and a younger group o f una l te red  vo lcan ic  
rocks. Such rock groups can be c o r r e l a t e d w i t h
rock groups found throughout t h e eastern and
c e n t r a l A leu t ian Is lands; i.e., an " e a r l y se r ies"
c o n s i s t i n g main ly o f a marine vo lcan ic and sedi-
mentary sequence t h a t has been metamorphosed t o a
greenschi st-grade, a "middle ser ies" cons is t i ng
ma in ly o f p l u t o n i c rocks, and a " l a t e ser ies"
c o n s i s t i n g o f an una l te red sequence o f l a t e
t i a r y subaer ia l vo lcan ic and sedimentary rocks. 
The reg ion t o t h e southeast o f Makushin Volcano 
cons is ts main ly o f rock exposures belonging t o
t h e aska Formation, whereas t e r e d v o l -
canics make up t h e Makushin Volcano and most of
t h e rock exposures t o t h e northwest.

Several impressive fumarole f i e l d s were ex-
amined i n t h e reg ion  dur ing  the  summers o f 1980
and 1981. They have been a r b i t r a r i l y numbered f o r

purposes i n a clockwise d i r e c-
t i o n . F igu re 2 i l l u s t r a t e s the Nor th p o r t i o n of
Unalaska and t h e p o s i t i o n o f t h e discovered
fumarole ds.

I n i t i a l water analyses o f some o f these h o t
and/or warm spr ings i n d i c a t e near neu t ra l

waters s i m i l a r
hydrothermal waters fournd i n g rea te r than 150 C
maximum temperature hydrothermal asso-
c i a t e d w i t h vo lcan ic arcs elsewhere.

These fumarole and ho t  sp r ing  f i e l d s vary
somewhat i n character and dimension. More speci-
f i c a l l y , Fumarole f i e l d no. 1 cons is ts o f vapor-
dominated fumaro l ic a c t i v i t y a t b o i l i n g
p o i n t ) , a and h i g h l y hydrothermal

t e r e d ground, cover ing approximately a 400' by
region. About 1000 f e e t upstream from t h e

west edge o f t h i s r e g i o n and a t a s l i g h t l y lower
e leva t ion , warm spr ings and small seeps
having a maximum recorded temperature o f 65 C.
These spr ings d r a i n i n t o a f a i r l y l a r g e pond
having a temperature o f about Fumarole
f i e l d no. 2 cons is ts of vapor-dominated hydro-
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thermal a c t i v i t y cover ing a reg ion about 3000
f e e t long and up t o 1300 f e e t wide. On the
southeast s ide o f t h i s fumarole f i e l d near a
stream channel, several ho t spr ings having
a maximum recorded temperature o f 87 C. Fumarole
f i e l d no. 3 cons is ts of vapor-dominated hydro-
thermal a c t i v i t y cover ing a reg ion about 1600
fee t long and about 500 f e e t wide. The main
fumarole a c t i v t y i s a c t u a l l y concentrated i n a
reg ion 800 f e e t long and about 300 f e e t wide.
About 1300 f e e t downslope t o t h e south of t h i s
f i e l d e x i s t s several ho t spr ings having a maximum
recorded temperature o f Several more ho t
spr ings occur about 1000 f e e t  f u r t h e r  south along 
a creek having a maximum recorded temperature o f

Fumarole f i e l d no. 4 cons is ts o f
dominated hydrothermal a c t i v i t y cover i ng a narrow
r e g i o n only about 200 f e e t long, pos i t i oned along
a stream and l a t e r a l moraine. Fumarole f i e l d no.
5 cons is ts o f vapor-dominated hydrothermal a c t i v i -
t y cover ing an area having a diameter o f about
300 f e e t . A warm spr ing e x i s t s about 600 f e e t
downslope i n the southwest d i r e c t i o n . The
s i v e and no isy f i e l d on the top Makushin
Volcano occupies a 300 f e e t diameter reg ion. This
f i e l d occupies an i c e covered reg ion showing
s igns of subsurface thawing cover ing a reg ion
3000 f e e t long and 1500 f e e t wide. A narrow
r e g i o n about 1400 f e e t long conta ins sulphur
deposi ts . F i e l d no. 7 and 8 both occupy very
smal l areas.

