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EXPLO'UTION 

The Ch-ingshui geothermal  area i s  l o c a t e d  about  20 km southwest  of 
I l a n ,  a c i t y  i n  n o r t h e a s t e r n  Taiwan. This  a r e a  was f i r s t  s e l e c t e d  by 
t h e  Mining Research S e r v i c e  Organiza t ion ,  I n d u s t r i a l  Technology Re- 
s e a r c h  I n s t i t u t e  f o r  reconnaissance  survey of  geothermal  r e s o u r c e s  i n  
1973 by means of  g e o l o g i c a l  and geophys ica lmethods .  A t o t a l  of f i f -  
t e e n  sha l low test w e l l s ,  r anging  from 161 m t o  501 m ,  w e r e  a l s o  d r i l l e d ,  
.pene t ra t ing  a q u i f e r s  wi th  r a t h e r  h i g h  temperatures  of up t o  175OC. 
However, f u r t h e r  e x p l o r a t i o n  h a s  been subsequent ly  undertaken by t h e  
Chinese Petroleum Corporat ion from 1976 t o  e x p l o r e  f o r  a u s a b l e  geo- 
thermal  r e s o u r c e  wi th  g r e a t e r  product ion  f o r  power g e n e r a t i o n .  
now, over  e i g h t  geothermal we l l s ,  CPC-CS-4TY 5T, 9T, 12T, 13T, 14T, 
15T, and 16T, have been d r i l l e d  t o  v a r i o u s  d e p t h s ,  ranging from 1505 m 
t o  3000 m y  having a roughly e s t i m a t e d  thermal water f lowr  t e  of about  
370 tons/hour  under t h e  f lowing p r e s s u r e  of about  8 kg/cm 

Up t o  

9 on t h e  gauge. 

Before or d u r i n g  t h e  d r i l l i n g ,  s e v e r a l  g e o l o g i c a l ,  geophys ica l ,  
and geochemical methods have been conducted by CPC. A r e l i a b l e  geo- 
l o g i c  f e a t u r e  was r e a l i z e d  by g e o l o g i c a l  and g r a v i t y  d a t a ,  w h i l e  a 
geothermal a c t i v i t y  was revea led  by microear thquakes,  r e s i s t i v i t y ,  
temperature  g r a d i e n t s ,  and concent ra ted  mercury d a t a .  

GEOLOGY 

Geologica l ly  , i s  area is  l o c a t e d  t h e  n o r t h e a s t e r n  end 
of t h e  submetamorphic zone, ex tending  n e a r l y  N-S a long  t h e  mountain 
backbone of Taiwan (Fig.  1). The s l i g h t l y  f r a c t u r e d  submetamorphic 

cropping o u t  a l l  over  t h i s  area. This  formation can b e  l i t h o l o g i c a l l y  
d i v i d e d  i n t o  t h r e e  members: t h e  J e n t s e  Member, t h e  Chingshuihu Member, 
and t h e  Kulu Member. 
of metasandstone i n t e r c a l a t e d  i n  s l a t e ,  whi le  t h e  under ly ing  Chingshui- 
hu Member and Kulu Member c o n s i s t  mos t ly  o f  s l a t e .  

* s l a t e  of  t h e  Miocene Lushan Formation is  t h e  predominant rock widely 

4 
Genera l ly ,  t h e  J e n t s e  Member i s  mainly composed 

U. 

The bedding of t h e  Lushan Formation s t r i k e s  approximately NE-SW 
and d i p s  g e n e r a l l y  t o  t h e  SE a t  a n g l e s  from about  35" t o  n e a r l y  ver t i -  

L/ c a l .  Local  o v e r t u r n i n g  is  r e p o r t e d  i n  p l a c e s  near  f a u l t s .  
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Predominant j o i n t s ,  which are almost  a l i g n e d  perpendicular  t o  t h e  
s t r i k e  of  t h e  s t r a t a ,  are found d e n s e l y  developed i n  t h e  sandy J e n t s e  
Member. 

