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ABsIwIc1' 

A t  the time of sulmitting this paper we are 
running the f i r s t  tracer test in the u s  Azu- 
fxes field. The main goals of test 
axe: to probe the concept of using separated 
spent brines as extranely inexpensive sources 
of tracers; to detect possible high cxndwti - 
v i 9  hydraulic flowpaths be- prcpctive 
reinjection wells and the nearky prcduction 
zone in the Tejamaniles area; to mnitor reser 
voir temperatures during tie test in  order to- 
abtain valuable extra obsenmticnal constra- 
in- to aid the inteqretaticn; aid to field 
test a nutber of techniques amcexning data 
gathering and analysis. So far, we have follnd 
no evi&nce of tie dstence  of hydraulic arn- 
mmicatim bethem the reinjection and the pro_ 
ductim zme. Nevertheless, we were able to 
conclude that the a- and Na+ dissolved i n  
concentrated spent geothermal bines can be 
used as reliable and extrarrely inexpnsive 
tracers for hidrothepllal flows, pimvided that 
the injectim of the brine is steplike (am- 
tinuns injection at  constant flawrate and c o ~  
centration). we also found in necessary to 
&tor reserwir temperatures during the test, 
by mans of both, the m/K and the silica gec- 
themmeters, i n  onkr to a l low dhgmsis of 
boiling in the reservoir, which can cause 

the arrival of a chanical €rant. 
[Cl? and [Na? to increase independen tly of 

The use of traaxs in geotkmd en-ts 
hasbeenthesubjectofaccntinuoslygmcingip 
terest during the last few Fs. For example! 
the ntmbez of papers dealing ~1 the use of arb- 
f ic ia l  tracers in the Pmceedng ' s of the stanf- 
ard Geothenral Reservoir Rlgine€zing Workshop in 
creasedmnotoslr 'cally fran none in 1980 to 7 in- 
the current issue. This i!terest starrs from the 
ever wider recognition of the e.omanic and tech- 
n i d  advantages offered by the reinjection of 
q e n t  brines, and fran the perceived risk of pog 
sible concunitant thermal interference between 
reinject5m and productian wlells. 

In M%i.co, this interest pranpted mrk that, to 
date, resulted in two plblished papers (Flores 
et al., 1982; Iglesias and H i r i a r t ,  1981). The 

paper by Flores et al described 
test run i n  t!!  Cerro Prie to  
The paper by Iglesias and HirW dealt with the 
earliest efforts to conduct trac$r tests in the 
geothermal field of ms Anrfres. It reported CZI 
the design of a &titracer test for the Tejama- 
niles area of the field, ?lamed for early 1932. 
In  this test, conventional ( b w d e  and iodide) 

f i r s t  traceuf 
field. 

andun-ti& (thiocyM 

vented us fmm carrying out that test as sched- 

Ways were then sou* to 
thea;alttacertestingin 
1982 1 ,  and to design an 

tedinthe 
tracer test for the Tejammiles 
ular. These efforts eventually 
CQllCretion of the f i r s t  tacer t&st in los Azu- 
fres, which a t  thet imeof miti$gtbisppr i d  
still in progress. 

The present mrk reports on the @xrent -The 
~ g o a l s 0 f t h e t e s t a r e : t o ~ t h e C o n ~  
of using separated spent brines 4s e2Ltrewly in+ 
y i v e  sources of tracers; to detect pssible 

ducticm zone i n  the Tejanwileg +rea; to mniq 
reservoir tarperatures during thd test in order 
to &tain valuable extra obsermticmal am- 
straints to aid the interpmta-: and to field 
test a numJw of tedxqws * c o s l c e  data qaq 
ering and analysis. 

uled. 

in partiad 

- 'v i ty  hydrauLic 

A CCIdnrentLiQndL "slug" test,  radio- io- 
active icdide as the tracer, 1 s  run sirmil+ 
taneausly with the test reported in this paw. 
 he iodide test is a joint effort by ~ ~ ~ ~ t i t u t o  
deInvestl 'gacicnes El6ctricas, S b f o d  univer- 
sity, and cCmisi6n Federal de Electricidad. 
mts will be reprted elsewMs. 

