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Staaford Vniverrity 

- llasTRAeT LarQrello atad Thc Geysers, a l l  of these fields 
ate U w d  dominated, w i t h  producing stea81/water 

Reinjection of water into fractured geothexmal ratios between 112 urd lr6. 
r e s e m i r e  holds potential both for improvement geotherma3 utilization represents the most 
and degradation of total energy recovery. me re- difffcplt  configuration for  niajcetion, since 
placement of reservoir f luid caa *an support of the quantity of hot water to ix? disposed of $6 
r e t e r n i t  pressures and also more efficient thee greater than those of akam-daminated geothermal 
m a l  energy fecovery, but at the same time the ot coarontfonal thennal generation systems. 
premature invasion of reinjected uater back into Since almost a l l  of the future p1-d geothermal 
production w e l l s  through high permeability frac- ut i l i ta t ions w i l l  be of the li,quid-doainated type, 
tures can reduce discharge enthalpy and hence it is of majot importance te evaltlata euzrent 
deliverability and useful energy output. Za- experience in reiajection in #is tvpc of system. 
creases in reservoir pressuto and maintenance of For acample, power stations under construction or 
field output have been o b t e m d  in ogerating planning w i t h  definite colmnftments +o reinject 
fields, but unfortunatrly so too have premature waste water indude l e k  in Califorah; l’ongoaan 
thermal breakthroughs. The design o f  reinjection in the Philippines; amadlinds in toeor Zealand; 
schemes, therefore, requires careful imrestiga- and Wigorikawa in Japan. In  addition, reinjection 
tion fato the l ikely effects, using field cxperi- hkh been suggested for existing power stations at 
mentation. T h i s  paper aumarizes field experience Cenco Prieto ,  in Ue%ico, Tiwi.  in the Philippitaes, 
with reinjection around the wr ld ,  with the inten- and Wairakei, in New Zealand. 
tion of elucidating charactericrtfcs of possible 
problems. The results summarized in t h i s  paper Xa t a m s  of its principal mfc as a maas of 
fall into three cateporics of interest2 penue- waste disposal, reinjection Irr clearly a greater 
abil i ty changes due to  injection (both increaser problem when the quantity of wter t o  be rein- 
and decreases have been obsen?ed)r the path jetted (relative to the useful steam produced) is 
followed by injected water (as indicated by tracer laryer. However, there are additional. constraints 
tests); and the thumal and hydraulic influences ok the physical characterieeier sf the tajoeted 
of injection on the reinjection well i tself  and water. Due to  dissolved to l i e  Uepsition effects, 
on surrounding producers. the temperatute of the injected wawr is a criti- 

cal parameter. Thus, the evaluatioa of a rein- 
INTRoWCmON jection scheme needs t o  consider the qrrality, 

temperature, and chemical nature of the water to 
Reinjection of water ia to  geothermal reserooira be injected, 
during utilization la  fatended t o  aerve the dual 
purposes of waste mter disposal and improved re- benefits of reinjection to tke rea- 
source recovery. Ia order to correctly apportion +*voir i tsel f  &re usually attribu2ed to the 
importance between these tw pmpsezr, it Should maintenance of zeservoir pessure urd mass of 
be noted that a s e m i t  maintenance by reinjection f luid ia place. Ia theory, ~intainiag high 
is a controversial subject and in actual field seserpott prestaes aad MSS in place should re- 
cases 50 a t e ,  wter has been reinjected solely Qtce the cffecta of loss of deliverability, and 
far disposal purposes. Reinjection is a method of also those of subsiUence or  formtion collapse. 
water disposal a t  the present time, and considera- X a  practice, it has not prwrd U f i c u l t  to keep 
tion of resmir  aaafntenance by reinfection is the xesenmit pressures and total dfschatge high; 
largely restricted to the avoidance of dettkoen- however, it is now evident that it is important 
tal effects. not t o  reduce discharge anthal by reinjection, 

since if this bppens, c r d c m s  rates w i l l  
Commercial scale reinjection in geothermal power decline. In fact, =cent expetience reported 
plants has &eo practiced a t  The Geysers, Ektt here suggests the imintenanec of discharge 
Mesa and Brawley, California; Nwachapan, El enthalpy is a t  least  as Lnpoptant as maintaining 
Salvador; xak Ban, Phflippines; Larderello, Italy8 reserpoir pressure. aside from the losa i a  steam 
and in the five Japanese fieldor Otake, Onuma, production, long-team experiewe a t  Uairakei 
Onikobe, Hatchobaru, and lcakkwrda. Except for indicates total groduction also reduces w i t h  

The liquiddaminated 

~- 
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decreasing discharge CntWpy b e  to tEe incrccastng 
hydmshtic  pressure of the fluid in the w e l l ,  even 
though the rbservoit pressuse at Wairakai Zs ll~y 
dlmost constant (Thain, 1981). 

Thia paper examines recent uperitnce of reinjer 
Uon throughout the uorld. 
collect a l l  relevant i d m a t b n  to a t t i ap t  to de- 
tenaine vhi& fCelds have expezfanced bcreaser in 
production due to refnfect%on md wMch have ex- 
perienced production declines. Za malting mch a 
snnmarya it L suggested tRat the aature and u- 
tent of testrvofr fraa;utiay most significantly 
affect$ the outcome of a reinjection schemc. 
Furthemom. there appeara to be a direct correla- 
tion between rate of tracer return during tracer 
injection tests and prrbseqpent performance of re- 
injection achemes. accord5nglyr experience with 
tracer testing in the M a e  geothermal fields is 
also s-ited. 

Geothezmal fields examined in this paper include 
several liqui4 damhated fields around tSe world. 
These include ftve fields in  Japan (ObRe, Onma, 
O n i k o b e ,  liatchohuo, and lUWmnda1, Ahuachapan 
i n  E l  Salvador, Tongonan in the Philippines and, 
Wairakei and Broadlands in Nev Zealand. 

Large scale reinjection has also W e n  place into 
the vapordaminated fields a t  tbc Geysers tn 
California and Larderello in 1-y. Bowever. 
since the results proved somewhat different from 
those in t h e  Liquid-dominated f ie lds  they have 
been held over far a separate paper. 

This pager w i l l  reek the answers to  three most 
important questions in reinjection design: 

The W s e  $8 to 

(a) Can injectivity be maintained? 
(b) 
(c) 

Where does the injected water go? 
What are the affects on the injection 
well i tself  md on sutrounaing pro- 
duciag wells? 

NEW Z E A L m  

SnjecUon af water in- newly dril led geothermal 
weUs is standard pmcedure completion 
testing in New gealand. Bowever since 1971, lung 
and medium term lnjecUon tests have been eattied 
out at  Broadlands a8 part of the developaent 
design for teinjection for the plannea Ohaki power 
station. %a addition, several rsclls at Wairakei 
have experience4 a UovnfLow of colder water froin 
shallover to deeper fetd Bepths witbin the weL1- 
tore and have thus coattieoted an ‘acci&ntdL” 
injection test. 

Injection has taken phce h ? O  We116 BR7, 13, 23, 
20, 30, 33 and 34 8tZJroadlands and the downflew- 
ing wells i n  Wairakei were WKBO, 101, and 107. 
Xn a11 cases a t  Broadlands except B m ,  irrjectivity 
increased w i t h  time - QZQ~Z&IY due to thezmal 
contraction of the fissured rock. 
s t a t i c  fozmation pressure 3.0 f e l l  with injectSon, 
pmbably due to injection of coo lu  vater tat0 the 
two-phase seservofr. 