A s o u t h e a s t  d ipping  monocl inal  u n i t  o f  t h e  Lushan Formation, w i t h  
which t h e r e  e x i s t s  a l o c a l  s t e e p l y  d ipping  a n t i c l i n e ,  is  i n  f a u l t  con- 
tact  on  t h e  w e s t  wi th  t h e  compact s h a l y  Kankou Formation, Oligocene i n  
age,  and t h e  massive,  compact b u t  w e l l - f r a c t u r e d  Szuleng Sandstone. 
The monocline is  c u t  i n t e r n a l l y  by numerous t h r u s t  and normal f a u l t s ,  
t r e n d i n g  p r i n c i p a l l y  p a r a l l e l  t o  t h e  bedding (NE-SW) and s l i g h t l y  
curved, w h i l e  a few l o c a l  f a u l t s ,  a l l  normal,  t r e n d  N-S around t h e  
m a n i f e s t a t i o n  a r e a  s i t u a t e d  on t h e  monocline. 

. 

HYDROTHERMAL SYSTEM 

Figure  2 i l l u s t r a t e s  t h e  g e n e r a l i z e d  dynamic model of t h i s  a r e a .  
S ince  no magmatic h e a t  s o u r c e  i s  recognized and t h e  water produced i n  
t h i s  area i s  t h e  so-ca l led  metamorphic water, i t  is  e v i d e n t  t h a t  t h e  
h e a t  a t  sha l low depth  is  obta ined  as a r e s u l t  o f  deep c i r c u l a t i o n  of 
ground w a t e r  a long  f a u l t s  i n  areas of h igh  h e a t  f low.  
may be r e l a t e d  t o  a t h i n  c r u s t a l  l a y e r  o r  t o  m e l t i n g ,  beginning  a t  
depth  a long  a descending s l a b  of a p l a t e  boundary. 
and conduct ive  h e a t  t r a n s f e r s  were p o s s i b l e  i n  t h i s  area. 

High h e a t  f low 

Both convec t ive  

The p o s s i b l e  model of t h e  geothermal system may be water moving 
i n  t h e  J e n t s e  Member up-dip from t h e  s o u t h e a s t  a long  t h e  t h r u s t  
f a u l t s ;  and from t h e  s o u t h  and s o u t h e a s t  a long  t h e  normal f a u l t  (Fig.  
2 1 ,  o r  water moving w i t h i n  a more permeable sandy u n i t  benea th  t h e  J e n t s e  
Member. Leakages t o  t h e  s u r f a c e  occur  where n e a r  ver t ica l  normal 
f a u l t s  i n t e r s e c t  t h e s e  sandy u n i t s  of ' the o t h e r w i s e  s l a t y  format ion .  
Cap rock  i s  formed by t h e  s l a t y  u n i t s  and perhaps l o c a l l y  by cemented 
f a u l t s .  

A v a i l a b l e  subsur face  d a t a  i n d i c a t e  t h a t  thermal  water product ion  
i n  t h i s  area i s  l a r g e l y  from t h e  f r a c t u r e  zone i n  t h e  J e n t s e  Member, 
which i s  e v i d e n t l y  c o n t r o l l e d  by t h e  predominant j o i n t s  and act ive 
f a u l t s .  

Sur face  meteor ic  water recharge  may come from t h e  two d i f f e r e n t  
s i d e s  of t h i s  area: t h e  northwest  and t h e  s o u t h e a s t  (Fig.  2 ) .  The 
former may occur a long t h e  wes tern  a d j a c e n t  area which i s  c h a r a c t e r i z e d  
by a w e l l - f r a c t u r e d  Szuleng Sandstone of high p o r o s i t y  and permea- 
b i l i t y  w i t h  a f a u l t  as w e l l  as a h i g h e r  h y d r a u l i c  g r a d i e n t  due t o  high 
e l e v a t i o n .  The l a t t e r  may occur  a long  t h e  e a s t e r n  a d j a c e n t  a r e a ,  which 
i s  c h a r a c t e r i z e d  by t h e  h i g h l y  deformed s t r a t a  of h i g h  p e r m e a b i l i t y ,  as 
w e l l  as by t h e  h i g h  e l e v a t i o n  w i t h  a h igh  h y d r a u l i c  g r a d i e n t .  

