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RESOURCE EVALUATION AND DEVELOPMENT PLANS FOR A 120

GEOTHERMAL POWER PLANT ON MILOS ISLAND, GREECE

M. J. C. A. Ehl ig-Economi

G. F.

t y of Alaska., Fairbanks
i c 'Rower (Greece)

ABSTRACT

F i v e d e e p h a v e  b e e n  
o n I s l a n d o f Greece,
i d e n t i f y i n g a h i g h - t  e m p e r a t u r e ,  h i g h-
e n t h a l p y r e s e r v o i r . T h e
t h e r m o d y n a m i c p r o p e r t i e s o f t h e
a n d t h e p o r o s i t y a n d o f t h e
f o r m a t i o n a a n d h e a t
s t o r a g e c a p a c i t y t h a t s u p p o r t a
60 power f o r 85 y e a r s a
120 for h a l f t h a t time.

The e x i s t i n g f i v e c a n
d e l i v e r 180 t / h o f steam a t 1 0 b a r ab's
p r e s s u r e , of . g e n e r a t i n g a
maximum power o u t p u t of

t h a n 20

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

p e r t a i n i n g t o t h e f i v e
a n d d i s c u s s e s t h e p o t e n t i a 9
for a 60 g e o t h e r m a l power

I N T R O D U C T I O N

a member of t h e
Group i n t h e Aegean S e a ,

p a r t o f t h e a c t i v e Aegean Arc
o f w h i c h t h e o f a n d

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

on I i s y r o s a n a s s o c i a t e d p a p e r
in t h i s Fig. 1 f r o m t h a t p a p e r
s h o w s t h e l o c a t i o n o f

t h e v o l c a n i c

Two a n d
p r o v e d

p r o d u c t i v e . The f o r m e r was in
t h e Adamas a r e a , t h e was

i n t h e Z e p h y r i a area. T h r e e

o t h e r d u r i n g 1980- 82 (M-
i , a n d M- 3 ) p r o v e d
p r o d u c t i v e . p o s i t i o n s t h e

on map O f t h e

GEOLOGY

The O f may be
r e p r e s e n t e d by t h e
shown on 2 o f f e r e d b y V r o u e i .
The s c h e m a t i c r e p r e s e n t s a Y-E c ross-
s e c t i o n of t h e i s l a n d a t t h e P a t i t u d e
of t h e Z e p h y r i a The mode2 shows
a n t h e w e s t
( a s s o c i a t e d w i t h Pava d o m e s ) , a

d e e p d i s c h a r g e t o w a r d s t h e
t h e o f a ser ies of

c i r c u i t s w i t h i n t h e
r e s e r v o i r ( m e t a m o r p h i c some
upward t h r o u g h t h e m a i n
systems, c o v e r made up o f w i d e s p r e a d

o f a
some i n t r u s i o n s

c o n n e c t e d w i t h t h e few domes
o u t c r o p p i n g t h e s o u t h - e a s t e r n s e c t o r
o f t h e The ra t ter i n t r u s i o n s ,
howeve r , r e p r e s e n t a

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

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

c e n t e r s , t h e E a s t e r n p a r t o f
t h e and t h e

a n d t h e Adamas
r e g i o n s were s i t e d f o r t h e

DRILLING A I D SUBSURFACE L I T H O L O G Y

p r e s e n t s a summary of t h e
d i a m e t e r s and d e p t h s f o r t h e  t h r e e  

M- 2 , a n d
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TABLE 1

D R I L L I N G STATISTICS FOR WELLS M-1, a n d M-3

1
1.180

903- 1180

1017

0- 169 0- 186

600-1381 m 637-1017
169- 600

The s e q u e n c e o f t e r r a i n s c r o s s e d
b y  e a c h  i s sum a r i z e d

A O f

m) is'made o f s t r a t i f i e d
f l o o d  d e p o s i t s .  t h e r e is
t h e c h a o t i c f o r m a t i o n made
c o m p r i s e d o f s c h i s t s ,
q u a r t z , a n d
a l t e r e d B e n e a t h t h i s
t e r r a i n t h e r e is a t h i c k m e t a m o r p h i c