In SR7 urd 28 

Tracer rrtrrtns have shown 

the injected fluid in both &oadlands anQ W a i r a -  
k e i  to migrate wer long distances due to the 
fractured nature of the reservoirs. Tht tracer 
ptovement &so seems to be slightly dowmPard; 
howevert since only d l  pcrcenhges of the 
tracers were ever recovered fn any of the testa, 
it io not clear exactly where the injected water 
is going. 

Broadlands 

B r w u U n d s  (Ohakfl geothemal field vas dril led 
extensively in the late sixties, a s d a q e d  
€or three years uatil 1973 and then shut in. 
Since that  time, p l i t i e a l  urd technical deci- 
aions concerning its developent have been 
more ot less continuously discussed. Rcinjee- 
t ion i s  one of the praninent technical qucs- 
tlons a t  Broadlands since t h e  f i e ld  is 
biaectmd by the Waikato River which has a mean 
water l tvel  ozly a few aetera bclow its banks 
(see Figure 1). Consequently any subsidence 
would cause the river M flood or perhaps even 
change k t s  -$e. The question as t o  where 
to reinject has not as yet been resolved and 
8everal differeat methods have been tried,  
inclu4ing injection Lnto the f i e ld  i tself  and 
injection outside the f i e ld  in to  cold ground. 

Figure 1. Map of Emadlandd (ahaki) Ccothennal 
Area 

Each has i t p  difficulties; injectSon into cold 
ground brings problems vith aULca depsitiolr 
in surface equipuent, wellbore and formation 
an4 injection of cooler water in- the tvo- 
phase reservoit carries the r i sk  of reducing 
pressures due Co a t e m  collapse. Broadlands 
L two-phase largely because of i t s  high awn- 
condensible gas content (Grant, 1973 and the 
results of reinjection cxperbients here w i l l  
be of interest to other two-phase reaenroirs 
in  the  world. 
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The course of the fnjected water was determined 
to some extent by tracer testing. second 
injection of U O  tonnesfiour of 160 C ~ a t e r  in 
1980, Iodine-131 -S injected into B W  .nd 
wells BRl9, 20 and 23 w e r e  moonitored. 
was recovered in BR23 but not in 19 QT 20, 
despite the fact  t h a t  U, 19, 20 and 23 are 
known to  be in good pres- communication 
(McCabe, B z u ~ y  and Manning, 1981). 
on fu l l  discbarge dura9 the test US0 tonnes/ 
but) supplying the vater +o BRl3 bpt 6tiU 
did aot Snduce A flow underground f m  B a a .  
BR20 and 23 were originally o d y  on bleed 
Sows ( a r o u a d  1 lonnc/hour) but bR23 was 
opened to 47 tonnes/hour on the seventh day of 
injection when the bleed rate began t o  f a l l  
off. Tracer had already been retrieved a t  
BR23 on the t i f t h  day, peak arr ival  times indi- 
cate 8 rtansit speed O f  amrtnd 0.4 m/hour. 
Eventnall) 6% of the tracer waa recovered a t  
BR23 although this figure may bve been differ- 
ent had the flaw rate not been changed. BR23 
feeds in the same Rangitaiki Xgnimlxite &s 
B R U ,  BR20 feeds in the next higher f ~ ~ t i O n  
(the aautavir i  Breccia) and BRI.9 feeds in bath 
the Eurtavfri Breccia and the mch higher 
Waiota €ennation. 

Zn March 1981 sfrtty-six tames (i.e., two 
wellbore volumes) of cold river water were 

tracer was retrznred to either ERI.9, 20 01 23 in 
the thtzty days of monitoting. X t  seems evi- 
dent then that the flow between 13 and 23 kr 
the 1980 test was a result  of the reinjecti6n 
and mt  a natural f l o w  within the reservoir. 

Tracer 

BRl9 was 

injected hto B m  With 8 tracer Slug, but IIO 

After injection the well uas allowed t o  warm- 
up before discharge. &s in BR7, the Mthalpy 
of 8- was still depressed even af ter  the 
warm-up, indicating a thermal dtavdovn of the 
reservois in  the vicinity of the well due to 
the reinjection. 
served on the surrounding producers - #e 
decline in pmduction of BRt3 mentioned W e  

There were no effect6 ob- 

production. Injection then rasinnad. injecti- 
r i t y  was below its previous high, but 
its ear lke t r t  value, and again increased. 
This is shown L! figure Al.18 of Grant, 
Donaldson and Bixley (1982). 

soa 

I 
L 10. 1 

Cumulative injection. tonnes 

There were never MY tracer t e s t s  Wf0-d 
a t  ER23 and therefore it i s  not knowr where 
t h e  injected w a t e r  went. 
observations of traeer ret- to aRi3 from 
injection into BR13. it would be very inter- 
esting t o  see if the reverse flow occurred. 
BR23 was able to dltchaxge again after a -0 
month period of warm-up, although a t  a re- 
dueed enthalpy - 111OkJ/kg compared t~ its 
OrSginal enthalpy of 1320 W/kg. The cnthcl- 
py rose to 1190 kJ/kg after two weeks of dis- 
ehame (Grant 198Oa). After a second 

Considering the 

inj&en the lenthllpy was reduced to 1030 
W/kg in subsequent bitcharge. appears nut-to be attr&butab&e-fo-a .coolfng ~ f - ~ - ~ -  .- * *I 

its inflow. 

BR28 

3RZ8 i s  abaut llOO!n deep and. io a hra-phase 
produce& 
Lnjected between January and Ekvch Or 1980. 
Thc stable kwnholt pressure f e l l  auting injac- 
tka (see Fig. 5) and contimed to -1 with 
Sajrction shut dawn (Grant 198Ob). As ia BR7 
t h i s  seems due to the injection of cooler watez 
iato two-phase conditions, collapsing stem 

1o-e-131 tracer was p jec t ed  iato BR28 with 
140 tonne$/hour of 160 C water from BR3S in 
November 8910. A small return was received a t  
BR2S on the rbth day indicating a sped of 
owement 0.8 @tour. lpo returns were meas-d 
in BR3S or in any o t h e r  monitored w e l l .  

- 8R23 

BR23 is a deep two-phase production well of 
around 10- depth and is similar to BRl3. 
Spinner ~ v e y s  during injection show that  a l l  
inject& water is lost  bclav loo@, close t o  
the b o t t 5  of the bale, fnto ghe m i t a i k i  
x p n m i t e ,  rtr June 1979, 98 C M+er VILS 
injected into 8R23 for ane week at around 
150 tonnesfiour. F o w  pressure t ransienU and hence lovering the prestute. 
were carried out af ter  le 4 *  6 and 7 day+ 
(Grant 1879b). The i n  jectivity determined 
frau these t e s t s  i s  plotted in Figure 4, and 
i s  seen to  increase with increasing injection. 
It seems that  this  increase in injectivity 
as a result of the opening of  fractures due 
t o  the injection. The w e l l  was l e f t  t o  warm- 
up after injection and then produced1 produc- 
t ivi ty  was higher than before but f e l l  during 

- 
155 tonnes/ha9r of lSS°C water were 



BR28 is the only well in New Zealand which has 
been discharged LFmnedlately after injection, 
The discharge enthalpy was initially that of 
the injected w a t e r ,  urd slowly increased. 

t a s 44[1 

LI 
I 

a 
41 I I 

1 3 10 30 1 
Days injecting 

Figure Jr Resemit pressure as a function of 
days of injection for BR28, from =ant (1980b) 

BR30 

BR30 was dril led In December 1975 and is gen- 
erally l i s t ed  as non-pro&ctive, although it 
CUI discharye at  low enthalpy (930-980 kJ/kgl. 
In august of 1980 a stimulation experiment was 
carried out by Ministry of Works and Develop- 
ment i n  which 300 tonner/hour of cald water 
were PISmped for abwt t w ~  weeks. Permeability 
Clnjectivityl was found to increase rxponen- 
t l a l l y  wLth inereaslag pressure (Grant, 1981a). 
A t  small flows t)le permeability-thickness pro- 

- 

BR33 was dril led to 365x3 as an axperiment8l 
shallow injection well in the center of the 
field. A reinjection scheme was m n  for  six 
wnths in 1977 in  which 300 tonnes/boor af 
water from B F U  MI discharged to a p n d  urd 
subsequently pumped bit0 BR33 at 80 C. 