I&$ 

Field tested ar t i f ic ia l  tracers that 
proved canservative are r e l a t i 4 y  few. By a 
ccnsemative tracer we man me fhat, a l e  i n  
the ?zsexwir, does not undergo @hanical or 
physical changes (e.g. chemical with 
fluid or rock, adsorptim) wl~chbu ld  partially 
or totally prevent its recovery. These iden- 

-265- 



t i f ied conservative tracers include radioactive 
and m-radioactive branick and iodide (e.g. M c  
Cabe et  al., 1981; Tester et al., 1982; Home, 
1982), tritiated water (e.g. Einarsscd-~ et d, 
1975), and, possibly, radioactive iridium (Flo- 
res et  al., 1982). These substances are rela- 
tively expensive: the tracer cost of a typical 
test runs on the thousands to tens of tlxnwu& 
of dollars for one injection of ane tracer. As 
mtioned,  we made SQne efforts to carne up with 
i n v s i v e  tracers adequate for geathermal use. 

Of the ideas considered, one of the mst pranis- 
ing t d  out to be the use of separated geo- 
thermal brines as very inexpensive sources of 
adequate tracers. 

In high enthalpy geothermal fields, spent brines 
separated at atnnspkric or production separator 

than reservoir brines, due to significant steam 
losses. For exanple, in U s  Azufres, brines seE 
arated a t  atmspheric pressure are typically 
about twice as concentrated as the original brine 
a t  depth. The concentration contrast is there- 
fore mdest by the usual standards in "inpulsive" 
or "slug11 tests. In this type of test, a rela- 
tively small mount of fluid, marked with a very 
high cancentration of the chosen tracer, is in- 
jected over a perid of time t h a t  is very short 
w i t h  respect to the duration of the test'. "his 
produces a paked distribution of tracer con- 
centration, which increases in width and & 
creases i n  height as it propagates in the res- 
ew~* .  The cfiange of shape of the peak is due 
mainly to dispersion and ccawnmtion of mass. 
Thus,inordertobeabletodetectthetracer, 
the initial concentration contrast ard case- 
quently the initial heigh of the peak, must be 

centration of the tracer in the reservoir or the 
resolution of the detection technique, w h i d m e r  
is greater. Cmseqently the d e &  cmcentra- 
tion contrast of the separated brines make them 
generally inadequate for use in  the usual "im- 
pulsive" or "slug11 tests. 

pressures, are substantially mre ment ra ted  

in  general I I l L d I  greater than the background con- 

~,separa tedbr inescanbeusedassources  
of tracers i f  a steplike jnstead of a --like 
inje&.cn pattern is ad@xrl. 
type of test, startjng at  a *,fluid 
marked with the tracer(s) is continuously in- 
jected at  cansmt flowrate and wnstant tracer 
concentration throughcut the dLlXati.cn of the 
test. As a result, the tracer propagates in a 
pistan-like fashion, the tracer frant resgabling 
a step function near the injection well. 'Be 
tracer front in- in w i d t h  as it ppagates, 
due to dispersion, as in  slug tests. HolJwer, in  
this case the injected rnass of tracer is not a 
amstant, but increases linearly w i t h  time, and 
the height of the front -ins constant as it 
proFgates. ccnwquently, the initial concen- 
t r a t xm mtrast required for this type of test 
is mch &ler than for slug tests. In fact, 
concentration contrasts as small as a few tinres 
the resolution of the detection techTuque * c a n  
be used and still obtain qualitative results. 

In the folmer 

Obviously, the great amxlIlt of tracer required 
by ktep" tests WDUld mke than ~canaru 'CaUV 
prohibitive i f  the collsenmtive ar t i f ic ia l  
tracers mtioned a t  the beg- of t h i s  sec- 
tion were to be used. FortunaWy, spent brines 
are usually available aplenty, and a t a  n i l  cost, 
when ObSerVatian wells are produded during tra- 
cer tests. 
then that  step tests using spnt brines as 
sources of tracers are both technically feasible 

The preceding discus$ion indicates 

and eax lan id ly  c o n d e n t .  

The brine of U s  Azufres is typimlly geother- 
mal, and consists mainly of a sa$im chloride 
solution. Table 1 shows as ra imate  ranges of 
concentrations for vatious w t s  of in- 
terest in brines separated at  a-spheric pres- 
sures. The ranges p t e d  cover tthe amp-  
sitions corresponding to several wells; the 
spread reflect mst ly  reserv~ir  tienperature ef- 
fects. 

