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ABSTRACT 

The s t a b i l i t i e s  o f  several t racers  were t e s t -  
ed under geothermal condi t ions wh i le  i n j e c -  
t ion- backf low t e s t s  were conducted a t  East 
Mesa. The t racers  I and B r  were i n j e c t e d  
continuously wh i le  SCN (thiocyanate), B, and 
disodium f luoresce in  were each i n j e c t e d  as a 
po in t  source (s lug) .  The t racers  were shown 
t o  be stable, except where the h igh concen- 
t r a t i o n s  used dur ing s lug i n j e c t i o n  induced 
adsorpt ion o f  the  s lug  t racers.  However, ad- 
sorp t ion  o f  the  s lug t racers  appeared t o  ‘ar-  
mor’ the  formation against adsorpt ion dur ing 
subsequent tests .  P r e c i p i t a t i o n  behavior o f  
c a l c i t e  and s i l i c a  as we l l  as Na/K s h i f t s  
dur ing  i n j e c t i o n  are a lso  discussed. 

INTRODUCTION 
The behavior of b r i n e  i n j e c t e d  i n t o  a geo- 
thermal reservo i r  can have important e f f e c t s  
on t h e  longev i t y  o f  a producing geothermal 
f i e l d .  I n  order t o  inves t iga te  b r i n e  behav- 
i o r ,  the  i n j e c t e d  f l u i d  may be labeled w i t h  a 
t racer .  To date, few t racers  have been shown 
t o  be thermal ly  s table as wel l  as chemical ly 
i n e r t  i n  a geothermal reservoi r .  For t h i s  
reason, in ject ion- backf low experiments, con- 
ducted a t  the East Mesa, C a l i f o r n i a  geother- 
mal f i e l d  j o i n t l y  by UURI,  EG&G, Idaho and 
Republ ic Geothermal f o r  the  purpose of deter-  
min ing r e s e r v o i r  parameters, were used t o  
t e s t  several poss ib le t racers.  These t racers  
were Br, I, SCN (thiocyanate), B (borax), and 
d i  sodi um f l  uorescei n . 
The in ject ion- backf low technique (Wright e t  
a1 ., 1984) was used as a t o o l  t o  c o l l e c t  
chemical data dur ing our tests .  This  techni-  
que consis ts  o f  i n j e c t i n g  chemical ly con- 
t r a s t i n g  geothermal f l u i d  ( i n j e c t a t e )  i n t o  a 
geothermal reservoi r ,  and then withdrawing 
the  i n j e c t a t e  along w i t h  the reservo i r  f l u i d  
w i t h  which i t  has mixed. Chemical analyses 
o f  geothermally s table species are used t o  
ca lcu la te  t h e  f r a c t i o n  o f  i n j e c t a t e  (mixing 
f r a c t i o n )  i n  the  recovered f l u i d .  I n  addi- 
t ion ,  more complete chemical analyses o f  the  
recovered f l u i d  provide data on the  behavior 
o f  various n a t u r a l l y  occurr ing chemical 
t racers ,  scale i n h i b i t o r s ,  rock-water i n t e r -  
act ion,  ra tes  o f  na tu ra l  reservo i r  f l u i d  
c i r c u l a t i o n  and heat t r a n s f e r  processes. 

This  repor t  describes t h e  physical set-up o f  
t h e  in ject ion- backf low tests ,  the  observed 
t r a c e r  s t a b i l i t i e s ,  and the  f l u i d  composition 
changes which occurred dur ing  the tes ts .  

GEOLOGIC SETTINQ 
The East Mesa geothermal f i e l d  i s  located on 
the  broad eastern bench (mesa) o f  the  Imper- 
i a l  Valley, i n  southern C a l i f o r n i a  (Fig. 1).  
The geothermal reservo i r  occur$ i n  up t o  four  
k i lometers o f  T e r t i a r y  and Quaternary lacus-  
t r i n e  and d e l t a i c  sediments. Permeabi l i ty  i n  
these sediments i s  mat r i x  dominated. Hydro- 
l o g i c  f l o w  i s  p r i m a r i l y  hor i zon ta l ,  w i t h  
f a u l t s  prov id ing t h e  minor v e r t i c a l  component 
of permeabi l i ty  as we l l  as the  recharge o f  
thermal f l u i d s  (Bai ley, 1977). 
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Figure 1. Location map o f  East Mesa 
geothermal f i e l d .  