In thy of 1977, Iodine-131 tracer vas injected 
into 8-3 md wells B P l l  and BR8 were ma- 
tored. Tracer was detected h ioth wells. 
Travel time batweeen BR33 and B F l l  was two 
days to the f i r s t  appcuance and eQht  days to 
the peak. g l o w  aoean +tansit speed of 0.1 
m/hour. Twelve percent Q€ the tracer was 
recovered at BRU (HcCabe, Barry and Manning 
19811. FiV@ percent of the tracer was se- 
covered a t  BR8, 6lthough the peak arrival was 
not -til around 35 &ye, 
rates are unusually large eompared to moot of 
the other tests in  New Zealand (although aot 
8s large as same obserued in Japan - Eforna, 
19821, and d d  indicate a eendency for cold 
reinjected water te rMr - BRl1  ir cased to  
50Om and is only 7% laterally separated fran 
~ ~ 3 3 .  A t  tho same t b e ,  an earlier test fn 
1974 in which tracer was tnjtcted into BRU. 
and detected in BRE without either vel1 flow- * indicatedevery similar t ransi t  times. 
The tracer response during the BR33 test could 
therefore be affected by a natural f l o w  within 
the reservoir, 

The.12S tracer recovery at Brcll  also hdlcates 
that 12% of the 300 tonnes/hour produced 
from B R l l  originated a t  BR33 (thir  water was. 
o f  course. originally from B R l l  aad was pus 
recycled). 
and had l i t t le  gas and hlgher chloride than 
the 245OC water produced otigin&lly from B e l .  
Surprisingly, there were ho changes observed 
in the enthalpy or ehemi- of the BR11 dis- 

These recuvezy 

The injected water was at $0 C 

duct yds r-ut 0.1.9.3 6- 
hour it Increased t o w e r  10 d-m. The increase 
was found to-be reversible, h , , i t l r c n L  _-  - reservoit, but the lack of chemical vari8tion 

away with reduction in pump essure. This is unexplained. 
injectivity increase, therefore, seems differ- 
ent from those of BRl3 and 23 which .re 
themally tather than hydraulically produce& 

A second test was carried out starting in 
Febrwrp of 1981 in w h i p  water  from BR35 
was injected at DO-180 C 
a period of months although sates wert changed 
htween 100 and 200 toanes/hoot. The injecti- 
vity/pressure dependence observed in the Cord 
water t e s t s  was essentlally reproduced (Grant, 
1981bl , 

ZodIne-131 tracer vas injected into 
Hatch 1981, and wells SFt25, 27, 28 and Sf weze 
monitored fo r  five weeks. No tracer was de- 
tected at  any of them. 

a ~ 4 f j O + ~ ~ $ / - - - - - - - -  charge CGr+1982a)-.-.l%i-nater ir-presum--- --- -- -- 
ably reheated as It passes through the 

BR34 

BR34 was drilled in 1978 as an urper3mnt.l 
shallow, cold. peripheral xetnjection w e l l  and 
at the time of tha krjestion tests was 40- 
deep. W a t e r  from BR2 was separated a t  atmo- 
spheric pressure, but not exposed to the rlt, 
and piped through M uninwlated s i p e l h e  
marly one (1) kni long to 8R34, Tu0 400111 &ep 
BlbU-hOf4! monitor wells were dri l led C l o s e  to 
BR348 BRMP &B 4Sm to thc and BRM4 i.8 7- 
to the sougheast. 
roughly 50 C a t  a rate of 160 tonnes/hout fnto 
8-4 for  several months. 

Quite different to the other reinjection tests. 
fnjectivity a t  B W  declined spectacriluly, 
and permeability of BRM2 and 3RH8 6lso de- 

7 

Water was injected at  
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dined. 
the BR34 vellbore md also far out into the 
formation. 
at  the other sites &spite the injected water 
also being supersaturated w i t h  silica in most 
of the other testa fs pm-y due to the fact  
that injected Mter was reheated in time to 
prevent precipitation in the other tests (rJ1 
of which were into high temperature formations). 

Tracer injection into BR34 in December 1978 
traveled at  0.6 ra/ht to BRn 2 urd 1.2 m/ht to 
8RM4. Although only .bout 4% o f  the tracer 
mat remered, it is estimated that 75% of the 
water air l i f ted fm BRMZ and 508 of that from 
BRM4 originated from 9134 (HcCirk, Barry and 

Clearly silica was deposited within 

That this occurred at  BR34 and not 

Manning, 1981). 

There were no thermal effects obswzed in the 
BIu4 test since the injected water and forma- 
tion were both cold. 

I I 

Ffgure 6: 
section of Wairakei. from #tcaba, Barry an4 

Tracer returns in M e  waiora W ~ C Y  

Wairakei mim- wee) 

In 1982, the f i r s t  reinjection tests ham been 
performed a t  Uairakei. w i t h  water from -8 
being injected into -20. 
unintentional injection at Wairakci has been 
takiag place for sama time. 
duction Ln U g t O l  10%. 6 shows w e l l  locations) 
ceased after a dwnflow fmm a shallow feed 
zone at  36m (just  belov +e eating shoe) to 
a deeper feed zone at 6OOm depth-----. - - 
ceased production i n  1976 urd a downflow of 
160 C water was measured by spinner a t  a rate 
of 300 tannes/hour. 
steam from around 30Om depth but has a dovn- 
flow of 175 C water from 3fbm deptb to 60Om 
depth. Other wells in the northwest corner 
have failed similarly over the y e u s  8nd have 
been grouted up. 

Extensive tracer testing Ln WlUOl, 107 and 80 
was carried mzt ILn 3978,8nd-.l929 - (McCabe , - _-__ 
Barry and phnning, 1980, 1981). Ta the three 
wKl07 tes ts ,  the two deeper wells w924 m d  
a 4 8  rapidly returned 3.7% and 1.38 of the 
tracer respectioexy, with transit speeds of 
22 m/hr and 7 8Vhr respectively. The other 
vells monitored (61, 70, 68, 30, 83, 81, 55 
and 108) showed returns between 0.1 and 0.3% 

results are suaaaarieed &n Figure 6 ftom 
?!&a&, Barry and Manning 11981) , together 
with the WKLDl  snd WK80 results. The results 
were reproduced over all t k e n  MClQ7 tracer 
injections (for those wells tested each the) 
including the third t e s t  which used Bromine- 
82 isotope instead of the Iodine-131 used in 
a l l  others. Flgnre 7 from M e c a b ,  Barry and 
m i n g  (1981) shows the -4 results for  two 
of the tests. 

