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INTRODUCTION 

The s t imulat ion o f  geothennal wells presents some new and chal lengi  ng 
problems. The 
behavior o f  f rac f l u i d s  and proppants a t  these temperatures i n  a h o s t i l e  b r ine  
environment must be c a r e f u l l y  evaluated before performance expectations can be 
determined. In order t o  avoid possible damage t o  the producing horizon o f  the 
formation, the  high-temperature chemical compat ib i l i t y  be twen the  i n  s i t u  
mater ia ls and the f rac f lu ids,  f l u i d  additives, and proppants must be ver i f ied.  
Perhaps most s ign i f i can t  o f  a l l ,  i n  geothermal wells the  required techniques 
must be capable of  br inging about the production o f  very large mounts o f  
f l u id .  This necessity Tor high f low rates represents a s ign i f i can t  departu 
from conventional o i l  f i e l d  s t imulat ion and demands the creat ion of f rac tu r  
wi th very high f l o w  conduct iv i ty  o r  large f racture surface areas i n  the  case o f  
matr ix permeabil i ty daninated formations. 

St imulat ion treatments have been conducted i n  formations which produce hot 
water as a resu l t  o f  both matr ix permeabil i ty and from natural  ex i s t i ng  
f rac tu re  systems. 
in te res t  t o  t h i s  program: 

Formation temperatures i n  t h e  300-500 "F range can be. expected. 

' 

The fo l lowing targets o f  opportunity are o f  pa r t i cu la r  

. We1 1s tha t  require addi t ional  drainage area because of  i n s u f f i c i e n t  
formation permeabil ity. . Wells tha t  d id  not in tersect  nearby major f rac tu re  systems. . We1 1s tha t  suffered man-made damage during d r i l  l i n g  o r  completion 
operations including mud o r  cement invasion. . Wells t h a t  require per iodic remedial treatment as a r e s u l t  of f l u i d  
production re la ted damage. 

Although numerous c r i t e r i a  have been established f o r  the se lect ion o f  candidate 
wells, the most s ign i f i can t  i s  d e f i n i t e  proof o f  a good producing reservoir .  
These data are normally obtained .from of f se t  wel l  production. 

PROPPANTS 

Although sand i s  general l y  used as a proppant today and i t  has been the  
most widely used i n  the past, i t  i s  not strong enough t o  withstand the  
condi t ions i n  geothermal wells a t  .elevated temperatures. Sand i s  d e f i n i t e l y  
af fected by temperature, pa r t i cu la r l y  when tested i n  hot water o r  b r i ne  a t  
various closure stresses. Figure 1 shows the ef fect  o f  temperature on canmon 
frac sand (20/40 mesh). These resu l ts  are short term resu l t s  and on ly  suggest 
the  sever i ty o f  long term f i e l d  results. 

I 

L : 
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QOSURE STRESS (pi) 

Fig. 2. Permeabil i ty vs. Closure 
Stress f o r  Temperature 
Insensi t ive Proppants. 

F i r s t ,  the sand i s  b r i t t l e  and point-to-point loading can cause b r i t t l e  
fa i lu re .  
sand. 
stress corrosion cracking appears . t o  destroy the  sand a t  1 ow closure stresses. 
High temperatures and high stresses combine t o  br ing out the worst propert ies 
o f  sand and tend t o  emphasize the  f a c t  t h a t  sand i s  inadequate as an e f f e c t i v e  
proppant under high-temperature conditions. 