Two w e l l s  were chosen f o r  in ject ion- backf low 
experiments a t  East Mesa--Repub1 i c  Geother- 
mal, Inc. Wells 56-30 and 56-19. These w e l l s  
were selected f o r  comparative t e s t s  because 
t h e i r  temperatures and f l u i d  compositions 
d i f f e r  and because they produce from d i f f e -  
ren t  depths. Well 56-30 produces a 174OC so- 
dium ch lo r ide  f l u i d  having a t o t a l  d issolved 
s o l i d s  (TDS) content o f  1700 ppm from a depth 
o f  1820 m. Well 56-19 produces a 126OC so- 
dium ch lo r ide  f l u i d  having a TDS content o f  
4900 ppm from a depth o f  910 m. The wel l  
used t o  supply the  i n j e c t a t e  was Republic 
Geothermal, Inc. Well 38-30. F l u i d  from t h i s  
we l l  i s  s i m i l a r  i n  temperature and composi- 
t i o n  t o  t h a t  from Well 56-30. The two wel ls,  
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56-30 and 38-30, are believed, as a r e s u l t  o f  
pressure- transient tes ts ,  t o  be i n  hydraul ic  
communication (D. Michels, pers. comm., 
1983). Average chemical analyses o f  f l u i d s  
from these we l l s  are l i s t e d  i n  Table 1. 

TABLE 1. AVERAGE CHEMlCAL COMPOSITION I N  nG/L OF FLUID 
FROM REPUBLIC WELLS 56-30, 56-19. AND 38-30. 

l n j e c t i o n  Uells Supply Uell 

Uell 56-30 Well 56-19 Uell 38-30 

Na 585 

K 23 
Ca 6 
H9 (0.5 

si o2 176 

Sr 0.72 
L i  0.45 

B 0.98 

c1 519 

F 2.3 
TDS 1760 

PH 6.4 

HC03 58 1 

so4 171 
I (0 .1  

SCN (0.5 
Br (0.2 

n.d. * not determined 

1848 
44 

17 

2.7 

9 1  

2.59 

1.99 
8.38 

2280 

2.3 
4840 

6.7 

1120 

33 

0.5 

(0.5 

2.2 

647 

26 
6 

(0.5 

210 

0.78 

0 .61  

n . d . l  
n.d. 
n.d. 
n.d. 

n.d. 

n.d. 
(0.1 
(0.5 

6.12 

n.d. 

DESCRIPTION OF TESTS 
Physical Set-up 

F l u i d  from Well 38-30 was t ranspor ted approx- 
imate ly  0.8 km i n  i r o n  p ipe t o  t h e  56-30 wel l  
s i t e ,  where i t  was f lashed a t  atmospheric 
pressure. C a l c i t e  scale i n h i b i t o r  was added 
immediately p r i o r  t o  f lashing. The f lashed 
f l u i d  was then t ranspor ted v i a  c e n t r i f u g a l  
pump t o  e i t h e r  the  56-30 o r  the  56-19 we l l  
head. The t r a c e r  so lut ion,  made up before-  
hand using f l u i d  from Well 38-30, was i n j e c t -  
ed i n t o  the f l o w l i n e  ahead o f  the  c e n t r i f u g a l  
pump, using a p o s i t i v e  displacement pump, a t  
a r a t e  o f  0.06 t o  0.12 l / s .  
The flow r a t e  o f  t r a c e r  i n j e c t i o n  was con- 
t r o l l e d  manually. The f l o w  r a t e  o f  the  t o t a l  
i n j e c t e d  f l u i d  was c o n t r o l l e d  by an automatic 
f low-control loop downstream o f  t h e  t r a c e r  
i n j e c t i  on. 
Test Parameters 
The designation numbers and parameters f o r  
each o f  the t e s t s  a t  East Mesa are given i n  
Table 2. 
Before in ject ion- backf low t e s t i n g  began, each 
i n j e c t i o n  wel l  was flowed tw ice  f o r  a t  l e a s t  
one day t o  obta in samples f o r  es tab l i sh ing  
t h e  composition o f  the  na tu ra l  reservo i r  
f l u i d  p r i o r  t o  tes t ing .  These f low t e s t s  
were designated 1(-30) and 2(-30) f o r  Well 
56-30, and 1(-19) and 2(-91) f o r  Well 56- 

