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ABSTRACT BE-wQEmmPREssUREs 

Feed point pressures of some of the ear l ies t  Due to the lack of rea l  reservoir pressure 
product ion w e l l s  i n  Hatsukawa were data, i t  i s  impossible to accurately estimate 
r e c o n s t r u c t e d  from water  l e v e l s  and the i n i t i a l  s t a t e  of Hatsukawa reservoi r .  
temperature profiles measured d u r i n g  warm U P  This is because, no pressure logging was made 
of the wells immediately a f t e r  d r i l l i n g .  before June, 1966 a t  Hatsukawa. The f i r s t  one 
Although most of the wells currently Produce was done a t  well H4 w i t h  the  Kuster gauge 
dry superheated steam, the reconstructed d u r i n g  and af te r  the discharge tes t  (Baba et  
pressures indicate that the pressure gradient a l . ,  19701, b u t  no more pressure loggings were 
of the production zone was super-hydrostatic made except only a few cases a t  14.  
and was similar to that of Kakkonda. which i s  
a liquid-dominated systeo. I t  implies that  
the current production zone of the Hatsukawa 
r e s e r v o i r  was induced t o  produce dry 
superheated steam mainly b y  l i t t l e  water 
recharge and high heat flow. 

I" 

wells f o r  t he  hot  bath b y  

TunynWc(ded TuIf~lUmer) 
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Tamara Welded TuIfSWU?dk 

f r o @  water leve ls  t o  consider i t s  i n i t i a l  Hatsukawa (af ter  Akazawa and Huraoatsu, 1988). 
s t a t e .  R e s u l t s  and d i s c u s s i o n s  of t he  Location of the c ross  sec t ion  i s  shown i n  
pressure data are summarized i n  this report. Fig. 1. 
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Reconstruction of feed point pressures from 
water level is commonly applied in liquid- 
dominated reservoirs, Celati et al. (1975) 
pointed out that feed point pressures 
reconstructed from water levels agree well 
with reservoir pressures even if in a vapor- 
dominated system. 

As widely applied, a pressure profile in a 
well can be estimated b y  integrating the 
density of the fluid over the depth, if the 
water level and temperature profiles are 
known, and if there is no lnternal flow in the 
well bore. This integration was d o n e  
numerically downward from the water level to 
the bottom of the well. The density of the 
fluid was calculated at each step by the 1967 
IFC Formulation for Industrial Use which 
appeared in 1980 SI JSHE Steam Tables (Japan 
Society of Hechanical Engineers, 1981). 

Feed point pressures reconstructed from 
temperature and water level data which are 
shown in Figs.3, 4 and 5, are shown in Table 
1. Feed points shown in Table 1 are estimated 
mainly from lost circulation records and 
results of the temperature logging. but they 
are not confirmed by logging of f l o w i n g  
velocity, because the tool was not available 
at that time: moreover, any logging is 
practically impossible due to the lack of a 
top valve at the well head. 
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Fig. 4 -0Teiperature and water level build-up 
of H2 after the completion of drilling. The 
temperature data are taken from Takaki and 
Tanaka (1968). Boiling Point for Depth 
corresponds to Run F. 
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Fig. 5 Temperature and water level build-up 
of !I3 after the completion of drilling. The 
temperature data are taken from Takaki and 
Tanaka (1968). Boiling Point f o r  Depth 
corresponds to Run A. 



As seen in Table 1 and Figs.3 and 4, there are 
seven water level data for Hl, three data for 
H2 and two data for H6. These water levels 
built up with standing times corresponding to 
warm up of water column in the well. Feed 
point pressures of the wells based on these 
water levels are closely estimated at each 
wells (Table 1). This indicates that the feed 
point pressures of the wells stabilized in 
very short time and that the estimated 
pressures are reasonably accurate. Thus, 
averaged pressures at the feed points are used 
for further discussion, if there are plural 
number of logging data (Table 1). 