no temperature s e n s i t i v i t y  rmeab i l i t y  decrease under load. The Resin 
Coated Sand i s  not temperat 
permeabi l i ty  a t  any closure stress due t o  a s l i g h t l y  d i f f e r e n t  d i s t r i b u t i o n  o f  
p a r t i c l e  sizes. Figure 2 shows the  permeabil i ty o f  Resin Coated Bauxite and 
Resin Coated Sand under varying closure stress t o  10,000 p s i  a t  35OOF. No 
temperature dif ferences o r  sens i t  v i t i e s  were found so t e s t s  a t  a l l  tempera- 
tures gave the same resu l ts  shown i n  Fig. 2 w i t h i n  experimental scatter. One 
important point i s  t h a t  t he  r e s i n  coated materials are cohesive; therefore, 
once emplaced i n  the fracture, flowback i s  reduced during production. Although 
s l i g h t l y  crushable, the  Sintered Bauxite i s  much stronger than sand and 
e f f e c t i v e l y  i n e r t  i n  hot brines. Figure 2 sho ered Bauxite 
permeabil i ty b r increasing closure s exceeds Resin Coated 

There are several mechanisms t h a t  can destroy sand grains i n  the  f racture.  

Second, sand i s  f u l l  o f  microfractures and f a u l t s  which weaken t h e  
F ina l l y ,  when sand i s  stressed i n  a corrosive medium l i k e  hot water, 

he strongest proppant t o  date i s  Resin Coated Bauxite., It shows 

r ,load sensitfve, but does have a s l i g h t l y  lower 

a t  10,000 psi. 
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FLUIDS L' 
Many fluids and fluid systems have been tested for geothermal wells. 

Water soluble polymers are the main viscosifiers for application in geothermal 
wells. 
There are many techniques t h a t  can be used to  delay this decline o r  degradation 
in properties. One such technique i s  the addition of 5% methanol t o  the 
polymer water solutions, which has a stabilizing effect on the fluid. Other 
proprietary products are available which can be added as  high-temperature 
stabilizers. The effect of temperature on the viscosity of some proposed 
polymer-water frac fluid systems is illustrated in Fig. 3. 
viscosity of polymer "A" a t  temperatures above Z O O O F  could result i n  poor 
proppant placement in a high-temperature geothermal stimulation treatment. 
Laboratory testing of proposed frac fluids a t  elevated temperatures i s  a very 
significant element of the DOE geothermal well stimulation progran. 

Above 250°F almost all polymer systems show a decline i n  viscosity. 

The rapid decline i n  

Dissolved oxygen can cause 
polymer degradation b u t  by adding an 
oxygen scavenger t o  the water this 
effect can be minimized. The type 
and mount of polymer determines the 
speed and extent of degradation. 
Polymers used i n  fracturing are of 

400 - these basic types: polysaccharides , 
modified cel lul oses and polyacryl a- 
mides. These particular polymers wre  
chosen because of their unique ability 
t o  viscosify water, and a t  the same 
time t o  reduce tubular friction and have 
a good tolerance t o  brine. An ideal 
frac fluid would have the properties of 
h i g h  vi scosi t y  for proppant carryi ng , 
low pumping friction, wide chemical 
compatibility, and low cost. In the 
case of geothermal wells, an ideal frac 
fluid would retain i t s  desirable 
properties a t  the high temperature 

the proppant i n  the fracture. 

VlSCOSlTY 
IN 

CENTIPOISE 

100 - 
40 - 
10 - 
4 -  

100 200 300 

TEMPERATURE CF) 

Fig. 3. Polymer-Water Frac Flu id  until i t  has done i t s  j o b  of placing 
Vi scosi ty vs Temperature. 

PLANAR AND DENDRITIC FRACTURING 

Conventional fracturing is an attempt t o  make a planar, vertical fracture 
i n  the producing formation. This occurs when the pressure and fluid flow i s  
sufficient to  break the formation i n  i t s  plane of wakness. After the planar 
fracture i s  created,' a proppant i s  carried i n t o  the fracture t o  keep i t  open 
and conductive for subsequent production. In geothermal we1 Is, large ttbul ar.  
goods are available and the producing formations are reasonably shallow so t h a t  
h i g h  flow rates can be used to  create the pl anar fractures. Along w i t h  
efficient fracture creation, convective cooling can be achieved t o  keep the 
working fluid cooler t h a n  the anbient formation temperature. Fluid systems 

appl ication. Each formation's permeabil ity, porosity and temperature also 
t h a t  canplement the h i g h  flow rate fracs are chosen for each particular cj 
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b, affects the selection of t h e  
viscosity. The complex chemi emperat ure water requires 
canplete chemical c 

system's physical properties such as i ts  

in proponent of branched or 
dendritic fracturing has been Kiel . 