19. Tests 3(-30) and 3(-19) were i n j e c t i o n-  
backflow t e s t s  conducted under i d e n t i c a l  con- 
d i t i o n s  on each o f  the two wel ls. One h igh 
f low- rate (31.5 1/s) t e s t  and one h igh vo l -  
ume/high f low- rate t e s t  were run on Well 56- 
19. These t e s t s  have been designated as 
Tests 4(-19) and 6(-19), respect ive ly .  Eacn 
o f  these in ject ion- backf low t e s t s  had a quie-  
scent per iod of 12 hours between i n j e c t i o n  
and backflow. For the  l a s t  two tes ts ,  4&5(- 
30) and 8&9( -19), t racer- sp i  ked f l u i d  was 
i n j e c t e d  and l e f t  quiescent f o r  6.5 and 5.5 
months, respect ive ly ,  before backflow. 
Chemi ca l  Tracers 
The t racers  used a t  East Mesa were anions 
chosen because our experience a t  Raf t  River  
(Capuano e t  a1 ., 1983) had ind ica ted  t h a t  
they may be conservative. These t racers  were 
chlor ide,  iodide, disodium f luorescein,  t h i o -  
cyanate (SCN) , and boron as commerci a1 borax 
(Na,BbO,*5Hfi). With t h e  exception o f  C1, 
t h e  t r a c e r s  were t h e  sodium s a l t  o f  the  
anion. C1 was obtained as L iCl  so t h a t  the  
behavior o f  L i  could a lso  be evaluated. 
Tracer species used f o r  each t e s t  are l i s t e d  
i n  Table 2. 

TABLE 2. SUMMARY OF INJECTION-BACKFLOU TEST PARAMETERS 

Test I n j e c t i o n  
Oesiynat ion  Well 

1( -30)  56-30 
2( -30)  56-30 
3( -30)  56-30 

465(-30) 56-30 
1 ( - 1 9 )  56-19 
2 ( -19)  56-19 
3 ( - 1 9 )  56-19 
4 ( - 1 9 )  56-19 
6(-19) 56-19 

869(-19) 56-19 

Quiescent Tracers  
Per iod  Continugus SI ug 

n.a.1 n.a. 
n.a. n.a. 

12 hr. KCL 
6.5 mo. Nal 
n.a. n.a. 
n.a. n.a. 

12 h r .  L i C l .  Nal 
12 hr. NaBr 
12 hr.  Na l  

5.5 mo. NaBr 

, 
n.a. 
n.a. 

E a x  
Na2FL ?, NaSCN 

n.a. 

1 n.a. = not  a p p l i c a b l e  

Na2FL. = disodium f l u o r e s c e i n  

E i t h e r  one o r  two o f  the  t racers,  Br, I, and 
C1, were continuously added t o  Well 38-3a 
f l u i d  dur ing  each i n j e c t i o n .  I n  addi t ion,  
disodium f luoresce in  and e i t h e r  B o r  SCN wer 
i n j e c t e d  a t  h igh concentrat ions f o r  a p e r i o  
of f i v e  minutes dur ing  each f n j e c t i o n  as 4 
p o i n t  source or slug. The combination 09 
t racers  was based i n  p a r t  on a n a l y t i c a l  con+ 
s iderat ions.  For example, t i t r a t i o n  o f  Br 
w i l l  a lso t i t r a t e  SCN, so the  se ts  used were 
B r  + B and I + SCN. Continuous t racers  were 
always B r  o r  I ,  and s lug  t r a c e r s  were con- 
s i s t e n t l y  B o r  SCN. 