( 6 0 T.D. ) c o n s i s t i n g
s c h i s t t h e green t
f a c i e s . E p i d o t e is a p r o m i n e n t
i n t h i s

M-2: The t e r r a i n is a g a i n
a t e r r a i n (0-15 m) composed o f
s t r a t i f i e d d e s p o s i t s . A t h i n
Eager (15- 25 grey t u f f a n d o t h e r
new is p r e s e n t . From 25- 145
m, t h e r e i s t h e c h a o t i c f o r m a t i o n
c o n s i s t i n g o f a v a r i o u s

Metamorph ic f r a g m e n t s
( q u a r t z , m i c a - s c h i s t s ,
a r e by v o l c a n i c f r a g m e n t s ,
some s e d t a and

149 ( t o
T.D.) a t h i c k m e t a m o r p h i c f o r m a t i o n
s i m i l a r t o t h e o n e  u n d e r  f o u n d .

No d e p o s l t s were
t h e c a s e o f M-3. I n s t e a d , a

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

e v i d e n t ( 0- 2 0

A f o r m a t i o n
c h a r a c t e r i z e d by i n t e n s e

r e n d e r i n g much O f t h e
s t r u c t u r e t h e r o c k

u n r e c o g n i z a b l e .

This by a
s e d i m e n t a r y f o r m a t i o n
f o r m e d by t h e Neogen ic m a r i n e
i n g r e s s i o n . The f o r m a t i o n c o n t a i n s
c a r b o n a c e o u s q u a r t z a r e n i t ea,
s a n d s t o n e s , a r e n a c e o u s  c a r b o n a t e  r o c k s ,  
l i m e s t o n e s d o l o m i t e s and some
s h a l e s .

t h e t h i c k
l a y e r o b s e r v e d i n M-1 a n d W-2 is f o u n d

The t e r r a i n s e q u e n c e s f o u n d in t h e
t h r e e summar i zed in s c h e m a t i c
form in F i g u r e 3. A h i s t o r y

t h e s t r u c t u r e s may t h e n b e
r e c o n s t r u c t e d .

A c a u s e d
t h e o f r o c k b e n e n t h M-3 t o
s u b s i d e ; by t h e m a r i n e
i n g r e s s i o n w h i c h t o t h e
o f t h e N e o g e n i c (125- 173

t h e s e d i m e n t s a r e w e l l
s o r t e d . i n t h e
h i s t o r y , t h e magma f rom a r o c k
body u n d e r t h e m e t a m o r p h i c r o c k
i n t r u d e d upward p u s h i n g t h e w h o l e
upward d e p o s i t i n g i t a b o v e t h e n e o g e n i c
f o r m a t i o n b y u p l i f t i n g t h e

d e p o s i t a . A n o t h e r
is t h a t magma f o r m e d a c o n e
a r o u n d t h e v e n t a b o v e t h e n e o g e n i c
s e d i m e n t s . Then m e l a n g e and

were d e p o s i t e d l a t e r a b o v e
t h e cone .

The o f t h e M-3 on t h e t o p
t h e forming t h e  u p l i f t e d  

t h a t t h e Z e p h y r i a
s u g g e s t s t h e p r e s e n c e O f two
( s e e c r o s s - s e c t i o n ) a r o u n d T h i s
h y p o t h e s i s is f u r t h e r by
t h e p r e s e n c e of n e o g e n i c  s e d i m e n t s  
M-3 a n d t h e i r a b e e n c e in M-1 a n d M-2.

C o n s i d e r i n g t h e and
o f t h e r o c k s p i e r c e d by t h e

i t c a n b e s u g g e s t e d t h a t t h e
m e t a m o r p h i c is from M-2 t o M-3 t o

P r e s e n c e o f a b o v e
9 0 0 and i t s a b s e n c e a t l o w e r  d e p t h s .  
c a n  b e  t o t h e  p a t t e r n  
o f u n d e r g r o u n d water movement.
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WELL

LEVEL

Figure 3. Terrain Sequences penetrated by wells M-2, and M-3. N-S Cross section.