t 

DRILLING @ 

Due t o  t h e  l i m i t a t i o n  f o r  s e l e c t i n g  s u i t a b l e  w e l l  s i t e s  i n  an area * of v e r y  rugged t e r r a i n ,  a l l  t h e  deep geothermal wells were l o c a t e d  
a long  t h e  Chingshui River, a l o n g i t u d i n a l l y  running r i v e r  bed,  which is  
a l s o  t h e  main geothermal m a n i f e s t a t i o n  a r e a  where d r i l l i n g  r i g s  could LJ 



-271- 

3 

* 

P 
I 

b e  set .  Except f o r  t h e  CPC-CS-15T w e l l ,  which is  an  e x p l o r a t o r y  w e l l  
d r i l l e d  beyond t h e  sandy J e n t s e  Member, a l l  t h e  product ion  w e l l s ,  
CPC-CS-4T, 5T, 9T, 12T, 13T, 14T, and 16T, were concent ra ted  most ly  
a t  two s u i t a b l e  si tes about  500 m a p a r t  around t h e  m a n i f e s t a t i o n  area. 
Both v e r t i c a l  and d i r e c t i o n a l  wells were designed f o r  p e n e t r a t i n g  t h e  
major f r a c t u r e  zone i n  t h e  J e n t s e  Member a t  t h e  d i f f e r e n t  p o s i t i o n .  
S e l e c t e d  d a t a  r e l a t i n g  t o  t h e  deep geothermal w e l l s  are shown i n  
Table  1. 

TABLE 1: WELL DATA OF THE CHI&$HUI AREA- 

Well No. 4T 5T . 9T 12T 13T 14T 15T 16T 

E l e v a t i o n  (m) 257.95 269.54 260.67 260.67 269.54 281.50 220.5 272'.58 

Completion Data 
(m> 

T o t a l  Depth 1505 2005 2079 2003 2020 2003 2138 3000 
Shoe of L i n e r  1503 1998 2074 1998 2015 1995 2990 
Shoe of 9-518" 539 555 539 1097 574 1000 906 
Liner  Hanger 498 493 490 1048 505 947 830 
Temperature 

a t  TD ("C) 2 0 1  220 205 223 219 215 148.7 225 

Remarks: Well No. 15T i s  nonproduct ive.  

,P 
a- 

A s  t h e  subsur face  f r a c t u r e  of thermal  f l u i d  r e s e r v o i r s  might have re- 
s u l t e d  from well-developed j o i n t s  o r  f a u l t s ,  t h e  h o l e  d e v i a t i o n  of t h e  
deep w e l l s  d r i l l e d  i n  t h e  J e n t s e  Member, whether designed as a d i r e c t i o n a l  
w e l l  o r  n o t ,  are i n c l i n e d  w i t h  a r a t h e r  h i g h  a n g l e  up t o  35", and a l l  are 
d e v i a t e d  almost  p a r a l l e l  t o  t h e  j o i n t s  e x i s t i n g  a t  t h e  s u r f a c e .  Fur ther -  
more, some h o l e s  which have produced a g r e a t e r  amount of h o t  water changed 
t h e i r  d e v i a t i o n s  a b r u p t l y ,  each a t  a c e r t a i n  d e p t h ,  and t u r n  back i n  
d i r e c t i o n  w i t h  a loss of mud c i r c u l a t i o n  when a recognizable  r e s e r v o i r  
zone h a s  been encountered.  