Table 1. Representative canpositigms of U s  Azu- 
fres brines SeDarated a t  atmqheric 
pressure. (Nieva, 1983). 

ccmponent CmcentratikmRange (ppn) 

Na+ 1563 - 1778 

Li+ 16 - 29 
ca2+ 7 - 24 
w2+ 0.008 - 0.4 
c1- 2650 - 3076 
Br- 1 - 5  

289 - 446 .K+ 

1- 
Si02 

0.43 - 0.49 
750 - 870 

Experience indicates that cations do not p r o p a -  
gate through reservoir fomtiona as easily as 
anions (e.g. Wagner, 1977). In #irticular, the 
halogen anions are known tobe @lsemative. 
Of the available halogen ions w lchose chloride 
as our main tracer candidate. d e  principal 
reasons for this choia  were its ahmdance, and 
that it is & easier to analyzq by w e t  chen- 
istry techniques than either brcm$ide or icdide, 
which are also present in the bribe. 

As s e y d a r y  tracer candidates w chose Sa+, K', 
and Li . W e  thought that,  despiUe their 
status as consenmtive tracers,  the 
ture of their concent&tions they 
s k d d  pxovide at least qualitative checks on 
the performance of chloride. bb,peover, these 
cations were relatively easy to Wyze & techr 
*s available to us. 
La , provide ways to nunitor resenair tanpera- 
tures during the test. 

Finally, Na , K , and 
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When a cold spent brine is  reinjected stepwise 
into a geothermal reservoir, a chemical as well 
as a thermal front propgate as a result. The 
chemical front arises fmn the concentration 
contrast between the reserwir brine and the 
reinjected brine. 
from the corresponding temperature contrast. 
general one expects the therml front to lag 
behind the chmical front, due to heat transfer 
from the hot rock to the cool reinjected brine. 
If the breakthrough of both fronts could be re- 
corded in an observation well ,  the time lag 
between the fronts would provide very valuable 
informtion for the interpretation of the test. 
For practical test durations, d y  very high 
hydraulic transmissivity channels offer b p e  of 
recording both fronts for typ i ca l  Seothepral 
intenell distances. Lmer transnu 'ssivities and 
unchanneled, porous m d i u n - t p  flaws inply rmch 
larger heat transfer areas, and significantly 
increased residence tirres for the thermal front. 

The resem3ir foxmations in IOS Azufres are 
mainly tight volcanic rocks. For that reason 
the fluid flow is believed to take place minly 
through fractures. Thus the reinjectim and 

draulic transnu * ssivity fractures , suggesting 
that a dual chanical/thermal breaMhrough could 
beabservableinthetestarea. Thiswasme 
of the main reasons why we decided to d t o r  
the terrperature during the test. 

Other reasolls wxe the possibility of picking 
up s ~ n e  other tanperature effects occurring in 
the reservoir, which would provide additional 
constraints for the interpretation of the test: 
and that of assesing the technical and logis- 
tical advantages and difficulties associated 
w i t h  the ancept. 

Of the available alternatives we chose a Na-K 
gee- @lie= and N i e v a ,  1982) ad a 
silica geothenmmter (Fournier and Potter, 
1982). 
erature in the n e i g h b r k d  of the prcducing 
wel l ,  due to the fast reequilibration of silica 
upon ter;perature changes. 
the tanperature farther away in the reSeFioir, 
on account of the nnx9l slower ~ l i b r a ~  
of d u m  and potassium ions. 

In order to use the silica F - t e r r  di- 
luted, acidified fluid sanples INst be collec- 

thenmmter does not require special sanples: 
the b r h  W l e s  taka to d t o r  the selected 
tracers are adequate to this end. This is a 
desirable feature that simplifies the logistics 
of the test. 

TO conclude this section, we shall refer to the 
techniques of analysis assessed during the test. 

The thpmodl front arises 
In 

productian zcnes might be linked by high hy- 

The later reflezts the resermir terp 

The former provides 

ted. On the contrary, the use of the Na-K geo- 

Tim techniques were tried for the analysis of 
Na ,  K, Li: f lam plmtamztq dnd spectro- metric atcanic absorption. 
lyzed by the standard rrolykhte blue colorime- 
tric wth-3. 