FLOW A N D PRESSURE

The t h r e e nev have b e e n
f f o v t e s t e d and 2 c o n t a i n s t h e
p e r t i n e n t and d a t a .

A number o f i n j e c t i o n t ee t s
have b e e t done t h r e e

s e a w a t e r was i t j e c t e d and t h e
e t s u i t g b u i l d u p o f p r e s s u r e ras
t o o f f . Nine s u c h t e s t e done
f o r The i n j e c t i o n time f o r
e a c h war 3Q

similar t e s t s done f o r H-2
and t h r e e more were done f o r H-3.

The tests were per fo rmed

e v a f u e t i o n of t h e r e e e r v o i r
t r a n s m i s s i v i t y . o f
t h e s e t e a t s were as

f e a t u r e s o f g r a p h e are
u s e d e x t e n s i v e l y by r e s e r v o i r e n g i n e e r s

r e s e r v o i r c h a r a c t e r i s t i c s
( s u c h a s t h e p r e s e n c e o f f r a c t u r e s ) or

various t h e

c o n d i t i o n s .  F i g u r e  4 is a
g r a p h o f t h r e e  i n j e c t i o n  

o f f tests from Fig. 5 a

g r a p h t h r e e  i n j e c t i o n  
o f f t ee t s

moat o f t h e  d a t a  
t h e p r e s e n c e of f r a c t u r e s ,

as i d e n t i f i e d by t h e
t h e g r a p h

a t time. The d a t a t r e n d  t h e n  
f l a t t e n s o u t , a f r e q u e n t i n d i c a t o r o f

A o f
thumb' known a s t h e Ap

t h e commencement t h e
s t r a i g h t Bine b e h a v i o r i n a

g r a p h of t h e
t o t h e d a t a

times t h e from t h e d e v i a t i o n
from t h e on a

s t r a i g h t
of t h e t e s t a were r u t  f o r  e

t i m e for t h e
a p p e a r a n c e o f t h e semi-Pog s t r a i g h t

as e v i d e n t from Figs. and
F u r t h e r , t h e e h o r t of the
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I

o
o
A

= 30

At
Figure 4.' In ject ion Fall-off Pressure Transients Tests for

A

M-3

I
t

Figure 5. Injection Fall- off Pressure Transients Tests for M-3
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TABLE 2

WELL FLOW DATA

t i o n Rate
a t 12 (175 p s i )

pressure

a t 10 (150

Steam k a t e

119 t / h

6 0 k

41 .7 t / h

Power Ptant 4 .6

Capacity (20,000

Production I n t e r v a l

T o t a l

Temperature

D

120 ,000 PPH

50

40

20

H-2

2200 k

3 . 7

3
126 t / h

1600

5 .8

DD

130,000 PPB

120 120

A

Figure 6. Semi-Logarithmic Analysis o f Pressure Transients Data for Uel l

.
, ..

.



t e s t s l i m i t s t h e o f t h e d a t a f 4 r
i n t e r p r e t a t i o n of t h e
b e h a v i o r .

The d s t o r a g e c a p a c i t y O f

M-1 is ( 8 by
A i n j e c t i o n a t 100 (as
i t was d o n e f o r most t e s t s )

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

Semi-Pog g r a p h s of t h e d a t a a re
p r e s e n t e d in F i g . 6. I n j e c t i o n tes t s

and were s e l e c t e d f o r
s i n c e t h e y were  done  o v e r t h e
same The

of t h e time f u n c t i o n
t o u n i t y fa%&- off

time, r e s u l t in t h e
r e s e r v o i r p r e s s u r e ) . Hence, s ince t h e
tes ts were d o n e f o r t h e same d e p t h , t h e

o f t h e s e s t r a i g h t l i n e s
mus t c o n v e r g e a t t h e same

o f p r e s s u r e . The f o r t h e
two s t r a i g h t lines were t h u s o t a l n e d
a n d were as
( f o r t e s t #4) and 3.6
( f o r t e s t

The p e r t i n e n t e q u a t i o n f o r
t h e p e r m e a b i l i t y is:

where k in q in
c p h in

The
from t h e s e tests were 11.5
14 md ,

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

e q u a t i o n .

where md, cp , in
i n

Using Eq. 2 , e f f e c t f b r

b o t h tes ts was as - 7.
The n e g a t i v e f o r t h e skin f u r t h e r .
s u p p o r t s t h e t h a t t h e

a f r a c t u r e .

tes t a t a
was

Economides, e t al .

p r o v i d i n g a p e r m e a b i l i t y o f 3.7
and a f a c t o r -6.