Bentoni te  s l u r r y  t r e a t e d  w e l i g n o s u l f o n a t e  chemical was 
used f o r  d r i l l i n g  c i r c u l a t i o n .  e n t i n g  t h e  h o l e  from caving ,  t h e  
mud always m a i n t a i n s  proper  p r o p e r t i e s  w i t h  a weight of 1.10 t o  1 .25  i n  
s p e c i f i c  g r a v i t y  and 40 seconds i n  Marsh f u n n e l  v i s c o s i t y .  
of c i r c u l a t i o n  has  occurred when a major f r a c t u r e  zone h a s  been pene- 

t o  r e p l a c e  t h e  mud € o r  w e l l  

Heavy l o s s  

'5- t r a t e d  d u r i n g  d r i l l i n g .  Fresh  water w i n a l l y  i n j e c t e d  i n t o  t h e  w e l l  

4 

Q. 4-1/2 i n .  s l o t t e d  l i n e r .  The depth  t h e  s l o t t e d  l i n e r  hanger v a r i e d  

The c a s i n g  program of t h e  product ion wells i s  20 i n .  conductor ,  
13-318 i n .  s u r f a c e  c a s i n g ,  9-5/8 i n .  product ion c a s i n g ,  and 7 i n .  o r  

from 490 t o  1048 m ,  depending upon t 
d u c t i o n  zone, w h i l e  t h e  l e n g t h  o f  t h e  l i n e r  f o r  each w e l l  v a r i e d  from 
950 t o  2160 m .  

depth  of t h e  h igh  temperature  pro- 

Cementing h a s  been done f o r  t h e  conductor ,  s u r f a c e ,  and 
U product ion  c a s i n g s .  
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Temperature measurements of 8, 24, 48, and 72 hours in standing 
time were run for about every 500 m being drilled in each well for . 
evaluating the original formation temperature in the well, as well as 
for determining the effective casing program of the production casing 
and slotted liner. In  addition, both ES and LL7 electrical loggings , 

have also been run for'each well before setting casing for identifying 
the accurate depth and thickness of the production zone. The fracture 
identification logging (FIL) has been applied to several wells in this 
area with reasonable results. 

INITIAL WELL PERFORMANCE 

A large-scale and detailed well testing has been undertaken since 
early 1979, which includes well production rates and wellstream enthalpy 
measurements, pressure transient tests for drawdowns and buildups on 
wells of CPC-CS-4TY 5T, 13T, 14T, and 16T. In addition, temperature and 
pressure-depth survey, noncondensable gas content analysis, and inter- 
ference testing were also performed. 

Pressure transient data measured in producing and shut-in wells 
indicated: (1) the formation behaves like a homogeneous formation, (2) 
the flow conductivity of the formation is in the range of 2.4 to 3 darcy- 
meters (8,000 to 10,000 millidarcy-ft), (3) all wells have large posi- 
tive skin effects of about 42, indicating serious damage, (4) the flow 
efficiencies average at 0.18, indicating the wells produce only 18% of 
the theoretical maximum for an ideal well, and (5) there is no apparent 
decline in average system pressure on production, indicating recharge 
and/or a large system size. 

Important interference tests were performed which indicated an 
average flow conductivity of 3 . 7  darcy-meters (12,000 millidarcy-ft) and 
a porosity-thickness product of 600 m (2000 ft). The porosity-thickness 
product can be converted into estimates of the mass of hot water per 
unit area, or the equivalent power which can be installed for 35 years 
of life. 

i- 

Q 

-f 
s 

1 

A study of the noncondensable gas indicated that the formation 
liquid water is essentially saturated with carbon dioxide, or slightly 
undersaturated. This seems to indicate that water from deeper wells 
may contain even higher amounts of noncondensables, and that it will be 
necessary to handle noncondensables when power generation is started, 
assuming success in future developments. 