750 Kiel fracs have been run  
Dendritic fractures are 

caused by pulsing the formation which 
causes formation spalling and diversion 
of the fracture wings by downhole 
stress modification. Methods t o  
predict the extent and direction of the 

the best results have been 
in naturally fractured 
s where major and minor 

An 

are s t i l l  being worked upon; 

fracture systems already exist but  my 
not have flow capabil ity. 
more stages are used w i t h  each stage 
utilizing a low-viscosity fluid, sand 

igh flow rates and friction reduction 
re used t o  advantage on these treat- 

Dendritic Fracture dendritic fracture system is depicted 
(a f te r  Kiel ) 

Usually 5 o r  

I . slugs, and several flow-back periods. 

Fig.  4. Idealized Schematic of a ments. An idealized schematic of a 

in Fig. 4. 

STIMULATION TREATMENTS AT RAFT RIVER 

iver is  a moderately low-temperature ( 2 6 0 3 9 O O F )  hydr  
resource, Wells RRGP-1 and RRGP-2 are the best producing w l l s  in the field 
and appear t o  intersect a natural fracture zone w i t h  'high transmissibility, 
hav ing  a permeability thickness ( k h )  of greater t h a n  50 Darcy-feet. Wells 
RRGP-3, RRGP-4, and'RRGP-5 are less productive and were a l l  considered for 
stimulation. We1 1s RRGP 4 and RRGP-5 were chosen as the best two candidates 
because RRGP-3 i s  furthe frun the best producing wells and i t s  mechanical 
configuration i s  very complex. 
field. The Narrows Fault l i es  between Wells RRGP-1 and RRGP-2, and trends 
roughly east-west. 
Narrows Fault. 
northeast-southwest. 11 RRGP-5 l i e s  betwe 

There are two major faults running through the 

Well RRGP-4 i s  approximately 1/2 mile south of RRGP-1 and the 
The Bridge Fault i s  on the east side of the field and trends 

e. two faul ts, near their  

ng a t  a stabilized rate of 140 gpm and 
his i s  adequate productivity, b u t  the production cane 
of the completion 
s undesirably low 

terval, and the produced fluid 
Based on the performance of ' the better 

wells i n  the field and the proximity of Wells RRGP-4 and RRGP-5 t o  the Bridge and 
Narrows Faults, i t  was considered likely t h a t  highly productivel,fractures existed 
near the wells. Hydraulic fracture treatments in the deeper intervals =re 
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chosen as the best means t o  connect the wells w i th  major productive f ractures 
and t o  achieve the  desired produced f l u i d  temperatures o f  27OOF o r  greater. 
Although on the upper tenperature margins o f  conventional o i l  f i e l d  f r a c t u r i n g  
technology, no special techniques o r  mater ia ls were thought t o  be necessary f o r  
Ra f t  River. 

v ing a 195 f o o t  open-hole In te rva l  near the 
bottan o f  the well which was st imulated with a 7,900 bbl  hydraul ic f rac tu re  
treatment. 
ment. It was chosen because, if d e n d r i t i c  f rac tu r i ng  was achieved, i t  o f fe red  
the best chance o f  in tersect ing major natural fractures. The main concern was 
t h a t , a  single, planar f rac tu re  might only p a r a l l e l  and not i n t e r s e c t  t h e  
p r inc ipa l  natural fractures. The treatment was pumped a t  a high r a t e  (50 bpm) 
and u t i l i z e d  a l i g h t  polymer gel f rac f l u i d  ca r ry ing  a r e l a t i v e l y  low concen- 
t r a t i o n  o f  proppant. The treatment included 50,400 l b s  o f  100-mesh sand added 
f o r  leak-of f  cont ro l  and 58,000 l b s  o f  20-40 mesh sand proppant. 
layout  f o r  the f rac treatment i s  shown i n  Fig. 5. 