S i l i c a  was ana- 

The test area is located in the I'ejamniles re- 
gion, on the southern portion of 'the field (Fig. 
1) .  The planned reinjection wells A-7 and A-8 
lie on the southwestern edge of i$he field, as 
iniicated by geologic and r e s i a v i t y  data. 
Several hundred w t e r s  east of d e  designated 
zone lie A-2 and A-16, the observation wells in 
t h i s  test. 
water. The depths, slotted intepvdls, and in- 
-11 distances of interest are dm in Table 27 
'Ihese slotted intervals in- mstly  micro- 
li t ic  andesites w i t h  SQIE interqersed dacite 
and porphyritic andesite in d l  A-7. 
tight igneous Iocks the fluid fl@ is thought M 
OCCUT nainly through fractures. Note that tk 
slotted intervals of wells A-7 aqd A-8 (i.e., 

slotted in*s of the O b m  on wells, 
except for the upper in* of w e l l  A-7, which 
partly -laps the P- * i-lbtenmls. Thid 
depth offset is a desirable fea- for a rein- 
jection setup because the negative bouyaracy of 
the colder and denser reinjected water tends to 
delay interference. By tbkenr 
this feature my affect tracer I.$covery. 

These faur wells  produce stem and 

In these 

the reinjection intervals) lie y - t h e  

$ REIMJECTION WELL 

4 HlooucTloY WELL 

100 m. 
O- 

Fig. 1. mcation of the wells. 

Fast of the o b s e ~ ~ t i o n  wells is a group 

33) that produce mst ly  w e t  s t q ~  and a little 

added to Table 2 c t h e  prwu/rmty of this 
w e l l  to the reinjection area. Wr technical 
reasons w e l l  A-16AD was not mniwred during 
the test. other wells shown in Rig. 1 are too 
far from the reinjection zone to be of interest 
for the test. 

Of wells (A-6, A-17, A-36, A-38, A-34) that 
produce 

water. 

locaticrm. Data * ' g t o A - 1 6 A D h a s b e e n  

Steam and W wells (A-16Al.l and A- 

Note that wells A-16 andtA-16AD are 
airectionally drilled from the @ne well!! 

-267- 



Table 2. W e l l  data 

wel l  A-8 A-7 A-2 A-16+ 4-16AD+ 

Wellhead height 
above sea lev- 
el (m) 2775 2750 2750 2825 2825 

Depth (m) 2301 1706 1130 1285 855 

own inter- 
A s  (m) 1991-2299 1049-1098 1039-1130 1072-1285 760-850 

1296-1580 
1665-1690 

D i s t a n c e  to 
A-7 (m) 500 740 760 840 

D i s t a n c e  to 
A-8 (m) - -  

- -  

500 750 980 890 

+ well directionally drilled. 

THETEST 

The test started August 2, 1983. Reinjection of 
brine produced by w e l l  A-16, separated a t  a m s -  
pheric pressure (-0.7 bar) , began in - d l  A-7. 
The reinjection tanperature was a b u t  6OoC at 
the wellhead of A-7. The average reinjection 
rate was 35 ton&. 

of the test. 

This flowrate has been main_ 
tained reasonably canstant since the beginning 

F b t  brine, ?reduced by d l  A-2, was dlso rein- 
jeCtea in wll  A-8. Unlike the f o n w  case, 
this brine was separated a t  several bars I 

by means of a produdLon separator. Thus the 
mcentration contrast of this brine was smaller 
than t h a t  of the brine reinjected in A-7. Vn- 
fortunatelly, neither the separation pressure, 
nor the reinjection flowrate muld be kept rea- 
sonably constant in the A-2/A-8 doublet due to a 
host of technical difficulties . The diff icul- 
ties arose mainly frun pzuliarities of the 
producing wll A-2, which would not * a  
constant flowrate; fmn faulty surface equip 
nrent 
and had to be changed in different occasians); 
and fran the charactmistics of the terravl ' i n  
which well A-2 is drilled. The tenam *Fawed 
weak: surface manifestations, not apparent at  
the beginning of the test, developed upn sus- 
tained productian. The surface manifestatims 
included steam flowing upwards ammd thecasing, 
widespread discharges of gases and stearn aromd 
the wellhead, and even a -11 md volcanowfiich 
eventually grew to be -3 m long by r~ 0 . k  wide. 
Steam percolating through the grcund eventually 
dwaged the wellhead cellar and the foundations 
of several pieces of surface equipnent. This in 
turn resulted in dangerous lmchanical vibraticms 
These developnents forced the decision of taking 
w e l l  A-2 out of production 
ReinjeCtian in A-8 was sL.rprltanecxlsly tern\inated 

(e.g. trJ0 wellhead valves develw leaks 

31 OCtDber 1983. 

PLdUCtl 'on of A-16 and reinjection in A-7 *w=re 
not affected, h iever .  