The Unalaska Formation i n t h e reg ion of
f i e l d s no. 1, no. 2 and no. 3 has been extensive-
l y in t ruded by p l u t o n i c bodies o f gabbro and/or 
in termediate p l u t o n i c rocks. These i n t r u s i v e
bodies and t h e surrounding aska Formation are
severe ly f rac tu red e s p e c i a l l y along con tac t bound-
a r i e s . For example, a small p l u t o n i c body oc-
cupies the  reg ion  between f i e l d s no. 2 and no. 3
and extends f o r several k i l omete rs i n a NE d i r e c -
t i o n . The hydrothermal sur face mani festat ions of
f i e l d s no. 2 and no. 3 are or ien ted i n general i n
a NE d i r e c t i o n along the contact o f t h i s p l u t o n i c
body and the Unalaska Formation. There i s e v i -
dence o f a f o r c e f u l  i n s t r u s i o n  o f t h i s p l u t o n i c
body and extens ive f r a c t u r i n g along t h i s contact
i s expected. Unal tered " andes i t i c and b a s a l t i c "
vo lcanic rocks and vo lcanoc las t i cs l i e
ab ly over the Unalaska Formation i n the v i c i n i t y
o f  f i e l d s  no. 1, no. 2 and no. 3. I n a l l t h ree
cases, these una l te red rocks are loca ted j u s t

o f t h e f i e l d s i n a d i r e c t i o n toward
Makushin Volcano. A l l of the other f i e l d s occur
i n reg ions cons is t i ng of unal tered vo lcanic  rocks 
where f i e l d s no. 4 and no. 7 are covered w i t h
g l a c i a l t i l l s . The Unalaska Formation and p l u -
t o n i c bodies i n t h i s area are suspected t o immedi-
a t e l y under l i e a l l o f these other f i e l d s except
f o r f i e l d s no. 6 and no. 8. I n the case o f f i e l d
no. 8, a small body o f hot magma i s suspected a t
a very shal low depth, but the Unalaska Formation
and/or p l u t o n i c rocks probably occur a t t h i s s i t e
a t l e a s t a t depths grea te r than 1000 f e e t below
t h e ground suface. 

Jus t o f t h e f i e l d no. 2 and i n t h e
v i c i n i t y o f f i e l d no. 1 i s a sequence o f

p y r o c l a s t i c f low deposi ts  pos i t ioned on top o f
g l a c i a l t i l l s . Although t h e th ickness o f t h i s
sequence of recent phyrocl a s i t c deposi ts va r ies
throughout the  va l ley ,  i t s surface i s f a i r l y
smooth, s lop ing away from Makushin Volcano. I n
t h e v i c i n i t y o f f i e l d no. 1, the base o f the
sequence cons is ts of a welded brecc ia  f low about
4 t o 8 f e e t t h i c k con ta in ing chunks of black

glass as la rge as 20 cm i n diameter,
dark " andes i t i c" scor ia and pumice. The u n i t
above cons is ts o f pumice and scor ia chunks as
l a r g e as 15 cm i n diamter i n a mat r i x of l i t h i c
fragments and ash, and conta ins a few blocks as
l a r g e as 10 f e e t i n diameter. This u n i t has some
crude layer ing,  be l ieved t o be f l o w structures,
and i s about 300 f e e t i n thickness.

Other t h i c k phyroc las t i c u n i t s were ob-
served t o the n o r t h and northeast o f Makushin
Volcano. A s i m i l a r bu t much th inner sequence of
p y r o c l a s i t c deposi ts was found between f i e l d s no.
2 and 3 on t h e south s ide o f Makushin Volcano. 

A t present, these phy roc las t i c deposi ts are
suspected t o be r e l a t e d t o a caldera forming
event t h a t occurred s ince t h e l a s t maxi-
mum which ended about 11,000 , and which
may be r e l a t e d t o the format ion of t h e  e x i s t i n g  
1.5 m i l e diameter Makushin summit caldera.

Volcano has erupted 14 t imes since
1760 . The l a s t e rup t ion occurred i n 1938.