Q 

We41 RRGP-4 was recomplete 

The technique employed vas a four-stage dendr i t i c  f rac tu re  t rea t -  

The equipment 

- - 
WATER SUPPLY - - 

24,000 bbl LINED PIT 

1" FLOWBACK 
LINE TO PIT 

1 
BLENDER 

4-500 bbl 
FRAC TANKS 

8 FRAC UNITS 

VH. P. FRAC LINES 
I I 

Fig. 5. Equipment Layout f o r  RRGP-4 Frac Treatment. 

Fol lowing the treatment, the U.S. Geological Survey ran t h e i r  high-tenper- 
a ture acoustic borehole t e l  e v i e w r  and observed t h a t  t h e  created f rac tu re  
extended the f u l l  195-foot height o f  the open in te rva l  and was or iented 
approximately east-west, p a r a l l e l  t o  the Narrows Fault. I n  the  post-st imulat ion 
flow test ,  the w e l l  produced. a t  a s t a b i l i z e d  r a t e  o f  60 gpm w i t h  a downhole 
f l u i d  temperature o f  27OOF. This r a t e  represented a t  l e a s t  a f i v e - f o l d  
increase over the pre-stimul a t i o n  rate, but  was s t i l l  sub-canmercial . The 
produced fluid--temperature i s  s i g n i f i c a n t l y  higher than past measurements. hi 
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suggests tha t  the new a r t i f i c i a l  fra s producing fl u i d  fran a 
deep reservo i r  zone not open i n  the or ig ina l  h he chemical data fu r the r  
.support t h i s  in terpretat ion.  e extent o f  po egradat i o n  determined 
chemically i s  consrstent w i t  u id  production higher,  temperature tone. 

Conventional f rac tu re  curve analysis og-pl‘ot) y ie lds  a f rac tu re  
1 ength o f  appro a t l e l y  335 feet  and a kh o f  800 m i l l  idarcy-feet. The Horner 
p l o t  o f  the sam u i ldup data has two s t ra ight -  l i n e  segments, one 
dur ing ea r l y  t i  hours) and 0ne.d ng‘ l a t e r  t ime (greater than 
15 hours) . i v e  kh values o f  070 m i  1 1 idarcy-feet and 
85,000 mi l l idarcy- feet ,  and suggest the presence o f  more than one p e r m a b i l i t y  
zone i n  the v i c i n i t y  o f  the vel-1 e. Also, a negat t o r  (minus 6.0) 
i ndicat la ted  zone c los  

. We l l  RRGP-5 o r i  a1 l y  had good produc t iv i t y  from the,  upper po r t i on  o f  the 
canpl e t i on  in terva l ;  he goal of t h e  treatment f o r  t h i  11 was a s im i la r  o r  
h igher product i v i  ty  , t f ran  a deeper, ho t te r  in te rva l  
recanpleted s im i la r  t o  RRGP-4 i n  preparation, for t h i s  s t lmulat ion treatment. 
The recanplet ion consisted o f  cementing 7 in.  casing vhich excluded the 
ex is t ing  producing i n te rva l  -and 
bottom of the we1 1 . A more con 
create a s ing le propp acture was selected f o r  RRGP-5. The treatment 
consisted of  7,600 bb a r e l a t i v e l y  low v iscos i ty  polymer gel w i th  84,000 
l b s  o f  100-mesh sand fo r  leak-of f  cont ro l  and 347,000 l b s  o f  20-40 mesh sand 
proppant. Near the end o f  the treatment, the pumping ra te  was graddally 
reduced i n  an e f f o r t  t o  sand the well out and leave the f racture well-propped 
near the wellbore. As the ra te  approached zero, t 
t o  zero ps i  ind ica t ing  t h a t  canmunication-with 
ac 