Bowcoer, some 

In 1969, pro- 

e 

ir 

WK80 still probhrcea 

I 

- . - 
I 

, I 
1 

, w i t h  transit speeds around 1 e. These I ---- 
I 

0 

Figure 7: 

w i t h  1-131 and the other w i t h  Ir-82, from 
-be, Barry md Manning (1981) 

Tracer concentrations a t  WK24 due e0 
, injection into -07. Tim SepaX8k t e s t s  u a  

s 

I 
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In 1980 MU07 w a s  uurked mer arid the offending 
upper feed tone was ruccessfully sealed off. 
Sufprtringly, af ter  f o y  years of accepting 
300 tonnes/hour of 160 C water, the well again 
produced at  its earlier tanperature. There i s  
come evidence (Grant 1982b) that wIc48 axpsi-  
enced M enthalpy at4p of around 40 kJFg and 
a wemead pressure drop of 1 hu (100 kPa) in 
1976. Other well. in the viccMty & also 
appear to  be negatively affected b a small 
extent by the =Of accident; howewer, the 
changes are only of similar magnitude to nor- 
mal operating fluctuations rad are thus diefi- 
cult t o  reeqinize. Far the same reasoar there 
have been no c&arly defined improvemanta since 
m 0 7  was repaired md placed back an produc- 
tion. 

In  the mol and WkSo tests the rather star- 
t l ing ret- patterns chow that injected water 
moves in complex paths {see Fig. 6). Tzacer The speeds of underground f luid movement a t  
injected into MC101 uxived f i r s t  a t  wrct21 
(the m o s t  distant) moving a t  8 m/hr, second 
at  WklO3 lthe closest) moving at 1.3 mltu: urd 
last at a l l 6  (ia a l ine  between the other 
tu01 moving a t  2 e. tact21 fs a vexy deep 
weLl - the deepest a t  Wakakei - w i t h  2250 m 
total depth, although it produces rpairilp fraa 
perforations a t  975 SI depth (still deeper 
than the tzntal 600 a depth in that area). 
W 2 l  received 68 of the ttacet injected a t  
WKLOl despite being 800 PI distant. X t  is not 
known whether -1 has been affected by the 
W O l  - f l a w  since it YBS not drilled . -  terns, including vapot-daf MatSukJm), two- 
until  after 1969, but there is an unusual 
215% tungerature inversion fn ttte well. 
W 2 l  could perhaps be made productive ff 
WK101 were repaired. 
tion. wK121 was not monitored 8s the aep ra t c t  
installed to  discharge it specially for the 
WKlOl  test had been removed. Flowewer, returns 
fmm WK86 to MU26 and a 7 6  w e r e  an order of 
magnitude larger than those frrma--%?&3oLuhich - ----- - --" - 
leads t o  apeculatian as t o  what W f f l l l  may 
have rhoran had it been monttored. 

The flaw of reinjected water et Wairafrei is 
cleasly w i t h i a  the fanlts although not neces- 
sarily by direct paths. The vat t r  fram WWQ? 
apparently m e $  down and to  the southwest 
thmugh the Wairakei fault, being recovered - 
f i r a t  atwE124 which intersects the fault  a t  
around 760 SI. 
Wairakei fault  a t  about 1000 PP Uepth and the 
ret- to  m48 (which intersects the U a i o r a  
fault  a t  960 m depth) sad the other shallower 
and later-responding wells seem to be tap +ha 
Waiora fault. This explains the roughly 
shultaneous arrival at  all these wells 
(except for the deeper WK48). 

circuiting amy not ke a rewere problem (tracer 
return speeds are similar t o  those observed a t  
otake in J a m  - R o ~ ,  1982). NO thermal 
effects ham been observed a t  neighboring wells, 
athough it is clear that fn some cases quite 
large percentages (up to 12W of the reinjected 

t e h w d  in the vicinity of the injection w e l l  
as meted, bt the extent of the Uepzession 
is lfmited. 

W i t h  the tXCQption of 8R34, injectivity in- 
creases as a rcsplt of tempcratura effects 
lam3 and 23) I?epssure effects (BR301, or re- 
duction in resenmix pressure ( a 7  8nd 281. 
The loss of reservoir pressure caused by injec- 
tion into -phase conditions should be 
avoided as the resulting pressure rink w i l l  re- 
duce production in +he oichiey. 

Wairakei are AS much as 20 times greater than 
those in Btoadlmds, indicating greater poten- 
tial for reserpoit short circuiting &ring rein- 
jection. The rapid pressure response aczosa the 
f i e ld  i s  a characterirtic of Wair&+i compared t o  
Broadlands, although this difference is .fa0 
attributable t o  the large gas content at  Broad- 
zanda (and cortespofidfng high campressibifity) . 

I w a t e ~  do break through. Reservoir enthalpy is 

JAPAN 

japan has a vide range of 

mkhda, Otake, and Hatchobaru (see Fig. 8 ) .  

m a l  power rys- 

(Onibbe), -8 ccanprerred liqxias (onma. 

During the WK80 injec- 

.. . --_ 7 

- 

.Dm - 
The Waiora faul t  meets the 

summary 
Reinjected vater a t  Bmadlands seems t o  move 
through the reaervoir at  speeds around 0.5 
m/hour indicating tha t  r e s e m i s  rhort- FigUte 8. Geothermal Production Sites Fn Japan 
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All the liquid-dominated systems have sihgle to that w i t h  pH 2.8 W a t e r ) .  
flash s t e m  generation schemer, with the excep- let  pressure Qf 200 Wa (29 psig) the combined 
tion of Ratchobana, which ha$* double-flash steam output Frau the wells ft 7s +onnes/hout 
system. (20.8 kg/sec). Nater -produced, added to tlre -- -- _- - 
water reinjection schemes, necessitated Bimarily vask uatct imaa the station, makes up a t o t a l  of 
by environmental requirements. Several different 115 tonnesbour (31.9 &/sac1 that is reinjected 
reinjection configurations are in use, allowing in to  a single well at atmospherie pressure. This 
an array of schemes to be evaluated. Each of the single reinjection well is located at  one end of 
fields will be discussed separately i n  detail,  the field (see Fig. 91, and has i t 6  fluid exit 
but swmv~ly Qta for a l l  five fields undergoing points in the 1000 p1 deep, acidic portion of the  
reiirjaction are l i s t ed  fn Table 1 for comparison reservoir. This represents most dcoirahle 
purposes. Specific items of u t e t e s t  to this configuration proposed by Grant and Rome (1980) 

reinjected water, the reinjection otrlrtogy used, . duction depth. 
and the obserpod effects en production. 

A t  the ttarbine in- 
r 

a l l  except Matmrkava have --tal maste - . - - 
% 

" .  diacussion-axe . % h e ~ - a . u & t m p e z a t u r ~ - ~ y ~ r a L ~ 4 e e ~ t h a  -poos-- 

i 

a 

Onikobe 

Onikobe geothermal station io the Tokku district 
of the island 4f Ronshtl is operated by the Electric 
Power W e l o p e n t  canpanyr LWr-iE'PDCk,- and-has I - -~  . 
an installed capacity of 25 m. 
i s  12.5 W, and rctudl prodUEtion 
7.3 Uw. Onilrok is a very onllsuaz f ie ld  in t h a t 8  
at  the targeted production depth of 1000 m, highly 
acidic water (#I 2.8) vas intercepted. For this 
reason. a shallover. l8so  aCillfC (plI 5) production 
horizon was tapped at 300 m. The lover gmductio- 
i t y  of t h i s  upper horiton (around 10 tonnes/hour 
s t e m  flowrate per well compared to 20 to 3Q 
tonnes/hour at 1000 m) is the reason for the re- 
duced output from the station. 