The I n j e c t i o n t e s t s per fo rmed
d u r i n g t h e p r o v i d e d
a number of a b o u t t h e
f o r m a t i o n a n d t h e The
d i a g n o s t i c gave e v i d e n c e

t h e n a t u r a l f rac tures , a

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

two s y s t e m s in

6f t h r e e t h e s e t e s t e p r o v i d e d
t h e

and t h e open
The n e g a t i v e of t h e

ef fec t p r o v i d e d
t h e p e n e t r a t i o n o f n a t u r a l

f r a c t u r e s by t h e

t e s t a ,
t o t h e

a t much e r a t u r e
o t h e r phenomena (such as

f r a c t u r i n g ) t h a t mask o r
c e r t a i n forma t ion

c h a r a c t e r i s t i c s . A t t h e p r e s e n t t i m e ,
and i n t e r f e r e n c e

tes ts are o r d e r
c h a r a c t e r i s t i c s as

as t h e a x e s o f
The l a t t e r are

i m p o r t a n t in any f u t u r e r e - i n j e c t i o n
which must b e in

w i t h t h e t h e
power

Assuming a maximum o f 25
e x t e n t w i t h a 1000 t h i c k r e s e r v o i r
(much o f be t h r o u g h
v e r t i c a l f r a c t u r e s t o u c h i n g t h e w e l l ,
n o t t h r o a votume o f
2.5 x r a y b e Using
a p o r o s i t y v a l u e o f t h e p o r e

bo 1.25 1 0
The a t

c nd is
1.53 Hence, t h e

is 1.25 x x o r
S i n c e 20,000 o r

h a v e b e e n used
p e r 1 t h e need f o r a

Hence, t h e e x p e c t e d l o n g e v i t y
is as 85
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A t t h e time of w r i t i n g t h i s p a p e r ,
t h e Power t h e .
f i r s t p h a s e of t h e o f t h e
geothermal! r e s e r v o i r s o f and
i n t h e p r o c e s s of c o n t r a c t i n g t h e
d e s i g n and o f a
2 power by a i d

T h i s p i l o t p r o v i d e
a means f o r  t e s t i n g  
s e p a r a t o r s , t u r b i n e s ,
c o n d e n s e r s and r e - i n j e c t i o n schemes f o r

a s s o c i a t e d a n d
c o r r o s i o n . In a d d i t i o n , e x t e n d e d f l u i d
p r o d u c t i o n and
p r o v i d e d e f i n i t i v e d a t a on t h e
r e s e r v o i r and on t h e s u s t a i n e d

and i n j e c t i v i t y

c h a r a c t e r i s t i c s t h e

The second p h a s e t h e
o f f i v e new

t e s t i n g and measurement s , t h e s t u d y o f
a g e b t h e r m a l and t h e
d e t e r m i n a t i o n o f t h e power
c a p a c i t y ( e x p e c t e d b e  a b o u t  60

in t h e d e s i g n ,
p r o c u r e m e n t  a n d  a 6 0

power by 1909. The
the first

s u b m a r i n e f o r t h e
of t h e g e n e r a t e d power t a k e

d u r i n g t h i s phase .

The t h i r d p h a s e t h e
o f 20 new

t e s t i n g
and measurements  a i m i n g  t o w a r d s  t h e

and o f a

42

60 power by
1992. This p h a s e t h e

a second n e t w o r k of
s u b m a r i n e t h e t r a n s m i s s i o n
6f t h e 60

S i n c e t h e power o u t p u t e x p e c t e d
t o t h e demand f b r

t h a t of t h e in i t s i m m e d i a t e
p r o x i m i t y , t h e of t h e
s u b m a r i n e c a b l e s for pbwer

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

a t t h e p r e s e n t time by t h e PPC.
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