created f rac tu re  spanned the upper 135 f e e t  
was or iented northea southwest, para1 1 e l  
s t i m  u l  a t  i on . product i test,  the w1.l s tab i l  ized very rap id ly  a t  a 200 gpm r a t e  
wi th  a 30 psfa .wellhead pressu . ‘The produced f l u i d  t m p e r a t u r e ’ m s  unchanged 
from the pre-stlmul a t i o n  fl ow. Following the natural f low test ,  a pump was 
i n s t a l l e d  i n  the well and i t  p duced more than 650 gpm Chemical analysis o f  
the-produced f l u i d  indicated a re1 ra te  of polymer degradation i 

I t h e  reservoir,  confirming tha t ,  the t raveled upmrd i n t o  a cooler  

These two segme 
, 

ft a 216-ft open-hole i n te rva l  near t h e  
t i ona l  , 1 arge f racture treatment designed t o  

L ”  

f racture treatment went upward t o  producing in te rva l  . The Horner 
p l o t  o f  the pressure bui ldup data 
the f racture dominated period and 
Estimates o f  the l a t e  time formati 
feet. 
sk in  fac to r  i s  not due t o  formation dama 

short  t r a n s i t i o n  phase between 
constant Vessure period. 

rge-greater than 100 Darcy 
This The Horner analysis ind icates a very la rge  pos i t ive sk in  factor. 

, RRGP-4 and RRGP-5 were 
hough the desired s t imulat ion resu l ts  were not- achieved. 

ulated from a PI o f  essent’ially 0 t o  0.6 gpm per psi. 
Well 
W e l l  
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L j  

RRGP-5 has a-post -s t imulat ion P I  o f  2.0 gpm per ps i  and no s i g n i f i c a n t  increase 
i n  .product iv i ty  o r  temperature.was achieved. The a r t i f i c i a l l y  created f rac tu re  
probably intersected ex i s t i ng  natural f ractures near the w 1  lbore. Summaries 
o f  the s t imulat ion treatments are presented i n  Tables I and 11. 

TABLE I TABLE I1  

’ RRGP-4 . . RRGP-5 ’ 

. . &STAGE KlEL FRAC 8/20/79 CONVENTIONAL (PLANAR) FRAC 1 1 /12/79 

FRAC FLUID: 7900 BBLS 
10 LBS H.P. GUAR/l000 GAL 
2 LBS XC POLYMERIl000 GAL 

. GUAR/1000 GAL 

SAND: 84,000 LBS 100 MESH 
SAND: 50,400 LBS 100 MESH 347,000 LBS 20140 MESH PROPPANT 

58,000 LBS 20/40 MESH PROPPANT 

50 BPM 
RATE: 50 BPM 

INTERVALs 4587-4803’ 

FRAC HEIGHT: 135’ 

RATE: 

INTERVAL: 4705’-4900’ 

FRAC HEIGHT: 200’ 

STIMULATION TREATMENTS AT EAST MESA 

Two hydraul i c  f rac tu re  s t imulat ion treatments were successful l y  performed 
i n  Republic Geothermal East Mesa wel l  58-30. 
o f  ananalously high heat f low on the east f l a n k - o f  the Salton Trough, a t  t he  
southeast corner o f  the Imperial  Val1 ey o f  Ca l i f o rn ia  East Mesa i s  a moder 
temperature reservo i r  producing fran a sandstone and s i1  ts tone rock matrix. 
Several features o f  the East Mesa f i e l d  made i t  an excel lent  choice f o r  t he  
next f i e l d  experiments. The rese rvo i r  i s  known i n  more d e t a i l  than most o ther  
geothermal reservoirs. 
designing and evaluating stimul a t i o n  treatments. 
reservo i r  temperature range (32Oo-35O0F) i s  t h e  next step i n  t h e  evaluation o f  
the f rac tu re  f l u ids ,  proppants and mechanical equipment. 
matr ix  type rese rvo i r  i s  also important a t  t h i s  stage o f  t he  progran. 
geometry has been successfully predicted i n  matr ix type reservo i rs  i n  the 
petroleum industry, and the ex i s t i ng  i n t e r p r e t i v e  techiques should t r a n s f e r  t o  
geothermal reservoirs. Furthermore, t he  rese rvo i r  f l u ids ,  w i t h  a t o t a l  
dissolved so l ids content o f  about 2000 mg/l are not expected t o  chemical ly 
i n t e r f e r e  w i th  the s t imulat ion f l u i d s  o r  tracers. 

