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1 .  A b s t r a c t  
For the development o f  geothernal energy u t i  I i za t ion .  

equipment cost  reduct ion i s  one o f  the most important 
fac tors .  I n  Japan, the cost r a t i o  o f  d r i  I I I s  f o r  
geothermal energy amounts t o  about o f  
development cost. 

Achievement geothermal I s  
i s  a key f ac to r  f o r  cost  examples o f  
60-84% achievement r a t i o  have been publ ished i n  Japan. 
K i r ish ima Geothermal P ro jec t  was d i v i ded  i n t o  four  
development stages. For t h i s  es tab l ished 
achievement t a rge ts  f o r  each stage. 
The a t ta ined  achievement r e s u l t s  were 88-92% against  

t he  planned r a t i o  of 80 Th is  i s  a very good r e s u l t  
compared t o  the above ished f papers ex- 
p l a i n  the the d r i l l i n g  r e s u l t s  and 
re fe r  t o  items t o  be solved i n  the future.  

2 .  I n t r o d u c t i o n  
K i r ish ima Geothermal F i e l d  i s  located in the southern 

pa r t  o f  Kyushu island, i n  Kagoshima pre fec ture  o f  Japan. 
Geothermal resources i s  abundant i n  t h i s  area and many 
beau t i f u l  landscape occur w i t h i n  the Kirishima-Yaku 
Nat ional  Park. Locat ion i s  shown i n  F igure  1. 

t e s t  d r  i I I ing  i n  1979. Based on the r e s u l t s  o f  these 
survey.21 exp lora tory  we l l s  were d r i l l e d  by our compa- 
ny and a t  the same exp lora tory  we l l s  were 
d r i  I led  by the exp lora tory  I s  d r i  I 
ed in the Ginyu area confirmed the existence o f  a 
geothermal reservo i r .  One important fea ture  o f  the 
geothermal resources i n  the  O g i r i  area i s  t ha t  they 
are o f  t y p i c a l  f r a c t u r e  type, the Ginyu Fau l t .  
Based on these fac ts ,  we d r i  I led  14 development I s  

from 1989 t o  1992. From the above, we conf i rmed the 
reservo i rs  s u f f i c i e n t  f o r  geothermal power p lan t  w i t h  
the capac i ty  o f  30 MW. 

under const ruc t ion  and i s  scheduled t o  be completed i n  
1996. N i t t e t s u  Kagoshima Geothermal Ltd. w i  I I 
produce the geothermal steam and Kyushu E l e c t r i c  Power 

w i l l  generate the e l e c t r i c a l  power from the 
steam. 

s i s  and eva luat ion  o f  the r e s u l t s  o f  d r i l l i n g  the 
geothermal w e l l s  are  reported f o r  each stage o f  
development. 
These I s  produce steam and r e i n j e c t  accompanying 

hydrothermal f l u i d .  Also f u t u r e  s tud ies  regarding 
add i t i ona l  we l l s  and p r o d u c t i v i t y  o f  we l l s  i n  
the s tab le  i on  w i  I I be discussed. 

In t h i s  began surface survey i n  1972 and 

To be named O g i r i  Power f a c i l i t y  i s  now 

In t h i s  paper, p lann ing o f  achievement targets,  analy- 

a i d '  
I 

Fig. 1 of  the Project Area 
I' 

3 . Achievement Ra t i o  o f  Geothermal Well D r i l l i n g  
3.1 D e f i n i t i o n  
In r a t i o  or  h i t t i n g  

d r i l l i n g  i n  i s  def ined 

[A. W. = --Equa. 1 

Number o f  d r i l l e d  we l l s  : Side tracked holes are not 

Number o f  successful Is : Product ion capacity. 

Number o f  Successful I s  
Number o f  D r i  I led  I s  

included, they are  t r ea ted  as repairs. 

r e i n j e c t i o n  capac i ty  and l i f e  o f  w e l l  are not 
def ined c lea r l y .  

I s  damaged before use, those used f o r  other 
purposes are  included i n  in  some 
cases we l l s  used f o r  other purposes are excluded 
from both denominators and numerators. 