DISCUSSiON 

A relationship between feed point pressures 
and their elevations is shown in Fig.6. As 
seen in Fig.6, the feed point pressures are 
correlated reasonably well with their 
elevations except that of H7. This indicates 
that the feed points of H1, 12, 113, 14 and 16 
have hydraulic communication with each other 
and are included in a single hydrothermal 
convection system. A straight line shown in 
Fig.6 is o b t a i n e d  by the least s q u a r e s  
excluding the datum of 17. Reasons why the 
datum of H7 s c a t t e r s  from the line a r e  
discussed later. 

The feed point pressures at Hatsukawa and 
those at Kakkonda are plotted against their 
elevations in Fig.7. The data at Kakkonda are 
those of KA2, KB3, KC1, KCZ, KC3, KD1, KD3, 
KE1 and KT205 (from unpublished data of Japan 
Hetals and Chemicals Co., Ltd.). As seen in 
Fig. 7, reservoir pressure profile at Hatsukawa 
is parallel to that of Kakkonda, which is a 
well known liquid-dominated system. 

The reservoir pressure profile shown as the 
straight line in Figs.6 and 7 represents 
density of the reservoir fluid. The reservoir 
pressure profiles of Hatsukawa and Kakkonda 
correspond to the densities of saturated hot 
water of 217OC and 2200C, respectively, This 
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RESERVOIR PRESSURE (tan) 

Fig. 6 Feed point pressures at Hatsukawa 
vs. elevations of the feed points. The line 
was obtained by the least squares excluding a 
datum of H7. 
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Fig. 7 Feed point pressures at Hatsukawa 
and Kakkonda vs. elevations of the feed 
points. Lines were obtained by the least 
squares. 

Figs. 8 to 11 represent temperature profiles of 
the longest standing times, saturation 
pressures corresponding to these temperature 
profiles, and the reservoir pressure profile 
estimated from water levels. A s  seen in 
Figs.8 to 11, the reservoir pressure is much 
higher than the s a t u r a t i o n  pressures. 
Estimated temperatures of 900m deep of Hl, 
1 O O O m  deep of H2 and 1100m deep of H3 by a 
modified Horner plot described by Rour et al. 
(19791 are 258. 263 and 252OC. respectively. 

f pure water of these 
49.2 and 41.1 bars 

ey are much lower than 
pressures. Bowever, 

1 pressure of non- 
h as C02, should b e  

as Nakamura, 1967). 

average reservoir temperature was 260°C, and 
u-3 1.w -m DeC 

hot water at the same tine with steam at the 
M - 7  1.m -185 Am 5. 1970 la Zm 1.1 beginning of the discharge (Fig.121, so that 

Jan 20. 1969 ICa 
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S t a t i c  temperature  of t he  longes t  
t i m e s  of HI. s a t u r a t i o n  p r e s s u r e  

c o r r e s p o n d i n g  t o  the t e e p e r a t u r e ,  and t h e  
reservoi r  pressure p r o f i l e  estimated from t h e  
water level  analysis .  
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Fig.9 S t a t i c  temperature  of t h e  longes t  
s t a n d i n g  t i m e s  of H 2 .  s a t u r a t i o n  p r e s s u r e  
c o r r e s p o n d i n g  t o  t h e  t e m p e r a t u r e ,  and t h e  
reservoi r  pressure p r o f i l e  estimated from the 
water leve l  analysis .  