Licensed capacity 
1980 W at 

* PRODUCtlON W U  
REINJECTION WELL 

Pmduetfm Onilcobe tS fm 1 2  -11s at an av- 
erage depth of 300 a, although one new well 
directionally dril led in 1980 pro&ucas g J water 
from a 1000 m deep formation (presmmbly diffetent 

L 

Figwe 9. sketch Map of Well Locations at Onikobe 



Th; perfomace history of the Onikobe field shows 
a decrease L? the steam Output fm the wells, but 
an fncrease Ln w a t e r  -put from about 60 tames/ 
hour i n  1975 to 120 tonnesfiour in 1980 (see Fig.- 
10). This effect may te due to the influx of 
colder vater from the rocface. 
due to the effects of reinjection, B a ~ c v o r ,  there 
has been no wtlceable additional alteration fa 
the ehermal or pressure khePior of the f i e ld  
since reinjection commenced fn 1978, urd, in fa&, 
the greatest increase in vater pro&ction has been 
from "C area, vhieh is most distant ftcaa the re- 
injection site. On thc other hand, there was a 
distinct r ise  i n  the nitregen content of the non- 
condensable gas production in the months follovbg 
*e start of reinjection. nis sise in nitrogen 
content (vhich was accompanied by a fall in W 1 
vas attr-ted t o  the entrainment of kt in to  &e 
reinjection vel l  Wag& and Ka-a, personal 
communication, 1980). The reinjection wellhead 
consisted of a funnel arraagement into whkh three 
hot vater pipelines exhausted, %is Irrangement 
vas "boxed in' &ring 1389 to  p r e v a t  air entrain- 
ment, and the nitrogen sontent at the producfng 
wells has since declined, S k n i l a r  Cranrport of 
nitrogen hat been obsemed a t  Ratchobaru 
watari ,  personal ccemmmicatiosr. 198l). 

It could also be 

( B e  

@OT WATER IcKIWCTtMn, @ATE 

Figure 10. 
at  Onikobe 

It seems then a t  least the noncondens 
are mobile between #e tro reservoiz kevela a t  
300 m and 1000 m at Onikoke. 
meable connection between them in mite of the 
water in the tvo reeerooizs -belng.-chemfealily -we= e- - 
different. Ihe f ac t  that no thezmal interference 
due to reinjectioa has been observed beyond the 
steady enthalpy decline already.obsemM while a 
hydraulic connection cleaxly u i C e s  
either to the relatively short duration of S a j e r  
tion, o r  to the f a d  tbat water ir  h a t e d  before 
reaching the production depth. 
there vas no obvious gshort-circuitting* in the 
Onikobe resenmit as of w s t  1980. AlthoPgh 
further observation k n e c e s w y  (EPDC is hvert i -  
gating the p s s l b i l i t y  of a tracer,test), it 
currently appearn that the *sf& and belov" rein- 
jection configuratfotl a t  onikobe is wrking tu- 
cessfully. 

Qlanpes i n  Rot W a t e r  Production ~ a + e  

--- - 
This indicates per- 

be due 

I%I esther case, 

Borne 

"he 
xakkonQ, is a 50 Mw station operated by Japan 
&tal8 and Chemicals 43.. Ltd. (JMC), and Tohoku 
Elecetic Power aolnpany. It has ken produefag 

t g e o t h e m  power station in Japan, 

Sin- Way Of 1978. 

The reinjectLon proprrrn a t  lhkkonda is unusual in 
Japan in that the hot water is refajected a t  
separawr psrpra rather than at  amspheric  
pressure, as is the case evrzyvhete else in Japan. 
lwconda is also unusual in the very 1-e quan- 
tities of vater that  are injected. the f i e ld  en- 
thalpy being rather low. Tke reinjectian w e l l s  
are "intermixed' w i t h  the pmQction vellr ,  but 
are sanevhat 8hallwer depth (arowd 700 P, 
anpazed t o  1000 m Lor +be ptoductlon velld. 
Figure 11 dhows the traces of the directtionally 
dr i l led w e l l s  (JMC, 1978). Although the reinjec- 
t ion scheme d d  be broadly characterized t o  be 
'intexrabted,tahve*' there i s  In fact  suint degree 
O f  averlap between production and reinjection 
levels. 

D O  100 

( - 8  
O- - CRODUCTlOX YELL 

D O  100 

( - 8  
O- 

7-7 R t t N J E m -  W E t t  *-*-- 9- u;{?- - 
a-s WfLUcLID ....- - - OOIwnOLc --= 

Figure 11. - Sketchmp of UeU~Ipcatfons IC - . -. 
lhkkonda 

ai Sexy frvpe quantity of water injected a t  
KaIckonda (3000 tonnes/bur for  SO0 t o n n e s m  Of 
ateam prodwedl tepresenta a %orst Case' for 
reserpoir short-cir~i t ing.  such short-circuit- 
h g  has been clearly idantuied by tracer tests 
(Nakamura, X98 l t .  Although station outpot re- 
mained essentially +anstant fmm s- (war 
1978) until July 1979, after that tbme it de- 
cZined rapidly froan I O  NW i n  July 1979 to 37 MJ 
i n  April 1981, most pro&cing wells maintained 
production OT decreased only mderUy during that 
period (see Fig. 12) but wells which had rapid 
tracer arrival timer from four part idar  injec- 
t ion wellr declined significantly i n  output even 
frQa the start of operations. 

- 
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production coexfst fairly successfully, pmvided 
w e l l s  axe not too closely sited. 
arporation is currently atill- exploratory 
wells 1-2 &I north of the power station in seareh 
of a more distant r e i n j e c t i a  site. 

H i t s u b i s h i  Metal 

h 

& 

c 

L 

Ratehobam geothezmal f i e ld  i a  the 60UtharXI 
island of Zytashu bas an installed capecity of 
55 MW, and is owned and operated by the Ityushu 
Electrgc Power Co., IC. The plant was opened 
a t  appmxfiaately half capacity in 1977, and 
reached fUl.1 capacity only during 1980; obtaia- 
ing 8 sufficient nrmrbet of p d u c t i o n  and rein- 
fection URUS was pamy respzponJiblc for  the 
delay. The station i s  unique in Japan in that  it 
uses a double s h g t  flash system +hat, in i t s e l f ,  
precludes the reinjection of waste water a t  a 
pressure as high as that it krkkonda. %%e rein- 
jection and production wells axe arranged roughly 
in a "side-by-side" canfiguration (419. 141 w i t h  

Extensive tr~cer tests a t  B a t c h o m  by ltyushu 
E l e c t r i c  Powet CO. -)lave--fadicated--strong-~cc-- -- 
t ioi ty  betweca some w e l l s  with actual speed o f  
tracer movement L3 the m s u y o f t  a8 Ngh as 
80 m/hourl w f t h  strong retuxns wer distances as 
far as 600 m. Table 2 shows the rates of retusn 
for the +hrce tracer injection tests. Omduction 
w e l l s  8-4 aaU H-7, which both showed tracer re- 
turns in all three of the tests* have since 
shown a dedine in --phase flowrate, partieu- 
lar ly  H-4 VMrh *s -rarrP-Fesse---- 
gether. reinjection in  the northwest ana proQctiwt fn 

the rout.he~H~- " R e l J r J e t t ~ c ? A b m 3 e $ t h % - -  
are mre ot less equiWent. This *ather tsnugual 
armgement YLU necessary simply because no ether 
penneable level was located (flayathi. Himurs, and 
Yarnasaki, 1978). 

a . 

capacity to mintain 5 f  MW of Zlectrical genera- 
t ion and to avoid tbermal interference by rein- 
jeCeed ua+er, X75 tcmnes/hour ef the 645 tomes/ 
hour of waste water are e x p r t e d  to otake .nd 
injected thcre. Xpshu E l e c t t i c  Power  Ca. has 
successfully identified p o s s ~ s  sesarpoir rho&- 
citcuiting prohXcms 0s- tRe tracer tests  and 
hat avoided t he  problems by injection a t  a re- 
mote site tyoshida, M80). Interestiagly, t racer  
tests at Batchobarp are conducted extremely eco- 

a nomically using flwxereein dye. Although the 
m?e expensive Potastimi Iodide tracer has been 
used there it was &tornine& that fluorescein 
wuld easily provide &fa on f i r s t  arrival tlmes 
which are wnsidered the most importint garamekrt. 