3.2 Examples o f  Achievement Ra t i o  in  Japan 

1 l s h i  i, K., repor ts  the f o l  lowing resu l t s  o f  
d r  i I I'ing. 

Table 1 Achievement Rat io  o f  D r i l l i n g  Wells 

Name o f  
Power P lant  

Hatchobaru I 

Hatchobaru 

Otake 
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Geotherma Deve I opment Chrono I i ca I 
Table- Ki rishima Pro jec t  

We developed var ious methods f o r  geothermal explora- 
t i o n  and are able t o  achieve success r a t i o  
o f  100% a f t e r  year 1985 was a tu rnn ing point .  
The average achievement o f  we l l s  d r i l l e d  t o  date i s  82 
%.Before 1913, we d r i  I led a number of dry Is. 

Dry we l l s  were the r e s u l t  o f  d r i l l i n g  w i t h  uncer ta in  
knowledge o f  the cha rac te r i s t i cs  o f  geothermal s t ruc-  
tu re  and reservoir .  

T a b l e 4  

Area 

Name 

Geothermal Number 
Deve I opment 

Object 

Surf  ace 0 

o f  I s  

Survey, 
I 

Geotherma I temp. 

Survey 50 
ho I es 

Size 

Stage 

1912 
' 73 

14  

' 76 

km km 
4 2 Achievements c i t e d  a t  the 

Development Seminar f o r  Manegers J 

1 Kodama, M. 991 
N.E.F. Seminar Ma te r i a l s  

D r i l l i n g  cost  occupies a comparatively large share o f  
the t o t a l  geothermal energy development cost  i n  Japan. 

o f  d r i l l i n g  cost  i s  one o f  the 
very important problems f o r  the developers. 

should be taken i n t o  considerat ion.  
I n  order t o  reduce the dr i I I ing  cost, the f o l  lowing 

d r i l l i n g  opera t ion  i n  d e t a i l .  
- U t i l i z e  d r i l l i n g  equipment e f f e c t i v e l y  and 

decrease i d l i n g  time. 
and I b. Improve the e f f i c i e n c y  o f  d r i  I I ing 

ion. 
achievement r a t i o  o f  d r i l l i n g  

I n  case o f  K i r ish ima planned the achieve- 
ment r a t i o  t o  be 80% and a t t a i ned  87.5% i n  1990. 

K i r i -  
shima 

km km 
4 

78 
79 
80 
81 

S I  i m  
hole 3 

Geothermal 
Resources 

Exp lora t ion  K i r i -  
shima 

km km 
4 

82 
83 
84 

Geothermal 
Resources 

S I  i m  
hole  4 

Large 
D. W. 

Total  11 

G i nyu km km 
2.8 1.3 Exp lora t ion  

85 
' 86 

Corrobora- Large 
t i o n  Test D.W. Matsuda. N. (1991 repor ts  the f o l  lowing i n  

N.E.F. Seminar Ma te r i a l s  9-1.9-16 
For consider ing the economic f e a s i b i l i t y  o f  geotherm- 

a l  energy development, we used a model o f  50 MW geo- 
thermal power p lan t  and ca lcu la ted the power generat- 
ion cost as a bas is  f o r  the study. 
The items assumed f o r  t h i s  study i s  l a i d  out i n  Tab.2. 

G i nyu km km 
2.8 1.3 

88 
89 
90 

'91 

Development 

t ion 

Large 
D.W. 14 Ogi r i  km km 

1.9 0.5 

Table 2 Number o f  Wells i n  Each Stages 

Stage Kind and Number o f  
I s  

' 92 93 

94 
' 95 

Produc- 
t ion 
Well 

Construct ion Achievement and Others 

Og i r i  km km 
1.9 0.5 Small diameter 

t e s t  holes 8 
Large diameter 

t e s t  holes 
m c lass  10 
m c lass  5 

Re in jec -  
t ion 

Operating Well 
Explora- 

Exp i ta-  
t i o n  and 

t ion 

96 
5 w i t h i n  10 are d i v e r t  
-ed t o  product ion I 
2 w i t h i n  5 are d i v e r t -  

ed t o  r e i n j e c t i o n  w. 