Sampl i ng Procedure 
F l u i d  sampled dur ing  a l l  experiments was 
cooled below 40°C p r i o r  t o  sampling t o  pre- 
vent evaporat ive cool ing loss. Sample i n t e r -  
va ls  var ied from one minute t o  e i g h t  hours, 
and were determined by t h e  r a t e  o f  change o f  
e l e c t r i c a l  conduc t i v i t y  and/or f l  uorescence 
of the t e s t  f l u i d .  The samples were analyzed 
fo r  the  t r a c e r  s u i t e  o r  f o r  a mult i-element 
su i te ,  cons is t ing  o f  Na, K, Mg, Fe, Si02, S r ,  

1 
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L i ,  B, HC03, SO4, C1, F, TDS,, pH and the  
re levant  t racers .  Ca was not  analyzed by us 
f o r  a m a j o r i t y  of the  samples due t o  contami- 
nat ion,  discovered a f t e r  t he  tes t s ,  from 
b lack  phenol ic r e s i n  caps used on the sample 
bo t t l es .  However, a concurrent i n v e s t i g a t i o n  
by Republic Geothermal, Inc. (Michels, 1983) 
on c a l c i t e  sca l i ng  dur ing  i n j e c t i o n  has pro- 
vided reasonable coverage o f  Ca concentra- 
t i o n s  du r i ng  t h e  tes t s .  These values are  
included along w i t h  our chemical data i n  a 
companion repo r t  which documents a l l  analyses 
(Adams e t  a1 . , 1984). 

Detec t ion  l i m i t s ,  estimates o f  a n a l y t i c a l  
p rec is ion ,  sample preservat ion  methods, and a 
more comprehensive explanat ion of t he  analy- 
t i c  techniques used can be found i n  Kroneman 
e t  a1 . (1984). 

RESULTS 

Calcu la t ion  Procedures 

The f r a c t i o n  o f  i n j e c t a t e  present i n  each 
backflow sample was ca lcu la ted from t h e  
re1 a t  ionsh i  p: 

c, - c, 

where Xi = f r a c t i o n  of i n j e c t a t e  i n  t he  i t h  
sample o f  the  recovered f l u i d ,  

t r a c e r  i n  t he  i t h  sample o f  t h e  
recovered f l u i d ,  

t r a c e r  i n  the rese rvo i r  f l u i d ,  and 

va t i ve )  t r a c e r  i n  the  i n j e c t e d  
f l u i d .  

Ci = concentrat ion o f  conservat ive 

CR = concentrat ion of conservat ive 

CI = average concentrat ion o f  (conser- 

The expected concentrat ions o f  o ther  species 
were then pred ic ted from the  re la t i onsh ip :  

cpi = XiCI + (l'Xi)CR , (2) 

where Cpi = p red ic ted concentrat ion based on 

The actual  and pred ic ted concentrat ions were 
p l o t t e d  against  cumul a t i  ve vol  ume. These 
comparisons are shown f o r  selected elements 
i n  Figures 2 t o  5. 
The t o t a l  mass o f  t r ace r  recovered was a lso  
determined and compared w i t h  t h e  mass o f  
t r a c e r  i n j e c t e d  t o  he lp  evaluate whether or  
no t  t h e  t r a c e r  had undergone reac t i on  i n  t h e  
reservo i r ,  i.e. whether o r  no t  t he  t r a c e r  was 
conservative. The mass o f  t r a c e r  recovered 
(M) was ca lcu la ted using t h e  equation 
(Capuano e t  a1 . , 1983) 

assumption of conservat ive 
behavior. 

where T i  = r e l a t i v e  c o l l e c t i o n  t ime of the  
i t h  sample; 

Ri = average f low r a t e  dur ing  t ime 
i n t e r v a l  Ti t o  Ti+l, and 

n = number o f  samples. 

F luc tuat ions  i n  t he  chemistry o f  t h e  i n j e c -  

t a t e  or  rese rvo i r  f l u i d  can r e s u l t  i n  an i n -  
j e c t a t e  f r a c t i o n  somewhat greater  than one o r  
l e s s  than zero. I n  these cases CIX. i s  re- 
placed by Ci o r  0, respect ive ly ,  i n  kqua t i on  
3. 