-1- at  the wellheads of A-2 and A-15 star- 
ted before reinjection (e.g. Fig. 2) to obtain 
the necessary cancentration base ines. The 

tles previausly washed w i t h  a sohution of nitric 
acid. In order to obtain good tinre resolution 
for the breakthrough curves, the -ling f r e  
quency during the test was c h o q  to be pmpor- 
tional to the inverse of the square root of the 
time elapsed since the beginning of the test (f 

was adopt& because the width of the tracer 
front is eqected to increase p rtionally to 
fi in mst situations  ear, rqp 19 21, and be- 
cause breakthrough tims, un)mown, a-priori, 
could ~ a r y  ~ v e r  severdl orders of mgnitude ac- ' 
cording to the type and mgnitude of the hy- 
draulictransmissivity existing bebeen the in- 
jection and probztion wlls. Fot: the in- 
-11 distances hived in this t(2Str break- 
through tims as short as several hcrurs wa-e 
possible a-priori, since tracer *locities as 
high as 80 m/h have 
~ l c a n i c  settings ( H o r n ,  1982). 

samples wa-e collected in 500 an 2 plastic bot- 

=fo/\rt 1 .  This m-unifom sanqling strategy 

recorded in similar 

RESULTS AND DISCUSSXN 

The difficulties encountered in ctmtrolling the 
w e l l h a  pressure and flowrate of the observa- 
tion well A-2 ccnplicated the hterpretation of 
the correspnding data. The wllp&ications ar- 
ise rrainly f m  the m-uniform smpling con- 
ditim induced by frequent changes of wellhead 
and/or production separator gressures, and fxun 
the e f f e c t s  of these changes on the &e- 
mi& canposition of the produced fluids which 
are difficult t6 predict reliably, 
a n p s i t i o n  changes associated w i t h  variations 
of flowrate have been recorded bath in A-2 and 

Chemical 
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in 3-16, and -will be illustrated below. 
these caplications, and to the necessity to 
met the deadline for th is  progress rgort, we 
shall postpone reporting on our results frcm 
A-2, and will concentrate instead on the mre  
straightforward results corresponding to the 
other observation w e l l ,  A-16. 

Figure 2 presents the early data on the concen- 
trations of C1-, Na+, and Li+ for w e l l  A-16. 
(Hers3fte.r concentrations will  be denoted by 
square parenthems). These data nicely il- 
lustrate chemical ca-rpsition changes induced 
by sudden variations of flowrate. csI1 August- 
Ist, at  1O:OO hrs the w e l l  was open. The C1 
concentrations, frcm m l e s  taken every 15 min- 
utes, recorded a rapid increase of mre than 
12% in about 2 bur? .  Thep samples wxe not 
ana~yzed for u+, x or ~i . 
shutin a t  13:OO hrs. Then, at  17:25 hrs the 
w e l l  was opened for second time. Age a 
rapid increase of [Cl I was record$& 9 s  be- havior was closely imitated by [Na l ,  [X l and 
[Li'] , as shown. Later, on August 2nd at  11:30 
hrs, the flowrate was i n c r e a s e d .  This was im 
mediately reflected by sharp increases of the 
amcentrations of all the ions mnitored (Fig. 
2 ) .  
kwever, and the im concentrations shot back 
to nearly their stabilized values previous to 
the increase of flowrate, in about 15 mi?utes. 
Finally, a t  12:20 hrs the flowrate was turned 
back to its initial value, w i t h  no a m t  
change of the ion concentrations. These res- 
u l t s  indicate that increases of flowrate are 

Due to 

 he well was then 

These sharp increses w=re short-lived 

'ed by transient increases of the con- EzzZks of the h s  in solution, and that 
the ulterior evolution of the increased con- 
centrations depm3.s on the history of the flu+ 
rate. 

The-results presented in Fig. 2 also show that 
[Cl 1 has the srrallest dispersian. 
fore the mst sensitive of the candiste tra- 
cers. The srraller dispersion of [c1 I is due 
to several causes, inclcding the characteris- 
tics of the techniques of analysis used to ob- 
ta@ the results of Fig. 2,  and the fact t h a t  
c1 r being a major caqmnent, is virtually free 
of interferences. Chloride was analyzed by a 

results for [Na I ,  [X I ,  and [Li 1 shcrwn in 
Fig. 2 were obtained by w-. srraller dispersions for [Na 1 and [R 1 were 
eventually obtained using spectroptmtame tric 
atcmic absorptim, as shown belm. 

sensitive of the candidate tracers. 