' 

.LLu.D r-7 rusmc*- 

O E  
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F i W e  14. sketch nap of We11 Lccations a t  
Hatchobaru 



Horne 

Qtake 

O a t  power station vas the first liquid-dominated 
geothermal field under production in  Japan, and 
the second such i n  the world. Owned urd operated 
by the Kyushu Electric Power Co. , Xnc. , it has a 
capacity o f  l2.J bRJ, and has been operating since 
1967. Originally, the uaste water was rejected to 
a pondr however, reinjection UM stazted in 1972 
to avoid chemical pollution &e t o  tfic arsenic 
content of the water. Init ially,  CUI lmprovaeat 
of recowerp MS observed (kzbota and Aosaki, 19751 
indicating t h e  ruppart of resenwlr pressures, but 
by 1975 this hprowement ceased, and well 0-7 
(see Fig. Ls) ceased production due to a loss i n  
enthalpy tonodera and Nnrda, 1976) indicating 
thermal interftrance. 
output has been declining a t  about thc same ra te  
(6% per pear) as prier to reinjection (Fig. 16). 
In 1979 aad 1980, production was raised to the 

duction wells 0-14 and 0-33, and reinjection 
Increased to a Dtal a f C 6 3  toanes/how in~ludiag 
173 tonneskhour of waste w a t e r  pipea from Xatcho- 
b a a .  

Since that time, reserPoir 

installed Capacity by +he drillfng of new pm- 

T 

Despite the d e s e  of w e l l  0-7, reiajcction appears 
to be very successful from a reservoir standpoint. 
Tracer tests performed a t  o w e  by K p h u  E l e c t r i c  
Power Campany Ln 1976 shaved tracer permeation 
speeds on the order of 0.3 -om (8aya.U. nimurr. 
and Yamasakf, 1478) which is twu to t?uee orders of 
magnitude smaller than observed in Hatchobaru. 
Tracer war injected into reinjection vell OR-2 
(aee Fig. 15). and was detected in wells 0-8, 0-9, 
and 0-10 viithtn about 600 hrwn. mcer retorns. 
&a the tests were detected 8 s  early as 
tw hours af ter  injectioa. It appcats +hat inter- 
w e l l  connectivity at  Otake i s  not high, and in 
fact, w e l l s  0-9 and 0-10 continua tb mute a f e  
sewen years of relnjeetion into well OR-7, which 
is 203 meters distant fmm 0-9, an& 140 meters 
distant ftrrm w e l l  0-10. 

0- does have a loss of injectivity pmblem 
similar to that at #atchobanl, probably rt tr ibut-  
W e  to +he supermturated silica c a d i t i o m  a t  
amsp?ieric pressare. lcyushp Elettric Power 
Canpny i s  conducting extensie  waste water treat- 
xaent stodies in attempts both to - sil ica to 
avoid injcctivity problems and to rcmooe usentc 
in order to be able to m i d  reinjeeticn altn- 
gethe+. 

In cases where inter-*le11 f&ws do OEM in Japan, 
the resulting thenaal interference can be greatly 
detrimental to the perfozmance of the producing 
w e l l .  Specific instances of uelU thermally in- 
fluenced Qenthned irrttrirS papet) tnChtde-wekl-- . - -- -- 
0-7 a t  Otake, wells H-4 and H-7 in liatchobaru, 
wells 0-6(R) and U-3(R)a a t  On- and seweral 
unnamed wells a t  Mdconda. Oa the other hand, 
the hydraulic interfuvnce may be beneficial i n  
prowlding pressure support. The problem i s  me 
of removing the reinjection well to such a dis- 
tance that the cooler reinjected water is re- - 
heated before ilrriwiag at the producing well .  
orewious estimates of the "safe-+stdnce" have - 

OariM- Xam~hi, ud ]I-&, (1978) 
0 90 4 &OO ----agges+ed----7 \ -  

Otake, but not for Ratehobana. 

Maintenance of reservoit performaace by reinjec- 
tion may M e e d  be benefichlt-hnurrver+irLkpan.. -- -. 
only a shgle-mmmpled petfArmanec.-tL-----. 
has been obsezped (at Otake). Qn the other hand, 
three eaamples of reduction in-perfexmarice by 
-1 hater€e.rence have been obseroed (EIatcho- 

e0 be allocated, in Nghiy fractured rystcms it 
appear8 to be expedient to m i d  thermal inter- 
actiim e w e a  a t  the cost of Losing byataolic 

ject a t  a neighbo+tng but separate ate. 

a @E1UJECTMN Y f U  
PRODmmN WELL- 

bant, Aakkonda, and Ontrma). If priOr1th~ .18 Figure 15- 

a 

Sketch Map of W e l l  Xacatfons a t  Ota 

one attractilre methoa af achLming this 

Tracer testing has been uted to great advantage 
in Japan and has belped identffy ani3 Ovar-e 
some of ttie reinjectioa hreaktfuough p m b l a  - 
particularly a t  Kakkonda. Both the results and 
Usr tracer tes te  themselves contrast vfth those 

l8 
c 

vcu 

4 Figure 16. 
Otake described earlier in New Zealand. Radiaactioe 

Changes in Total Electrical Output a t  



tracers w e r e  rue% exclrtsively i n  Mew Zealtnd 
whereas chemical tracers wefe used in Japan. Sn 
addition, the percentages of q c e r  recovered in 
Japan were much higher - up to 351 (Sunshine Pro- 
ject, 19801, ud speeds of rmdctgmMd movement 
were much faster - 8s high 8s 80 a/br (see Table 
2). 

Loss of injectivity has prwed 8 Ufhzl ty  in 
Otake and Ratchobaco. It is not clear why the 
tilica superaattrt.tion w r  problematic in 
Kyushu but not in  other ffalds mew Zealand for 
example), but r m a l l t r  flowrate seem t o  be a Uis- 
tinguishing difference. Mklranda has f e w  injec- 
t ivi ty  problems with its pzessurized higher tem- 
peratwe reinjectha. 

a SALVMOR - muachapan 

El Salvador generates a rubstantlal porcentagc of 
its electricity requirements fram ggcothenaal 
mergy a t  Lhe 95 ?SIe power staticm a t  AhuachapM 
(Cuelluc, Chousry and mcobar, 1981). 
are between 600 and 1000 meters depth urd usually 
have an enthalpy of between 1000 and 3.200 kJFs. 
Wells Ah-6 and Ab26 appear t o  have greater ftae- 
tions of steam in their feeds, and have enthalpies 
around 1500 kJ/kg. 
w e  17. 