DISCUSSION 

Conservative Species 

The species which behaved conservat ive ly  i n  
our experiments were C1, B r ,  I, disodium f l u -  
orescein, and SO4. Two c r i t e r i a  were used 
f o r  dec id ing i f  a species behaved conserva- 
t i v e l y .  The f i r s t  c r i t e r i o n  WBS complete re- 
covery of t he  i n j e c t e d  species mass. Com- 
p l e t e  recovery was i nd i ca ted  by a value c lose 
t o  1.00 f o r  the  r a t i o  o f  recovered t o  i n j e c t -  
ed mass (recovery r a t  i 0 ) .  Recovery r a t i o s  
f o r  C1, Br, I ,  disodium f luorescein,  and SO4 
ranged from 0.91 t o  1.03. The second c r i t e -  
r i o n  was concordance of t he  actual  recovery 
concentrat ions o f  a species w i t h  concentra- 
t i o n s  pred ic ted from a species already shown 
o r  assumed t o  be conservative. Th is  c r i t e r i a  
was based on the  i n i t i a l  assumption t h a t  C1 
was conservative. Evidence f o r  t he  v a l i d i t y  
o f  t h i s  assumption has been given by C i c c i o l f  
e t  a l .  (19801, who showed t h a t  t he  chromato- 
graphic r e t e n t i o n  t ime  o f  t h e  C1 i o n  was 
equal t o  t h a t  o f  pure water, w i t h i n  a n a l y t i c  
e r ro r .  The s ta t i ona ry  phase ma te r i a l s  used 
were l imestone and sand. 

Nonconservati ve Species 

The most reac t i ve  species tes ted  were t h e  
s lug  t race rs  SCN and B, and t h e  common scal. 
i n g  species Ca and Si02. Othelr species, such 
as Na, K, and L i ,  reacted t o  a l esse r  extent.  

Slug Tracers 
The recovery r a t i o s  f o r  t h e  s lug  t race rs  are 
l i s t e d  i n  Table 3, and recovery p l o t s  f o r  SCN 
and B were shown i n  Figure 2. The pred ic ted 
s lug- t racer  recovery curves ane based on the1 
conservat ive behavior o f  disodiium f l  uorescei ni 
as i n f e r r e d  from i t s  recovery r a t i o s .  These' 
curves are more dependable than the  recovery 
r a t i o  because they depend on t h e  e a s i l y  mea- 
sured r a t i o  between t h e  s lug  t racers .  In-  
spect ion o f  these curves shows tha t ,  con t ra ry  
t o  i t s  recovery r a t i o ,  no net  gain o f  SCN i s  
i nd i ca ted  f o r  Test 6(-19). The curves f o r  
Tests 3(-19) and 4(-191, hwever ,  are i n  
agreement w i t h  t he  recovery ra t i os .  The s lug  
recovery fo r  Test 3(-19) was spread out  over 
3 i n j e c t i o n  volumes. The data suggest t h a t  
t h i s  i s  not  a chemical phenomenon, but  ra the r  
a hydro1 og i  c compl i c a t  i on. 

The s lug t race rs  SCN and B l o s t  up t o  36% o f  
t h e i r  i n j e c t e d  mass i n  some tes t s ,  bu t  be- 
haved conservat ive ly  i n  others.  It i s  hypo- 
thesized here t h a t  SCN and B were i r r e v e r s i -  
b l y  adsorbed onto format ion minerals due t o  
t he  extremely h igh concentvat ion present 
du r i ng  t h e  i n j e c t i o n  o f  t he  slug, and t h a t  
t he  format ion was armored by the  f i r s t  s lug  
i n j e c t i o n  such t h a t  s lug  t race rs  i n  subse- 
quent t e s t s  were no t  detec tab ly  adsorbed. 
The reasoning for  t h i s  i s  as fo l lows:  t he  
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VI 

VI 

I I 4  

;r 
Figure  2. Recovery curves o f  s lug  t race rs  

used on Well 56-19. Dashed l i n e s  
a re  pred ic ted concentrat ions and 
s o l i d  l i n e s  are measured concen- 
t r a t i o n s .  VI = volumes o f  
i n j e c t a t e  recovered. 

TABLE 3. RECOVERY RATIOS OF SLUG TRACERS 

Recovery 
Test Ra t i o  

3( -30) 0.69 (E) 
4( -30) 0.64 (SCN) 
3(-19) .91 (I), .96 (Na2FL.I1 
4(-19) .96 (Br) ,  .93 (Na2FL.) 
6(-19) .98 ( I ) ,  1.03 (Na2FL.) 