The increase of the ion concentrations that 
follawed the Opening of the well (Fig. 2) can- 
not Se ascribed of course to the a r r i d  of 
the chdcal  frunt because reinjection did not 
s t a r t  until &gust 2nd a t  17:OO hrs, nearly 24 
hours after production began. 

It is there_ 

standard"wet'o&pstry mthoa, ( J p r ' s )  : the 

Despite the 
improvemt, hcrwwer, c1- ratlained the mst 

z 
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Fig. 2. Early im concmtratiom i n  well A-16 

The time xale of the concentratim changes 
just discussed ranged fran minuws to hours. 
~ e x t  we shall address concentrat4cn variations 
with Itluch larger tirre scales. Figure 3 depicts 
the long-term evolution of [a-] for-well A-16. 
For nearly tm and a half nunths [Cl  ] in- 
creased a t  an average rate of aWut 1.63 ppn 

the flowrate was significantly irlcreased, by 
mistake. The high f m t e  was daintained for 
about 18 hours. 

day. Then, On the eVening 04 octaber 13 

This event d g l y  damaged 
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the well: neither the flawrate, nor the wel l-  
head pressure recovered to their pre-event val- 
ues h e n  flaw through the original ogifice was 
resurred. Right after the mt, [Cl 1 oscil- 
ated wildly for a few days. Afterwards [Cl I 
developed a haphazard pat- (Fig. 3) . 

- 
Y a m -  

H t m  

 he general p a v i o r  of [ C ~ I  was closely fol- 
lawed by [Na 1 for sane the (Fig. 4) The 
slope of the straight line depicted in Fig. 4 
is 1.64 ppn/day, almst-exactly the value of 
the slope fcund for [Cl I .  w r  Starting 
e e e l y  Septacaw 25, [Na 1 flattened out, 
unlike [cl I that kept increasing linearly M- 
til 9 event described above. This deprtwx 
of [Na I fmn the trend depicted by [Cl I very 
likely+indicates a systeratic error of analysis 
for Na , for the October saqles, which w a x  
analyzed in one batch. This is suggested also 
by -tion of charge, given the reliability 
of our C1 analysis. 

-... --.. \-.. . * ... .. .. .. .. *. *. * *  ..* .#* .%e& 

Fig. 4. Long-term evolution of [ ~ a + l  in well 
A-16 

+ 
%e pre-event evolution of [K 1 d i f f e r 4  signif- 
icaptly frun the trend obsenred for [Cl I and 
[Na 1 (Fig. 5 ) .  The slop of the straight line 
of Fig. 5 ( 0.41 ppn/daa) is only a fracticm of 

ing the brief early perfod that ends about Au- 
gust 14  the slope of [K ] is similar to  that of 
the rrajor ions. 

the cormon slope of [Cl 1 and [Na I .  only dur- 

~e interpret the behavior of [CI'I, c~a+l , and 
[K'] just discussed as caused by boiling of the 
fluid in  the resenrOir, near the wel.l. Boiling 
wouldbeinduced by pressure drawdam due to 
P- 'on. This interpretation is suggested t3 
the results of the geoth-s (Figs. 6 and 
7): the temperature of the boilirlg fluid near 
the well, calculated with the sj+lica g- 
rN?ter,islmerthanthetanperattureofthe 

ted by the Na/K geotkmxeter,  as srpecfied 
when boiling occurs anxlnd the P@Jx~~ m 

and [Na ] indicate either pres- dmvdcm, or 
increasing specific enthalpy, or both, as re- 
qu.ked by b o i h g  in the m i x  near the 
tell. 

fluid farther in the reservoir represen- 

mmre, the inclfeases of [Cl I r e s m g .  

E-t = m  
WELL @-IS 
Io-K SEOTHERYOYETER 

WELL A-IS 
, 9 m SILICA EE0THERW)YETER 

. 
c 

zao * .  