Several f a u l t s s t r i k i n g between N t o N
were found near the v i c i n i t y of t h e fumarole

f i g l d s . Two o f these f a u l t s which s t r i k e about
60 W extend near l y  the  e n t i r e leng th o f t h e
nor the rn p a r t o f Unalaska Is land, a d is tance of
over 36 KM, and are considered t o be presen t l y
a c t i v e s ince they d i s r u p t s o i l hor izons. These
two f a u l t s bound t h e l a r g e s t fumarole f i e l d i n
t h e region.

Due t o the under thrust ing o f one p l a t e
under another, such as i s p resen t l y  occur r ing  a t
t h e A l e u t i a n trench, compressional s t resses i n
t h e d i r e c t i o n o f p l a t e convergence rill e x i s t i n
t h e arc reg ion o f t h e upper p la te . Since f r a c -
t u r e s and dikes tend t o propagate i n a d i r e c t i o n
normal t o the minimum p r i n c i p a l s t ress, t h e i r
general o r i e n t a t i o n should r e f l e c t the d i r e c t i o n
o f hor i zon ta l compression. Nakamura e t
a l . determined t h e d i r e c t i o n o f  t h e  p r i n i c p a l
t e c t o n i c s t ress based on t h e  o r i e n t a t i o n  of f l a n k
erup t ions on volcanoes f o r the  A leu t ian  vo lcanic
arc .  Thei r  f i n d i n g s roughly c o r r e l a t e w i t h t h e
r e l a t i v e motion between t h e Pac i f i c and Nor th

Plates. For Makushin Volcano, Nakamura
e t a l . determined a maximum st ress o r i e n t a t i o n
o f N where the expected was about

I f t h e expected N 45 W asimuth i s the
ac tua l c o r r e c t one, then the recognized normal
f a u l t s s t r i k i n g i n a more N d i r e c t i o n should

a s t r i k e - s l i p component.

The hydrothermal systems are expected t o
extend throughout a much l a r g e r area than ac tua l -
l y i n d i c a t e d by t h e observed a c t i v e hydrothermal
mani festat ions. For example, the h i l l s i d e s
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t h e reg ion southeast o f Makushin Vol-
c o n t a i n areas o f h i g h l y t e r e d

country rock, which i s r e l i c o f past hydrothermal
a c t i v i t y . I n addi t ion, some hydrothermal systems
may be capped by less permeable t e r e d
canics, and thus may not be represented by a c t i v e
sur face hydrothermal mani festat ions. On the other
extreme, n o t a l l and poss ib l y none o f t h e f i e l d s
observed i n 1980 and 1981 are necessar i l y con-
nected a t depth. Instead, several hydrothermal
systems are expected , being d r i ven by indi  v idual  
magma bodies o r i e n t e d i n an expected N d i r e c -
t i o n .

ISLAND LOGISTICS AND GEOTHERMAL
POWER PLANT ECONOMICS

.The approaches t o the fumarole f i e l d s and
hence t o the p o t e n t i a l power p l a n t s i t e are cum-
bersome. An abandoned m i l i t a r y a i r s t r i p , 3500
f e e t by f e e t , i s located a t Dr i f twood Bay.

It i s 'expected t h a t t h i s a i r f i e l d w i l l
serve as l o g i s t i c a l base f o r the planned d r i l l i n g
program. The surface o f the a i r s t r i p i s c u r r e n t l y
i n f a i r c o n d i t i o n but i t can be upgraded i n a
s h o r t  p e r i o d  o f t ime t o rece ive incoming t r a f f i c .

Approximately 6 'm i les from t h e end o f t h e
runway i s Sugar Loaf. An e x i s t i n g road connects
t h e two; however, the road i s washed out a t
var ious p laces and considerable r e p a i r s are neces-
sary.

Barge t r a n s p o r t i s possible. Special land-
i n g c r a f t should be u t i l i z e d i f Dr i f twood Bay i s
t o be the landing s i t e . Rocky shores and h igh
s u r f may hinder the landing operat ions.

Transmission l i n e s t o Harbor
f o l l o w i n g  t h e  cons t ruc t ion o f t h e power p l a n t
must be h e l i c o p t e r i n s t a l led. Underwater cable i s
expected f o r the f i n a l p o r t i o n o f t h e l i n e s .