Achievement r a t i o  80 
Achievement r a t i o  80 

Explanat ion o f  Each stage 
Surface Survey 

Out l ine  o f  geothermal po ten t i a l  area. 
Acqu i s i t i on  o f  data f o r  p lanning d r i  I Is. 

-Na tu ra l  and soc ia l  environment survey. 
1 stage Exp lora t ion  ho le)  

Study by means o f  I diameter geothermal Is. 

Develop- 
ment 

Produt ion we l l s  10 
Rein jec t ion  w. 1 1  

4 . Planning o f  K i r ish ima Geothermal Pro jec t  
Geothermal development i n  K i r ish ima f i e l d  (Ogi r i  

Power d i v i ded  i n t o  several stages which are 
shown i n  Table with the ob jec t i ves  o f  each 
geothermal development stage. Locat ion o f  the p ro jec t  
area i s  shown i n  F igure  1 . 

Existence, quan t i t y  and q u a l i t y  o f  geothermal f l u i d .  

p l an  f o r  next stage. 
2 n d  Stage Exp lora t ion  
-Conf i rmat ion  o f  the o v e r a l l  p o s s i b i l i t y  f o r  

3 rd  Stage Corroborat ion t e s t  

and est imate the c a p a b i l i t y  o f  the area. , 

Actual product ion and r e i n j e c t  ion t e s t s  using 

Geothermal s t ruc ture .  

development. 

4 product ion we l ls  and 2 r e i n j e c t i o n  we l l s  
140 steam 

4 t h  Stage Development i nves t i ga t i on  . scale product ion and r e i n j e c t i o n  t e s t s  
360 f o r  2 months. 
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b. Transmissiv i ty (Permeabi I i t y  th ickness) 
We set the standard as 
Over meter) we add, and under we 
subtract  the f i g u r e  from the achievement. 
The f i g u r e  ranges from t o  -10 w i t h  + 

and - 0.1 . 
of  geothermal f l u i d  (steam and hot water) 

I t  i s  assumed tha t  the q u a l i t y  o f  geothermal f l u i d  
i s  su i t ab le  f o r  development. the f l u i d  i s  
accompanied by ac id  hot water o f  under 4.0 , the 
achievement i s  reduced 1/2 . 

5 . Achievements o f  D r i l l i n g  Wells i n  the K i r ish ima 
Geothermal F i e l d  

Ouant i and qual i o f  geothermal resources depend 
on the cha rac te r i s t i cs  o f  i n d i v i d i a l  geothermal f i e l d .  
For K i r ish ima Geothermal es tab l ished stand- 

ards f o r  c a l c u l a t i n g  achievement r a t i o  f o r  the f o l l ow  
three cases: s l i m  holes, product ion wells, and 

r e i n j e c t i o n  wel ls.  

5.1 S l i m  holes 

1. The purpose o f  d r i l l i n g  s l i m  holes i s  t o  acquire 
data concerning geological  sturucture,  underground 

temperature and other relevant t o  geothermal explora- 
t ion .  The q u a l i t y  and quan t i t y  of  geothermal f l u i d  i s  
measured by t e s t  and the c a p a b i l i t y  o f  product ion- size 
holes i s  calculated. 

2. I n  the K i r ish ima r a t i o  must be 
100 w i t h  a s tab le  steam product ion capaci ty o f  

more than 40 The above must be achieved under 
the f o l l ow ing  the planned schedule, 
w i t h i n  the planned w i t h  su i t ab le  q u a l i t y  
f o r  power generat ion and s tab le  production. 

and 
cha rac te r i s t i cs  o f  geothermal f l u i d .  

Holes f o r  temperature measurement and s t ruc tu ra l  

A. Concept 

Ca lcu la t ion  i s  based on numerical values o f  steam 

d r i l l  holes are excluded from achievement r a t i o  
ca Icu  I a t  ion. 

D e f i n i t i o n  o f  Est imat ion 
1. Af ter  a l l  f i n a l  achievement r a t i o  

o f  d r i l l i n g  we l l s  ranges from 0 t o  100 

2. [A. W. of  100 i s  def ined as steam product ion 
exceeding 40 converted i n  product ion- size hole 

wi th  f i n a l  we l l  diameter o f  216 mm and wel l  head 
pressure o f  5.0 atomospheric pressure. 