Fig.10 S t a t i c  tempera ture  of the  l o n g e s t  
s t a n d i n g  times of H 3 .  s a t u r a t i o n  p r e s s u r e  
c o r r e s p o n d i n g  t o  t h e  t e m p e r a t u r e ,  and t h e  
reservoi r  pressure p r o f i l e  estimated from the 
water leve l  analysis .  
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Fig.11 S t a t i c  temperature  of the  l o n g e s t  
s t a n d i n g  t i m e s  o f  H 4 ,  s a t u r a t i o n  p r e s s u r e  
c o r r e s p o n d i n g  t o  the t e m p e r a t u r e .  and t h e  
reservoi r  pressure p r o f i l e  e s t i n a t e d  from the 
water level  analysis .  
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through H4 get  c loser  around 30011 to  400m deep 
(Figs.8 t o  11). Considering the p o s s i b i l i t y  
of recovery of the temperature  p r o f i l e  and 
e r r o r  of the extrapolated line, i t  i s  l i k e l y  
tha t  there  ex is ted  a vapor-dominated condition 
which has  a n e a r l y  vapor  s t a t i c  p r e s s u r e  
p r o f i l e  of more than 1OOm thick a t  around 300s 
to  4006 deep  a t  the i n i t i a l  s t a t e .  A f t e r  
I n g e b r i t s e n  and Sorey  ( 1 9 8 8 ) ,  p a r t  of the  
l iqu id  zones j u s t  above and below the vapor- 
dominated zone a r e  two phase  w i t h  r a t h e r  
l i m i t e d  s t e a m  s a t u r a t i o n .  T h u s ,  i t  i s  
cons is ten t  w i t h  r e s u l t s  tha t  ea r ly  explorat ion 
wells encountered steam zone a t  around 3001, 
as descr ibed  above. That i s ,  the model of 
White e t  a l .  (1971) i s  s t i l l  a p p l i c a b l e  t o  
Hatsukawa from a macroscopic point of view. 

Huramatsu (1987)  r e p o r t e d  c o e x i s t e n c e  of 
l i q u i d  and gas inclusions i n  cu t t ings  obtained 
from w e l l s  a t  Hatsukawa. He a l s o  descr ibed  
t h a t  the  i n c l u s i o n s  must have been t rapped 
dur ing  p y r o p h y l l i t e  had been formed. T h i s  
f a c t  seems t o  be i n c o n s i s t e n t  w i t h  r e s u l t s  
d i s c u s s e d  above .  However ,  Sumi ( 1 9 7 2 )  
d e s c r i b e d -  t h a t  g e o t h e r m a l  a c t i v i t y  a t  
Hatsukawa has  r i s e n  and f a l l e n  r e p e a t e d l y  

.. s e v e r a l  t imes and the a c t i v i t y  a t  the  time 
w h e n  p y r o p h y l l i t e  was formed was q u i t e  
v igorous ,  based on a n a l y s i s  of hydrothermal 
rock a l t e r a t i o n .  Be a l s o  d e s c r i b e d  t h a t  
c u r r e n t  g e o t h e r m a l  a c t i v i t y  i s  r a t h e r  low 
compared w i t h  t h a t  a t  t h e  time when 
pyrophyl l i te  was formed. Thus, heat flow a t  
the time when pyrophyl l i te  was formed rust had 
been much more than the cur ren t  one, so t h a t  
the vapor-dominated zone m u s t  had been th icker  
and must had been extended deeper  than the 
c u r r e n t  product ion zone. The gas i n c l u s i o n  
m u s t  have been trapped under such condition. 

As descr ibed  above. t he  r e s e r v o i r  p r e s s u r e  
datum of  H7 s c a t t e r s  f rom t h e  r e s e r v o i r  
pressure p r o f i l e  estimated from another da ta  
( F i g . 6 ) .  There  seems to’ be  two p o s s i b l e  
explanat ions of t h i s  phenomenon. T h e  one i s  
an e f f e c t  of exp lo i t a t ion ,  because the power 
plant  had been operat ing fo r  four  years when 
H7 was d r i l l e d ,  1970, s o  t h a t  the  r e s e r v o i r  
pressure might had decreased s l igh t ly .  

T h e  o t h e r  i s  an unequal t h i c k n e s s  of vapor- 
dominated zone: i t s  thickness might had been 
t h i c k e r  a r o u n d  If7 t h a n  t h a t  a r o u n d  
northeastern wells. T h i s  can be explained by 
i t s  high t e r p e r a f u r e .  H7 recorded 277OC a t  
around the bottom. T h i s  temperature is c l o s e  
to  292OC, a s a t u r a t i o n  temperature  of 76.7 
b a r s ,  which i s  t h e  e s t i r a t e d  f e e d  p o i n t  
p r e s s u r e  a t  t h e  i n i t i a l  s t a t e  f o r  H7 (Table  
1). 17 is  thought t o  be a well which is  one 
of the c loses t  well to  a steam source, because 
i t  has been main ta in ing  high flow r a t e  and 
shows smal l  d e c r e a s e  (Banano e t  a l . ,  1989: 
Banano and S a k a g a a a ,  1 9 9 0 ) .  S a t u r a t i o n  
pressure of pure water of 277OC is 61.3 bars ,  
s o  t h a t  t o t a l  b o i l i n g  p r e s s u r e  of  t he  
r e s e r v o i r  f l u i d  may be around 72 b a r s  b y  
assuming t h a t  t he  p a r t i a l  p r e s s u r e  of non- 
condensable gas is around 11 bars as described 
above.  T h i s  p r e s s u r e  i s  c l o s e  t o  t he  
estimated feed point pressure,  76.7 bars ,  so 
tha t  i t  is poss ib le  tha t  the vapor-dominated 
zone of t h e  s o u t h w e s t e r n  a r e a ,  which i s  
thought to  be c lose  t o  the steam source,  was 
thicker  and extended nearly t o  the production 
zone. 