Na2FL. = disodium f l uo resce in  

s lug  t race rs  SCN and B each l o s t  approximate- 
l y  35% o f  t h e i r  i n j e c t e d  mass du r i ng  t h e  
f i r s t  t e s t  (3(-19), 3(-30)) o f  each wel l  
whereas no s lug t r a c e r  (mass) was l o s t  du r i ng  
the  second (4(-19)) o r  t h i r d  (3(-19)) t e s t  o f  
Well 56-19. I f  t h e  SCN and E adsorbed a t  a l l  
concentrat ions except where t h e  format ion 
m i  nera l  s were armored, then SCN would have 
been adsorbed du r ing  Tests 6(-19). This  
would have occurred because t h e  volume o f  
i n j e c t a t e  was doubled dur ing  Test 6(-19) and 
the  s lug  was i n j e c t e d  a t  t h e  lead ing edge o f  
t he  i n jec ta te .  Thus unarmored minerals would 
have been encountered by t h e  s lug  t racers .  
Since SCN was not  l o s t  dur ing  Test 6(-19). 
and t h e  s lug  was con t i  nuously d i  1 uted du r i ng  
i n j e c t i o n ,  i t  must be concluded t h a t  t he  l ack  
o f  adsorbt ion was due t o  the  lower concentra- 
t i o n s  o f  SCN a t  t he  greater d istance from t h e  
we1 1 bore. 

An apparent except ion t o  t he  hypothesis t h a t  
adsorpt ion w i l l  no t  occur once the near-well- 
bore format ion i s  armored i s  t he  36% l oss  o f  

SCN dur ing  Test 4&5(-30), which was the  sec- 
ond in jec t ion- backf low t e s t  o f  Well 56-30. 
Adsorption dur ing  t h i s  t es t ,  however, occur- 
red over a 6-month quiescent per iod.  More- 
over, t he  i n j e c t e d  f l u i d  d r i f t e d  away from 
the  wel lbore  dur ing  t h i s  t e s t  such t h a t  un- 
armored minerals were encountered. Thus, t h e  
adsorpt ion k i n e t i c s  are  slow but  detec tab le  
a t  concentrat ions below those o f  s l ug  
i n j e c t i o n .  

Ca and SiO, - 
Dur ing t h e  in jec t ion- backf low t e s t s  a t  East 
Mesa both  Ca and Si02 were l o s t  du r i ng  i n j e c -  
t i on .  Recovery curves f o r  Tests 6(-19) and 
3(-30) are shown i n  Figures 3 (Ca) and 4 
(Si02).  Test 6(-19) i s  representa t ive  o f  a l l  
t e s t s  on Well 56-19, as t h e  papameters t es ted  
had l i t t l e  e f f e c t  on t h e  p r e c i p i t a t i o n  o f  Ca 
and Si02. 

20- 
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TEST 3(-30) t 
01 1 1 2 3 1 5 b 

VI 
Figure  3. Recovery curves con t ras t i ng  Ca 1 

behavior i n  Wells 56~19 and 56- 
30. See Fig. 2 and t e x t  f o r  
explanation. 

Inspect ion  o f  t he  recovery curves i n  Figures 
3 and 4 shows tha t ,  i n  most aases, minera ls  
t h a t  p r e c i p i t a t e d  du r i ng  i n j e c t i o n  were then 
d isso lved a f t e r  t he  unmixed body o f  i n j e c t a t e  
had been recovered. The on ly  Case where t h i s  
d i d  no t  occur was t h e  p r e c i p i t a t i o n  o f  Ca 
dur ing  Test 3(-30). During t h i s  t e s t  aqueous 
Ca concentrat ions were reduced t o  as low as 
30% o f  t he  i n j e c t e d  concentrat ion.  In addi- 
t i o n ,  rese rvo i r  Ca concentrat ions d i d  n o t  
r e t u r n  t o  t he  background values o f  6.0 ppm 
u n t i l  6.5 i n j e c t i o n  volumes ha4 been recover- 
ed. The prolonged p r e c i p i t a t i o n  o f  Ca from 
the  rese rvo i r  f l u i d  i n  Well $6-30 may have 
been due t o  the  at ta inment o f  c r i t i c a l  nu- 
c l e a t i o n  s i ze  o r  may simply be re la ted  t o  the  
degree of supersaturat ion i n  t he  f l u i d .  
The maximum amount o f  Ca p r e c i p i t a t i o n  i n  
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Well 56-30 occurred a t  l e a s t  0.6 i n j e c t i o n  
volumes away from t h e  wel lbore  (Fig. 4) 
(Michels, 1983). However, t he  maximum Ca 
p r e c i p i t a t i o n  dur ing  Well 56-19 t e s t s  occurr-  
ed adjacent t o  the  wellbore. Thus i t  appears 
tha t ,  u n l i k e  the  behavior o f  Ca i n  Well 56- 
30, t he  scale i n h i b i t o r  f a i l e d  t o  prevent 
near-wellbore p r e c i p i t a t i o n  i n  Well 56-19. 