Cons t ruc t ion costs on Unalaska are s i g n i f i -
c a n t l y h igher than elsewhere i n the Uni ted
States. D r i l l i n g costs, because o f t h e cumbersome
l o g i s t i c s , are expected t o be tw ice  the  l e v e l o f
es tab l i shed s i t e s such as i n the Greysers o r i n
t h e Imper ia l Val ley. Table 1 presents a best
est imate scenar io  f o r a 30 MW geothermal power
p l a n t on Unalaska Is land . A conservat ive est imate 
o f 50% d r y holes i s assumed.

A Transmission l i n e , 16 m i l e s long, and a 
connect ing 16 m i l e gravel road are assessed t o
t h e cos t of a power p lan t .

An average geothermal 1, producing
200,000 of steam ( e i t h e r superheated or
separated) can support a 10 MW maximum capac i t y
power p l a n t . Hence, cons ider ing t h e high costs  t o
access t h e format ion, est imates f o r various s izes
o f power p l a n t s (over 10 MW) are presented on
Table 2. A l l power p l a n t cost est imates inc lude a
55 MW standard generator, a transformer s t a t i o n
t o handle 55 MW , and 16 mi les o f t ransmiss ion
l i n e and access road. 

Economides e t a l .

The r a t i o n a l e behind the assessment i s t h e
a n t i c i p a t e d e l e c t r i c u t i l i t y demand f o r t h e
I s l a n d over the next th ree decades. I n s t a l l a t i o n
o f t h e higher capac i t y hardware w i l l necess i ta te
on ly i n f i e l d d r i l l i n g t o boost sagging w e l l out-
p u t o r increase capac i t y as the demand escalates.

As expected, t h e i n s t a l l e d cost per MW
dec l ines dramat ica l a t h igher power p l a n t capa-
c i t y s ince the i n i t i a l cons t ruc t ion and access
costs are d i s t r i b u t e d more evenly.

Annual operat ing costs  fo r a geothermal
power p l a n t are showing a much smoother t rend.
Table 3 presents t h e est imated annual costs ( i n
1981 d o l l a r s ) f o r var ious s izes o f geothermal
power p lan ts .

I n t h e case of an Unalaska geothermal, power
p lan t , w i t h 1 t h e p r o h i b i t i v e const ruct ion,
d r i 1l i n g and transmiss ion costs, a c lose compari-
son between t h i s and o ther a l t e r n a t i v e s i s neces-
sary. Present ly , t h e e l e c t r i c power generat ion
der i ves almost e x c l u s i v e l y from d iese l u n i t s .
Whi le a v a r i e t y o f power p l a n t s e x i s t s ( a l l com-
merc ia l processors own p r i v a t e u n i t s ) an economic
i n c e n t i v e may i n d i c a t e consol idat ion. Larger
u n i t s cos t p r o p o r t i o n a l l y less than several 
smal ler u n i t s .

Table 4 presents the c a p i t a l and operat ing
c o s t s f o r var ious s izes o f d iese l power p l a n t s
( i n 1981 d o l l a r s ) f o r Unalaska Is land. The f u e l
cos t i s se t a t While a l l o ther
cos ts are expected t o f o l l o w t h e general i n f l a -
t i o n a r y trends, both the supply and p r i c e of

are unpredic tab le . A U.S. Bureau o f Mines
r e p o r t , publ ished i n 1975 compared a 2 MW geo-
thermal power p l a n t w i t h a 2 MW d iese l u n i t f o r
Unalaska Is land . I n a d d i t i o n t o t h e obvious
f a l l a c i e s (an 8000 f t we l l , and 16 mi les o f
t ransmiss ion 1ines and road were assessed against
a 2 MW geothermal p l a n t ) , the  cos t  o f f u e l was
g iven as per ga l lon . While a l l o the r costs
escalated by t h e normal r a t e  o f  i n f l a t i o n ,  f u e l
has increased by a r a t e several t imes la rger .
Hence, t h e opera t ing costs as shown i n Table 4
may be h i g h l y underest imated when pro jec ted i n t o
t h e  f u t u r e .  