T h e  two explanat ions described above probably 
in t e rac t  and a f f e c t ,  b u t  the  second one might 
have more a f fec t .  However, no matter what t h e  
reason was, i t  is h i g h l y  probable tha t  most of 
the c u r r e n t  product ion  zone was f i l l e d  w i t h  
s i n g l e  phase l i q u i d  a t  t he  i n i t i a l  s t a t e  of 
the development from a physical point of view 
as described above. Conceptual model of the 
i n i t i a l  s t a t e  of t h e  Hatsukawa g e o t h e r m a l  
reservoi r  discussed above i s  shown i n  Fig.14. 

Donaldson and Grant (1981) had not iced  t h a t  
pressures  a t  Hatsukawa were hydros ta t ic  r a the r  
than vapor cont ro l led  and t h u s  i t  was l i q u i d -  
dominated f i e l d ,  based on t h e  t e m p e r a t u r e  
recovery d a t a  shown i n  Baba e t  a l .  (19701, 
which a r e  t h e  same o n e s  as quoted  i n  t h i s  
report .  

PRoaLEnsIpUsruorEDFoRTBER 
According to  White e t  al .  (1971). the l i q u i d  
zone beneath the vapor-dominated zone should 

Fig.  14 C o n c e p t u a l  
model of  t he  i n i t i a l  
s t a t e  of t he  Hatsukawa 
geothermal  r e s e r v o i r .  
The o r e s s u r e  and  
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be brine, whose chloride concentration is 
high. However, chloride concentration of the 
hot water discharged with steam at the early 
stage of the production at Hatsukawa was 5 to 
15 ngl1 (such as Sumi and Haeda. 1970). This 
value is too low to be thought of as brine, so 
that the hot water should be thought of 
condensate rather than brine. The reason why 
the condensate was distributed at such a 
depth, around lOOOm deep which is much deeper 
than the depth of the estimated vapor- 

- \  dominated zone. 3000 to 4 0 0 1 ,  should be 
. further explained in future. 

CONCLUSION 

(1) The reconstructed feed point pressures 
are correlated closely with their elevations. 
Although most of the wells currently produce 
dry superheated steam, the s l o p e  of the 
pressures is super-hydrostatic and is closely 
similar t o  that of Kakkonda, which is a 
liquid-dominated system. 

(2) The reconstructed feed point pressures 
are much higher than the saturation pressure 
of 26OoC, which is thought to be the average 
reservoir temperature before exploitation. 
Partial pressure of non-condensable gas is 
harmless to this result. 

(3) I t  is highly probable that most of the 
current production zone of the Hatsukawa 
geothermal reservoir, approximately 8001 to 
1300m deep, was filled with compressed liquid 
before the exploitation. However, there is a 
possibility that there existed a vapor- 
dominated condition of more than 100. thick at 
around 3001 to 4001 deep at that time, because 
the initial reservoir pressure at Hatsukawa 
was under-pressured by approximately 10 bars. 

(4) I t  is implied that the reservoir fluid 
flas'hed in fractures in the vicinity of the 
wells, so that most of the wells produced wet 
steam with some hot water at first, then the 
steam gradually became superheated due to the 

(5) T h e  e x i s t e n c e  of low permeability 

of the produced hot water implying condensate 
ned in future. 
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