I I I 4 5 6 

"I 
Figure  4. Recovery curves con t ras t i ng  Si02 

behavior i n  Wells 56-19 and 56- 
30. See Fig. 2 and t e x t  f o r  
explanat ion.  

Although up t o  50% o f  i n j e c t e d  Si02 was l o s t  
du r i ng  i n j e c t i o n  i n  bo th  we l ls ,  recovery o f  
t h i s  species d i f f e r e d  between the  two wel ls.  
Recovery o f  t h e  s i l i c a  p r e c i p i t a t e  i n  Well 
56-30 was rap id  and complete, 1.e. no s i l i c a  
from t h e  i n j e c t e d  f l u i d  was l e f t  i n  t he  wel l .  
Recovery o f  t he  s i l i c a  p r e c i p i t a t e  i n  Well 
56-19, however, occurred somewhat l a t e r  than 
i n  Well 56-30 and was incomplete. Up t o  20% 
o f  t h e  i n j e c t e d  s i l i c a  was l e f t  i n  Well 56- 
19. 

It has been suggested by Fourn ier  (1981) t h a t  
chalcedony should be considered as the  equ i l -  
ib r i um Si02 polymorph f o r  geothermal systems 
w i t h  temperatures below 180OC. Despi te t h i s  
genera l iza t ion ,  t he  pred ic ted quar tz  geother- 
mometer temperatures f o r  t h e  three East Mesa 
t e s t  we l l s  are i n  c lose agreement w i t h  t h e i r  
measured temperatures o f  174OC and 126OC. 
The recovery curves f o r  Well 56-19, however, 
d i sp lay  f l a t  minimums where concentrat ions 
a re  i n  agreement w i t h  chalcedony equi 1 i b r i  um; 
t h i s  occurs desp i te  t h e  abundant quar tz  i n  
t h e  East Mesa rese rvo i r  rock. 

Na/K - 
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Temperature-induced s h i f t s  i n  t h e  Na/K and 
Na/Ca r a t i o s  o f  a f l u i d  co- ex is t ing  w i t h  
a1 k a l  i -bear i  ng a1 umi no-si1 i cates have been 
pred ic ted by theory and empi r ica l  data (e.g., 
Fourn ier  and Truesdel l ,  1973). As shown i n  
F igure  5, these s h i f t s  occurred i n  t he  f l u i d  
i n j e c t e d  i n t o  Well 56-19. The Na-K-Ca (-Mg) 

geothermometer temperatures (Fournier and 
Truesdel l ,  1973; Fourn ier  amd Pot ter ,  1979) 
were ca lcu la ted from chemical analyses of the 
recovered f l u i d .  A1 though these pred ic ted 
temperatures are not  v a l i d  due t o  t he  prec l -  
p i t a t i o n  o f  c a l c i t e  du r i ng  the  t e s t s  (Four- 
n i e r  and Truesdel l ,  1973), t h e  s i m i l a r i t y  
between t h e  pred ic ted and measured tempera- 
tu res  demonstrates t h a t  t he  i on  r a t i o  s h i f t $  

No 4 [ -- 
(Ppcn) 

TEST 4(-19) v 
d /'/ 

TEST 4(-191 

d I I 3 ' 4  I 

"1 
Figure  5. Recovery curve conurast ing 

behavior o f  Na and K i n  Well 56- 
19. See Fig. 2 and t e x t  f o r  
explanation. 

were of t he  proper magnitude and d i r e c t i o n  
f o r  decreasing f l u i d  temperatures. 
Cat ion vs Anion Tracers 