Well depths 

A well map i s  shown in Pig-  

4N 
1 

03 

I 
0 3uo 

" 1- . ir I 

0 Production wells 

depositfan and there is some badfeation that the 
tnjectivity of Ah-17 increases. 
590 kPa in October 1976 Ah-17 accepted 167.1 
tonnes/hour of water, but by December 1977 8C- 
cepted 473.2 tonnesf iw a t  1 pressure of 610 kPa 
((lrellar, Choussy and Escobat, 1981). Them was 
elso evidence of improwement of injcctipi+y ia 
early reinjection tests into Ab-5 ia 1971 
(Einarsson, V i d e s  and Cuellat, 19n) .  

R t  a pressure Of 

The paths of the injected water have teen &- 
ermined by mpetlt ive chloride analyses of the 
production w e l l s .  
seems to Dove both to the east and also +awards 
the center of the field. 
injected into Ah-17 m o v e s  $war& the center of 
the field. f r r  l P 7 l  a tritim tracer injtctlon 
into w e l l  Ah-5 (which is  a pro%uctioo. war1 but 
vas used expWariental1y for  reinjection) M i -  
cated returns to wells m-l. A h 4  and Ah-7. Well 
Ah-1 responded within two &yo, indi-thg 8 
speed of tracer flow around 8 PJhartr, btat wells 
Ah96 and Ah-) dtd not respond for  several weeks 
and after three months had still not reached 8 
p a k  of t r i t i u m  concentration. There is, there- 
fore, clear evidence of channeling in the res- 
tmolr, Eat not onifonnly. 

The effects of reinjection have been 8 general 
support of reservoir pressures (Cwllsr, Choussy 
and Escobar, 19811 although the decrense in 
Fessure decline may alsao be due to traasition to 
*phase eonditlms in the reservoir (Grant, 
198Oc). Temperature effects have been mere dif- 
f i m l t  to recognizer ' ~ ~ f " w ~ s ~ l Z y - r P d o c e d - -  .---- - 
by the reinjection fa  1971. but regained lts 
earlier discharge enthalpy 8ftCr roughly the same 
time as the duration of the injection testa. 
Since f u l l  scale reinjection has beea undertaken, 
there are sane indications of thenaal influence a t  
-11s A h 4  urd M-24 &e t o  reinjection, into Ah-17, 
although thi$ t f f ec t  could also be attributed to 
boiling i a  that vicinity since the tcmpcrature in 
Ah4 also decreased prior to reinjution. There 
ir paat suggestion alcoof a temperature effect on 

The water injected into Ah-29 

On the 0th- hand w a t e r  

Loss of injectivity has not h e n  a problem in El 
Salvador, and reinjection seems genexally to have 
mppatted f ie ld  performance, channeling has keen 
seen to =cot in the field, uld there are indi- 
cations that m o r e  recently theznial breakthraugb 
has occMcd. Tracer tests and repeated chemical 
sampling shows the reinjected rater t o  k moving 
into the production m a  fran wells ah-17 and 
Ah-29, 

THE pBILIPPI#Es 

Figure 17. 
AhUtehapan 

=et& mp of Well Locations a t  

A reinjection program cwraaenced in  1976 and pre- 
sently 40% of the produced fluid is reinjected 
into wells Ah-2, 8 ,  17 and 29. Wells Ah-2 and 
11h-8 are dril led away frm the woductian Lone, 
but Ah-29 and 

s the production wells. The water is injected a t  
SeparatOI pressure gauge] at  a 

high has apparently avoided problems of silica 

c 

The Regublic of the Philippines bar unhbrttraken 8 
v e q  aggressive geothtrnral avebpment policy 
since the early 1970's and has r8pidly risen to  be 
M e  largest producer of electrical power from 

*idmlY *17 ue 'lose +O 

l60 ( v d  WO kPa 
*aping l i w ~ ~ n a ~ ~  = a t h e m  in world. 
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There are volcanoes and gaothcrmal fields distri-  
buted throughout the many islands of t he  Philip- 
pines and developnent is continuing at  b rapid 
pace. Of the fields in production or under con- - 
structim, Ebak-Ban in tRlton and Tong- in 
Uyte have undergone reinjection. A t  220 me, 
&&-Ban is the largest geothermdL station in the 
world undergoing reinjection of wastewater. a- 
injection is into 1 4  wells, mst of them in the 
periphery of the producing area (Raasch, 1980). 
By December of 1980 over l5 lpillion tonne5 of 
wastewa-r had been injected witbout any observ- 
able rtegative effects (Raasch, 1980). 1po other Soom kol IrJoctlon 00m 
published results of this reinjection rch-e 
could be located, so Hak-Ban ha0 not been in- 
cluded in this comparative summary, 

0 600 100011 .a' 
.a7 

t.mb.loron I o n o r  
Tonsanan 
The Tongonan geothumal f ie ld  is situated in the 
Bao river valley on the ltlond oZ Le-. Ex- . 
ploration dril l ing began in 1973 and the f i r s t  
deep well (461) was completed in J.nunry 1977 to 
a depth of 1942 SI in the Uahiao sector of the 
r e s y o i r .  The maxtm~ downhole temperature was 
324 C and the well was connected to  a 3 
pressure turbine in July 1977 to genemkte 
electricity for  the project and for the c i ty  of 
Ormoc 20 km away. Since that time, around 45 
wells bave been dril led a t  Tongonan, urd a 112 
MWe power station w i l l  enter service in 1982. 
Discharge enthalpies vary from 1200 to 2500 W/kg 
and noat wells are substantial p t o d u c ~ ~  taround 
72 tannerhour of repirated steam). - 

back- 

- 

Figure 18. Tongonan Geothermal Bietd 

during the 401 injection, althaugh tbis could be 
due to  the reduction in  water fnjection rate as 
401 discharge enthalpy increased aUr- produc- 
tion. 

Reinjection of the wastewater f w  the station 
s e a s  the m o s t  viable alternative for  disposll as 
the exhaust rate w i l l  be around 11SO tonnes/hour 
of  160°C water (Debbie a d  mnzies, 1979a. b) . 
The rccserooir f luid contains approximately 12,000 
ppn dissolved solids and after fhshing and sep- 
aration the reiajected water w i l l  have higher 
concentrations, -Rein jcctiaa&wtirtg-hasbeen.-. 
carried out since February 1918, with well 4IU 
accepting w a s t e w a t e r  f r a m  the 1 MW plant (Dobbia 
8nd Henties; 1979aj , and an- i.njeCtion' e!qeXiment 
into w e l l  2R2 was ta t t ied out for five months 
1981 (barf t ,  1981)- A third +e$t-Ms as0 -id-- - - W i t h  ruch -8nd-iapid-tracer- retums- and +3ze- - - 
out in which water was injected into well 105 
(pIvoC, 1981)- 

ti- is ahown in Figure fB. 