A.W. w i l l  be reduced propor t ionate ly  when the steam 
product ion i s  lower than the above. 
Conversion from s l i m  holes t o  product ion- size holes 

i s  made by s imulator NSC GREATS or  f i n a l  we l l  sect ion-  
a l  area ra t i o .  

Note: NSC GREATS i s  the p e t  name o f  numerical 
reservo i r  was made by members 
o f  our team. 

temperature 
3. Geological co r rec t i on  factors.  

We est ime the subsurface temperature A c t i v i t y  
Index [A. from 0 t o  100. The standard value o f  A. I. 
f o r  K i r ish ima s l i m  ho le  i s  60. Over A. 1.60 we add, 
under 60 subt rac t  the achievement. 

Note : [A. 
A c t i v i t y  Index was proposed Hayashi 
A . I .  i s  obtained by the fo l l ow ing  equation. 

1 x 100 ------ Equation 2 

where Tm :Maximum temperature measured or estimated 
for  a p a r t i c u l a r  d r i l l  hole. 

Tb- Tm 
Tb- 

Tb temperature a t  the same depth. 
:Assumed temperature a t  the same depth, 

ca lcu la ted from the normal geothermal 
gradient. 

5.2 Production-Size Hole--Production Well 
We c a l l  the we l l  which has the f i n a l  diameter o f  216 
mm inch) and product ion- size hole or  
large s i ze  diameter wel l .  

1 Achievement r a t i o  100% of  product ion we l l  has a 
steam product ion capaci ty o f  40 or  higher w i t h  

I head pressure o f  5.0 atm. i n  s tab le  f low-  
ing state.  
I f  the f low i s  under 40 the achievement w i  I I be 
reduced propor t ionate ly  the steam volume. 

d i f f e rence  o f  we l l  diameter i s  made by the s imulator 
2 Correct ion o f  steam product ion volume f o r  the 

or f i n a l  sect ional  area ra t i o .  
3 Geological co r rec t i on  fac tors .  

a. Underground temperature 
We evaluate the temperature A. I. .Standard value 
o f  A. I. f o r  product ion i s  70. 

Standard t ransm iss i v i t y  i s  
The f i g u r e  ranges from t o  -10. 

I n  case o f  the f l u i d  accompanied ac id  hot water 
w i t h  under reduce the achievement t o  

I n  a case o f  s ide t rack  and d e f i n i  

wel l  they are counted as 0.5 wel ls  such 
as, main w e l l  t rack  we l l  0.5 = 

b. Transmissiv i ty (Permeabi I i t y  th ickness) kh 

c. o f  geothermal f l u i d  

4 Side t rack  we l l  

o f  es t imat ion  are the same as f o r  the main 

number o f  we l ls  1.5 
5.3 Product ion- size hole- -Reinject ion I 

1 The achievement r a t i o  o f  r e i n j e c t i o n  can 
accept the natura l  f low o f  200 or  higher i n  a 
s tab le  state,  i s  100 

2 Correct ion o f  r e i n j e c t i o n  volume f o r  the d i f f e rence  
of w e l l  diameter i s  made f i n a l  sect ional  area 
r a t  io. 

6 . Achievement o f  D r i l l i n g  Wells ;Results 
The d e t a i l e d  output r e s u l t s  o f  A.W. i n  the K i r ish ima 
Geothermal F i e l d  are as fo l lows. 

These cor rec t ions  were made f o r  each wel l  under the 
concept and d e f i n i t i o n  o f  es t imat ion  mentioned in  
Sect ion 5. Output i s  shown i n  next tables. 

6.1 Achievement r a t i o  cor rec ted data output 
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T a b l e  5 A c h i e v e m e n t  t a b l e  o f  P r o d u c t i o n  W e l l s  

ear 

Area 

Each Stage and Arsa 

Activity Index 
Fluid 

Each 

I 

A. 

Correc Ginyu 
Hot 

kh Correc 
ndex 

A. 