Another interesting result concerned temperature-depth data. Only U 

other wells, 4T, 5T, 13T, and 16T, do not. The temperature of the pro- 9 

in enthalpy of wellstream at high producing 

well 14T shows normal temperature-depth behavior on production. Four 

duced fluids drops with increasing production rate, indicating a drop 

indicate that as flowrate increases and well pressure drops, colder fluid 
enters the well in some manner and blends with the hot water. In well 4T, 
the cold water enters at a depth of 700 to 800 m, In well 13T, there are 
many cold water entry points from 1400 m toward 574 my the shoe depth of 
cemented 9-5/8 in. casing. There also appear to be many points of cold 
water entry between 1000 to 2000 m in well 16T. 

rates. This appears to 
4 

4 

LJ 
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. The most obvious reason f o r  cold water e n t r y  with reduced wellbore 
pressure  would be  a poor cement bond t o  the  cas ing .  This would al low 
colder  water (from formations near  t he  sur face)  t o  dunpflood t h e  w e l l .  
An inspec t ion  of cement logs  d id  i n d i c a t e  a number of poor cement bonds. 

Anotherxeason f o r  cold water e n t r y  would be t h a t  t h e r e  i s  no good 
cap rock on top of t h e  geothermal r e se rvo i r .  
along t h e  bank of t h e  ChingshuCJt5yer.- Thus i t  is  also i n f e r r e d  t h a t  tile 
f a l l  i n  temperature could be eaused by-’a v e r t i c a l  f r a c t u r e  inf low of cold 
water somewhere beneath the  r i v e r  bed. 

Most w e l l s  d r i l l e d  are 

PLAN FOR FUTURE EXPLORATION AND DEVELOPMENT 

D r i l l i n g  f l u i d  w i l l  be  changed from Bentonite s l u r r y  mud i n t o  f r e s h  
water f o r  f u t u r e  opera t ion .  Well completions are a l s o  under s tudy t o  
f ind  ways t o  avoid t h e  l a r g e  s k i n  e f f e c t s  and thus avoid w e l l  damage. 
more c a r e f u l  c o r r e l a t i o n  of cement bond log  r e s u l t s  may i n d i c a t e  the  
reasons f o r  t h e  cold water e n t r i e s ,  and poss ib l e  remedial work. 

A 

Figure 1 is a geologica l  map of t he  Chingsfiuigeothermal d i s t r i c t  of 
no r theas t e rn  Taiwan. 
assoc ia ted  geothermal w e l l s  a t  Tuchang and Chingshui. There are ho t  sp r ings  
and fumaroles a t  both p laces .  Also shown is a f a u l t  system a t  Sanshing, 
where t h e r e  are no su r face  s i g n s  of heat--no hot  spr ings  o r  fumaroles. 
A new w e l l  i s  under d r i l l i n g  a t  Hanhsi, Sanshing t o  t es t  the  p o s s i b i l i t y  
of ho t  water a t  depth. 

Shown on the  map are seve ra l  f a u l t  systems and 

It i s  n a t u r a l  t o  th ink  t h a t  f r a c t u r e s  e x i s t  only ad jacent  t o  f a u l t s .  , 

Actual ly ,  t he  e n t i r e  band from Tuchang t o  Sanshing, and even beyond, could 
be a l a r g e  geothermal f r a c t u r e  po ros i ty  r e s e r v o i r .  A l l  w e l l  t e s t  d a t a  in-  
spected i n  t h i s  s tudy resemble homogeneous r e s e r v o i r  da t a .  
drainage l i m i t s  were evident  i n  the  da ta .  Chingshui could be a very l a r g e  
system. 
out  w e l l s  normal t o  t h e  f a u l t s  a t  Chingshui For t h i s  reason, more geo- 
thermal we l l s  will be d r i l l e d  along the  band f o r  a s tud ied  t r i a l  t o  ex- 
p l o i t  g r e a t e r  production f o r  power generat ion i n  the  very near  fu tu re .  

No nearby 

Thus i t  appears t h a t  i t  i s  worthwhile t o  consider  d r i l l i n g  s tep-  
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F I G .  1: GENERALIZED GEOLOGIC MAP OF THE CHINGSHUI  G E O T H E W  AREA 
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F I G .  2 :  SCHEXATIC DIAGRAM OF T H E  INFERRED HYDROLOGIC FEP.TUR.ES OF THE 

C H I N G S H U I  H Y D R O T H E m W  SYSTEM 