In June 1981 Zodine-131 tracer was injected into 
w e l l  4RT (Pt82C, 19811, and was recovered a t  wells 
404, 401 snd 108. Each return MS charasteriied 
by two or  more peaks, a d  8 total  of 16,299 of the 
t tacer was recovered. A total of 11.45% was 
recovered in 404, wit& the speed of .ttioal of the 
first peak auound 57 m F o a r .  a total of 2.84% MI 

xe~artm?&.An UDl,-wiM.fhe weed nC uXivaLlaf_ fhe - 
f i r s t  peak around 30 Whour. W e l l  108 roceiiucd 
about 2\ of the tracer with a first peak axriving 

lpNoc, 108n;- . -...w-.--- - . -I %. 
* * at: atound 22 

five years injection into UEU, it is interesting 

enthalpy as it was being pmQlced, urd strangely 
also while it was shut in between January 1979 and 
March 1981. When restarted in  Uar& 1981, w e l l  

The results- of-tbeoe threein jec- -to- examin*tb--cffecta-on the-zexemir-- --- 

s2 doubled i t 0  flowzate and, when 
ed t o  supply the 36 tonnet/hOut O f  
eam to the p e r  plant, had a wellhead 
5000 kPa, Since being reconnected to 
tb enthalpy a M  wellhead pressure have 

been slowly reducing. It L diff icul t  to find an 
expZanation af this tehav$or consistent with my 
lcnown effects of reinjection, md  the performance 
changes are attr-ted to feed wne interactions 
w i t h i n  the wellbore (which are a camon conf~ring 
influence in fractured systems and particularly lo 

r at 170°C was injected undet pressure 
fmm the 3 W? plant into 4R1 from Fe?amarp 1918 
until. me 1960, then fnmn September 1981 until 
the present. Well 401 supplied steam t o  the plant 
until January 1979, after which well 404 was used. 
In !%arch of 19B1 thc R a t i o n  steam mpply was 
again witched back t o  well 401. 
welS 4Rz MS found to  increase with emulative 
WlWw injected, in b manner sbilar to that found 
In Broadlands wells Sn New Zealand. "his is shown 
in Figure 1 of Oobbie and &enzies (1979a). In a t  Tongonan). 
addition, there was a kop in downhole pressure 

Injrctivlty of 
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surmmaty Well 4W hss exhibited a more normal response, 
and experienced an enthalpy decline during rein- 
jection. This is consistent with the results of 
the tracer test. 

- 2R2 

fn me sambaloran sector test kr the f i r p  part 
of 1981, more than 800,000 tomes of l60 C 
water were reinjected into 2R2 ftan -11s 202, 
209, 212, 213 md 114. 
were not produced simultaneously but one, tvo or 
three (urd on one occasion four) at  8 tiam 
(Sarit,  1981). The average flowrate throughout 
the test- was a n d  200 +oMes/hour, W y r i s  
of two-rate trMsient pressure tests  during rein- 
jection and fall-off tests after reinjection did 
not indicate any change in pzmeability ab 2tu 
[bar i t ,  198U. 

Iodine-1U tfacet va8 injected hto ac2 on 28 

In the W c h  test wells 202, 209, 212, 213* 214, 
303 and 101 were monitored, and positfve reunS 
bere measued in wells 202, 209, 212 and 213. In  
this test the +racer was released iato the upper 
feed tone (400 ad in 7R2. Zn +ha June tes t ,  the 
tracer was released into thc 1- feed zone 
(1300 m) in 2R2, and well8 213 and 214 were monk- 
tored. 

Underground f luid movements in Tongonan geo- 
thermal r e r e m i x  are a t  t a b s  as large as those 
kr Mckonda and Hatchobzuu in Japan, and the p- 
tentLdl €or premature thenaal breakthrough, 
therefore, seems him. expCrfutee.with w e l l  404 
also appears to indicate this. Iaterestlngly 
tracer seturns seem faster in the developed sec- 
tor of the reservoit than the sector undez test- 
ing, although the mount of data evailable is 
insufficient ta U r s e  a s  w i t h  confidence, The 
experience of the two traeer tests fnto 2R2 
emphasfkcs the effects of fractures in reinjected 
water breakthrough, since tracer returas were 
disttnctzy differeat when injected into different 
fractures inkrseetkrg +be same well. 

Injectfvity it Tongonan does dot seem to be a 
problem when toinjection fs  at separator pres- 
sure, but deposition occurs at lower pressures. 

ducing siliea &position. This upcrience ia 
vegy similar to that observed a t  Btoadlands, 

EoN&oSXQNS 

1. Loss of injectivity due to silica deposition 
has been successfully avoided in mew etaland, 
Japan, El Salvader and the PbilippSaes in 
Cases where reinjection i s  under separatore 
pressure and temperatures Ln excesg of 150 C. 
bwerfng the temperature below lo0 C has pm- 
duced i n j a b i o f t y - l e s s e s 3 s  ,---,.- 
Lut  not always. Injecting a t h i g h  rates into 
hot formation$ seems beneficial, presumably 
because the kinetics of t?ie s i l ica  degosition 
are sufficiently slow to allow temperature 
and dilution to underrautate the water before 
mideation occurs. 

2. Zn most places, injectivit ies bave increased 

Fessure i n f l a t b n  of the Z r a w t s ,  

Tha five production wells 

Harch 1981 a d  again on 20 JUW 1981 (PNOC, 1981). acreas- nowra+e m a s  w e f f c w  in re- 

net recovery at 213 was 0.34% in the June 
tes t ,  w i t h  peak azrival at 19 hours laround 
10 m/hout), whereas, b thc March test 1.68% of 
the tracer was recovcered but the first peak did n& 
arrive -til 4.4 days (amund 2 m / h a u r ) .  In the  
Harch test, U of the indicated Underground 
tracer arrival speeds vert of the order 
1-2 m/hont. 

N4 published obsenrations of the resemoir effect8 
of this reinjection were found. 

- 105 - fractures due to thtnnal Contractim or by 

The 105 injection menti6ned id lbbbla’ur8 Efehzier”-“-” -- 
(1979b1 was intended t o  inweotigate the effects of 3, bjectfon of mtet ineo two-phaisa res- 
a higher degree of si3ica-supersatamtti=ni-.-Wel~-- - --. - - i t s  h r W s m e - a s e s m - d  ~ICCIUC- - 
103 was produced 8nd back prersazred to  reduce - tion in  restrvo- pzessure. This is to be 
separator-pres- aad-fempcra+m-lhPgeonsr  --I-- avoMeU *-+he Uesipa o € * a - r e ~ s a  tcheme;- -- 
quence only.amund. 20 tOrmes&oum&~iz.50~6 waters sa=-----? 
was injected ia to  165. In orUer to accept water 
a t  such low pressure, w e l l  105 MS quenched wit t i  f luid movezient can be Oubstmtial ly  dikered 
river water for soot 85 %ow .B the reinjection 
duration, LO 521 fact  the infection test  vas much 
larger than i s  outsad ly  apparent. When w e l l  103 
water was then injected into 105, fnjectivity 
declined in  105 within one month. The well re- 
covered on subsequent discharge, however, urd 
after a second, short r iver  water quench accepted 
water fram 101 urd 103 together at 8 larger f l  
rate. In t h i s  secand test injectivity dec1.int 
was slower, indicating 8n inverse dependence on 
f lowrate. 

lb tracer test  was  carried out a t 1 0 5  and no in- 
fluence on the production wells obsemred. 

w i t h  in jestiBntemeL&Q9ifLDmnIagsL-~~-- 

---- - - - 

shovn that underground 

tracer experiments fran both 
producing and aonproduciag fields suggests 
Mat nonpwlueing f lc lds  tend ta .how slower 
rates of tracer retorn. she body of data is 
not yet-large enough to conffira this, but If 
true thc predictton of reinjection break- 
tlrroughs fram pre-pmduction tests could be 
a serfow bifftcPlty. 

Chemical, short-lived radioactive and long- 
lived radioactive traters have all been 
successfully used in fractured geothermal 

6. 
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Source of Electricity," U.S. Dept. of 
Energy, Washington, D.C. 

Ooabie, T.P., a d  Menzies, AIS., (1979a1, "Geo- 
thema1 Waste water Rafajectioa Trials. 

reservoirs. 'It is  taorth noting that radio- 
active decay and chemical reaction would 
probably render the fluorescent dye, halide 
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