F i n a l l y , a comparison between geothermal
and d iese l power p l a n t s can be made only i n terms
o f same, maximum outpu t s izes. It i s obvious t h a t
a t sizes, d i e s e l power p lan ts- - the  h igh  
cos t o f f u e l notwi thstanding- -wi11 be more a t t r a c-
t i v e . Hence, t h e search i s f o r t h a t capaci ty ( i f
any) where t h e h igh i n i t i a l l o g i s t i c a l costs o f
geothermal power generat ion are balanced by the
h igh  opera t ing  cos ts  o f d iese l generat ion.

Table 5 presents such comparison. The r a t e s
o f r e t u r n l i s t e d i n c l u d e only  costs  a t the gate
o f t h e power p l a n t . They do n o t ' i n c l u d e household
system maintenance, in-town transmiss ion and
i n s t a l l a t i o n and o f f i c e and support s t a f f . Hence,
they are higher  than expected bu t are
here f a r comparison purposes only. Revenues are
f o r sales o f 75% o f maximum capaci ty a t
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. Capital Investment fo r a 30 Geothermal Power Plant , Unalaska IslandTable

ITEM COSTNUMBER DESCRIPTION

6 8,000 f t . , 7 (assumed 50% dry wells)
3,000 f t . , diameter pipe, i n s t a l l ed
3000 f t . of serv ice road, 18-ft-wide gravel, a t

55 MW maximum capaci ty generator, ins ta l led
1e

$12,000,000
250,000

1
P i p i ng
Road

115,000
20,000,000Generator

Transformer
Stat ion

Transmission
L i ne

55 MW a t i n s t a l l ed 1,375,000

1 11 miles of transmission l i n e overland (he l icopter
i n s t a l  l ed ) ,  5 miles underwater,

16 miles of 18- f t gravel road a t
1,600,000
3,200,000

$38,500,000

Road

Subtotal

3.850.000Contingency

Total t o be depreciated

10%of capi ta l

$42,350,000
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Table 2. Capital Expenditures for Various Sizes of Geothermal Steam Power Plants

S I Z E TOTAL EXPENDITURE

10
20
30
40
55

33,300,000
40,000,000
42,350,000
46,920,000
56,000,000

3,330,000
2,000,000
1,410,000
1,170,000
1,000,000

Table 3. Esimated Annual Operating Costs for a Geothermal Power Plant on Unalaska Island

PLANT S I Z E

10 MW
20 MW
30 MW
40 MW
55 MW

4,502
4,971
5,136
5,455
6,091

30 MW CASE

ITEM

Employee Compensation

DESCRIPTION COST ($1000)

3 Professionals x $50,000, 25 Hourly
x $40,000 Plus 50% Benefits 1,725

M a i ntenance
Plant F a c i l i t i e s .l%o f Generator Cost
P i ping
Transmission Line 2% o f cost
Road 2% o f cost
Fixed Costs 7% o f Investment

20% o f Pipe Cost

TOTAL ANNUAL COSTS

100
200
50
32
64

2,965

Table 4. Capital and Operating Costs ($1000) f o r Diesel Power Plants on Unalaska Island
(including generators, transformers, fue l tanks and 10%contingency)

S I Z E CAPITAL COST WAGES FIXED COSTS (7%) FUEL COST TOTAL OPERATING
COSTS

10 MW
20 MW
30 MW
40 MW
55 MW

8,600
15,400
20,600
24,100
33,000

400
800

1,200
1,600
2,200

602
1,078
1,442
1,687
2,310

5,082
10,164
15,246
20,328
27,951

6,084
12,042
17,888
23,615
32,461

* 363,000

Table 5. Comparative Economics o f Geothermal and Diesel Power Plants

DIESELS I Z E GEOTHERMAL

MW
20 MW
30 MW
40 MW
55 MW

9%
20%
31
38%
45%

24%
27%
31%
35%
36%

30 MW CASE

Revenues 29565
ng Costs 5136

Depreciation 1412
Cash Flow Before Taxes 23017

Taxes 11509
Cash Flow after Taxes (+Depreciation) 12921

o f 31

DIESEL
29565
17888

667
11010
5505
6172
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Figure 3: Comparative Economics
fo r Geothermal and Diesel Power
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