979 

-1981 

9.4 

8.5 

100 

100 

5 

5.6  6 
73 2 4  15.9 

(33 85 (166.2) 

Ginyu 100 100 
79 

0 0.02 79 8. 3 

8.8 75 26.5 1 4 1 

25.0 

178.0 

0 0 

100 

75 98 

982 

-1984 

Ginvu 

40 61 43 4 1  0 

l o  
8. 3 l o  

Shira- 
2.9 

2.4 

5 o 0 

73 10 216 

1985 
216 

8. 7 
158 

Ginyu 86 59 59 

-1987 
2 8 6  22 

3.2 

76 6 40.4 100 213.0 68 10 

7. 9 

8.7 

22 

100 

216 

Ogiri 
-1991 

216 

0 0 216 8. 6 

Note Ogiri i s  inside of Ginyu Area. where I nam 22 and i s  located 

2 .  Well Name and are side track wells. 

3 .  Activity Index i s  bv f l u i d  inclusion 

T a b l e  6 A c h i e v e m e n t  t a b l e  o f  R e i n j e c t i o n  W e l l s  

Each 

Stage 

A. 

60 

Year 

1982 

-1984 

1987 

1990 

-1991 92 
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6.2 Progress o f  Achievement 

C l a s s i f i c a t i o n  was made each type o f  we l ls  and 

survey stages. Progress i s  shown in next Figures. 

(number o f  88% 

t i  

1979 80 81 82 83 84 85 86 87 88 89 80 91 

Year, stage 
Figure 2. Progress o f  A. W. i n  I Product ion I s  

r ishima F ie ld ]  

100, 86% 

a 
(3.5) 

40% 

1979 80 81 82 83 84 85 86 87 88 89 80 91 

Year, stage 

Production Wells 

Figure 3. Progress o f  A.W. i n  Production-size, 

[Og i r i  Areal 

92% 

7 . Discussions and Conclusions 
Geothermal t o  a l l  underground 

character ized by the geological  

cond i t ions  o f  each area. 
A t  Kirrshima Geothermal have ca r r i ed  out the 

development o f  resources o f  the achievement 

as an index f o r  eva luat ing  the r e s u l t  o f  a l l  stages 
f rom ann i exp or a t  ion, exp l o  i t a t  ion t o  deve 

We a t ta ined  good A.W. r e s u l t s  i n  our pro jec t ,  they were 
88-92 Af ter  have a capaci ty in  reserve 

f o r  product ion and r e i n j e c t i o n  compared w i t h  the pro- 
v i s i o n  scale o f  30 MW. Now we are i n  const ruc t ion  

stages and w i l l  be i n  opera t ion  i n  the middle o f  1996. 
The d r i l l i n g  ta rget  a t  K i r ish ima Geothermal F i e l d  i s  

area cons is ts  mainly o f  f r ac tu re  type geo 

-thermal have a c l ea r  understanding o f  
re levant f a u l t s  and f rac tu res  and we have del ineated 
the target  o f  o u r  development t o  Ginyu Fau l t .  We were 
able t o  complete d r i l l i n g  successful ly under 

able cond i t ions  w i t h i n  the o r i g i n a l  schedule. 
I n  order t o  improve the Achievement r a t i o  o f  d r i l l i n g  

[A. geothermal development, our experiences 

ind ica te  the importance o f  the f o l l ow ing  problems. 
.Improvement o f  surface survey accuracy. 
Improvement o f  t e s t  d r i  I I ing. 

Acqu is i t ion  and care fu l  ana lys is  before d r i  I ing o f  
the technical  informat ion,  not only f o r  the ta rget  
area but a lso  f o r  the v i c i n i t y .  

Maintaining a h igh  techn ica l  level  o f  d r i l l i n g .  

obtained by the cont ro l  system us ing in  

d r i  I I ing Is. 

w i l l  be necessary f o r  d r i l l i n g  supply we l ls  and main- 

t a i n i n g  the product ion p lan t o  study pro- 
d u c t i v i t y  cont ro l  system by such as 
index a t  our K i r ish ima Geothermal F i e l d  i n  the near 

future.  

I n  t h i s  reported the sa t i s fac to ry  resu l t s  

In the operat ional  cont ro l  system 
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1979 80 81 82 83 84 85 86 87 88 89 80 91 

Figure 4. Progress o f  A.W. i n  a l l  Re in jec t ion  Wells 
Year, stage 

[Kir ishima F ie ld ]  
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