Our choice of t r ace rs  f o r  these t e s t s  was 
based on t h e  assumption Qf  p re fe ren t i a l  
occurrence o f  ca t i on  exchanlge r a t h e r  thdh 
anion exchange i n  rese rvo i r  rock alumin0 
s i l i c a t e s .  As mentioned above, Na and K wec 
shown t o  be unsu i tab le  t racehs f o r  t h e  Eas 
Mesa system. The ca t i on  L i  has a lso  evalu 
ated, and was shown t o  be cdnservat ive when 
used as a t r a c e r  i n  Test 3(-L9). However, a 
few tenths  o f  a ppm out o f  t h e  100 ppm o f  L i  
i n j e c t e d  was l o s t  du r i ng  Test 3(-19). Thiq 
i s  c l e a r l y  shown by the  elevlated background 
concentrat ions o f  L i  dur ing  Test 4(-19), 
which was performed imnediatjely a f t e r  TesC 
3(-19). The t r a c e r  B was compared i n  a 
s i m i l a r  manner, and no elevated background 
concentrat ions were found. Thus, a l thougq 
some c a t i o n  t r a c e r s  may l o s e  l e s s  than om4 
hundredth o f  t h e i r  i n j e c t e d  concentrat ion,  
extensive f l ow  may be requ i red t o  c l e a r  t ha  
rese rvo i r  o f  t h e i r  presence. 

Other Species 

The behavior o f  S r ,  HC03, F, Mg and Fe were 
a l so  examined. Recovery p l o t $  o f  species S r  
and HCO3 were no t  included i n  t h i s  repor t  
because t h e i r  behavior mimics t h a t  of Ca and 
t h e  p l o t s  would be redundant. Concentrations 
o f  F and Mg were too  low t o  g ive  r e l i a b l e  re-  
covery data, and thus were a l so  deleted. 
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Concentrations o f  Fe were found t o  be depen- 
dent on the  f l o w  h i s t o r y  of t he  t e s t ,  and 
were thus the  r e s u l t  of contamination from 
the  we l l  casing. 

CONCLUSIONS 

Chemical losses and gains occurred i n  t he  
i n j e c t e d  f 1 u ids  du r i ng  the  i n j e c t i  on-backfl ow 
t e s t s  conducted a t  East Mesa. Three mechan- 
isms were found t o  account f o r  these chemical 
changes i n  t he  t racer- labe led f l u i d  i n j e c t e d  
a t  East Mesa; i r r e v e r s i b l e  adsorption, rever-  
s i b l e  adsorption, and mineral  p r e c i p i t a -  
t i on .  I r r e v e r s i b l e  adsorpt ion occurred when 
h i g h l y  concentrated so lu t i ons  o f  SCN or B 
were i n j e c t e d  as po in t  sources. Up t o  36% o f  
t h e  i n j e c t e d  mass o f  these s lug t race rs  was 
l o s t  upon the  f i r s t  exposure o f  the  rese rvo i r  
rock t o  these compounds. I n  subsequent 
shor t- dura t ion  tes t s ,  SCN and B were con- 
served due t o  armoring o f  t he  adsorbing 
s i tes .  

Reversible adsorpt ion ( i nc lud ing  i o n  
exchange) was detected f o r  t he  monovalent 
ca t ions  Na, K, and L i .  The e f f e c t  o f  t h i s  
mechanism was t o  change t h e  shape o f  t h e  
recovery curve and temporar i l y  r a i s e  t h e  
background concent ra t ion  o f  these species i n  
t h e  rese rvo i r  f l u i d .  Thus, t h e  use o f  a 
c a t i o n  t r a c e r  i s  no t  advisable. 

Mineral  p r e c i p i t a t i o n  of c a l c i t e  and s i l i c a  
was extensive dur ing  the  t e s t s  conducted a t  
East Mesa. Concentration of Si02 and Ca were 
reduced by one-half a t  0.5 i n j e c t i o n  volumes 
o f  recovery. Dur ing the  short- term t e s t  o f  
Well 56-30, Ca cont inued t o  be l o s t  un t i l  6.5 
i n j e c t i o n  volumes were recovered. Th is  beha- 
v i o r  i s  a f unc t i on  o f  t h e  degree o f  supersat- 
u r a t i o n  o r  t he  c r i t i c a l  s i ze  o f  nucleat ion.  

The s i l i c a  polymorph t h a t  p r e c i p i t a t e d  dur ing  
t h e  t e s t s  was metastable w i t h  respect t o  the  
rese rvo i r  f l u i d .  S i l i c a  p r e c i p i t a t e d  du r i ng  
these t e s t s  was p a r t i a l l y  d isso lved by reser-  
v o i r  f l u i d  du r i ng  the  recovery stage o f  each 
t e s t .  
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