AUSUST $ f * r f l # L R  ocmm 

Fig. 7. Tkmprature of the f lui@ in the res- 

w e d  by the silica geothenxx~ter. 
voir, near the praaucing w e l l ,  as me: 

The results of the , t s s  (Figs. 6 and 
7) help interpret the observatio#~ just discus- 
sed. The scatter of the temperatures derived 
w i t h  the silica geothermamter i6 significantly 
greater than that of the tgnperatures o b m e d  

-270- 



fran the Na/K gee-ter. 
believe that  the scatter of our silica resu l t s  
my be due m i d y  to errors of diluticm in the 
smples. One way to decrease these errors muld 
be to rely on weight rather than on volm 
masur-ts to better control the dilution of 
the sanples. 

Currently we 

The results discussed above stxm that changes 
as 4 1  as a few w e n t  in+& concentrations 
of the major ions C 1  and Na of produced geo- 
themal brines can be reliably detected by m- 
dard techniques of analysis. "racer re- of 
about 10% of the injected arrpunts are typical 
of fractured reservoirs (e.g. m Cabe et al, 
19811, and greater recovey ratios are usually 
obsenred in  porous reservoxs. Therefore, we 
e l u d e  tipt it is technically feasible to use 
C 1  and N a  fran concentrated reinjected brines 
as tracers for geothennal fluids. Hmeveg, the 
caups tbt can p m k e  increases in [C l  I and 
[Na ] include, besides the arrival of a than- 
i d  frant, boiling in the reservoir, as dis- 
cussed. In t h i s  particular case we w r e  able 

meting the infomation given by [C l  I and [Na 1 
with that provided by the silica and Na/K geo- 
themmeters, and because we knew that the ini- 
tial increases of the chenical amcentratians 
could not possibly arise fmn the a m i d  of 
the chanical front. 

The case where no boiling cccurs should be re- 
cognizable by the lack of significant dif- 
ferences armng the results of the silica and 
Na/K geothermorneters. 

me i n t e r p m t i o n  of the mre Caplex case in 

chenicalfront averlap, .sblild be helped by the 

to distinguish betwem these causes bJ supple-+ 

which both the effects of boilhg and of the 

likely existance of significantly different 
time scales associated with these effects. 
m l u d e  this section we note that  the data 
available so far do not suppr t  the existence 
of hydraulic cummication be- the produc- 
tion and the reinjection areas. 

A t  the thre of writing this report we are 
runing the f i r s t  tracer test in  the ge0thema.I 
field of lios Azufres. In this test we are at- 
tanpting to use ions dissolved in  the concen- 
trated reinjected brines as extremly inex- 
pensive tracers, and to d t o r  the teqerature 
in the reservoir during the test by mans of 
the silica and the Na/K geothemuwters. So 
far the test has been nmning for about 90 days. 
The following conclusions can be drawn f m  the 
existing data: 

The c1- and Na+ dissolved in cancentrated spent 
geotbnd  hrines can be used as reliable and 
sxtrarely inexpensive tracers for 
flows, provided that the injection of the brine 
is s tepl ike  (continwus injection q t  consyt 
flowrate and concentration). The K and Li 

ions are not as reliable as geoihrml 'tracers 
b mainly to the sensibve tgoperature d e p -  
h i e  of their concentrations. 

Chloride, being a comenative major anion, es- 
sentially free of analytical inuerferences, and 
easily and reliably analyzed, i g  the preferred 
tracer. 

It is strongly advisable to msnitor [-+I, [K+l, 
and [Si0 I during the test, in c+rder to a l low 
diagnosig-of boiling in the re-ir, which can 

rival of a chemical front. 
tempratures derived f r a n  the M/K and fmn tb 
silica geothermmters indicates whether boiling 
is occurring in the reservoir nqar ghe pm@cing 
ell (g). -re, lamwing IC1 1 ,  [Na I ,  
and [K ] for particular sanples allows checks of 
the reliability of the analyticdl results, by 
conservation of charge. 

So far, ws have found no evi- of the &s- 
tence of hydraulic ammication betusen the 
reinjection and the production mne. 

cause [ C l  1 to increase indepl&ntly of the a- 
-isan of the 

The authors wish to thank Ing. Padn e y e s ,  
Head of the coordinadora Ejemt$va  de Ias Azu- 
fres of Canisi8n Federal de E 
permission to nm this test, z for kis en- ' 
couragatlent and amperation. W are also de- 
ePlY - to the field perscbnel, far too 
nunemus to identify by nam, for their M 
and amcientiou work, often mder harsh w- 
ther conditions, witbut  which W s  test d d  
have been impossible. 
by Adridn Patiiio. 
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