mechanically. Unlike many other geothermal wel ls a t  East Mesa and elsewhere, 
i t  i s  canpleted wi th  a cemented, j e t  perforated l i ne r .  
opportuni ty t o  i s o l a t e  zones o f  a size t h a t  can be e f f e c t i v e l y  t reated and 
evaluated. The f i r s t  treatment was a conventional planar type hydraul ic  
f r a c t u r e  of a 250 f o o t  low permeabilty sandstone in te rva l  near the bottom o f  

East Mesa i s  located i n  an area 

Thi s i n-depth know1 edge provides a sound basis f o r  
This moderate geothermal 

, 
The se lect ion o f  a 

Fracture 

Well 58-30, selected f o r  these experiments, i s  i d e a l l y  s u i t e d  

This a f fo rds  an 

G:l 
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the w l l .  T h i s  zone d devel opment, bu e permeability has been 
severelv reduced bec uthigenic cementation by carbonate minerals. 
Porositi is s t i l l  high enough, hokver, t o  provide good storage capacity. A 
fracture treatment of this zone i s  intended t o  create a much larger effective 
drainage area surrounding the well in a manner similar t o  conventional oil and 
gas well stimulations, and thereby enhance the flow capacity. The treatment 
consisted of 2,800 bbl of a viscous crosslinked polymer frac fluid and 163,000 
lbs of sand. The fluid was pumped a t  an average rate during the . 

treatment with BJ Hugh s as the service canpany. 

higher permeability, 300 f t  interval of the same well. This upper zone, 
drilled w i t h  a predominantly bentonitic m u d  system, has good sands  (high 
porosity and penneabil i t y )  which show permeabil ity impairment near the 
wellbore. 'A mini-frac of these zones will bre hrough the mud and cement 
damage near the wllbore such t h a t  f l u i d  can m easily flow into the well 
fran the formation. The treatment consisted o f  10,300 bbl of low viscosity 
frac fluid and 44,000 l b  of 100-mesh sand pumped i n  5 stages a t  an average rate 
of 48 bpm. The job  was terminated before the planned 8 stages and 
because the rate/pressure history of the job indicated there was 1 
gained by pumping the last  three stages. The 100 mesh sand was used as 
fluid-loss control agent in the 50 md permeable sandstone interval tha t  
fractured. 

Fran July 25 t o  August. 2 ,  1980 the 
the fracture experiment on the upper zo 
6,547 t o  TD, was sanded back t o  prevent flow from the lower fracqzone. 
well flowed an average of 135,000 lbs per hour w i t h  a wellhead pressure o f  33 
psig. A wireline unit ws utilized t o  monitor the reservoir pressure buildup. 
Reservoir pressure buildup data  show the total open interval pemeability- 
thickness was 9,881 md-ft, or approximately a 2.5 fold increase i n  productivity 
for the upper frac zone. This analysis indicates the shallow hydraulic 
stimulation treatment of the high permeability, upper interval ws very 
successful. 
particular importance because such m u d  and cment damage i s  believed 

st t o  remove t h  
The coil tubing (used t o  inject nitro 

t was a dendritic fra a more shallow, 

WBS production tested t o  evaluate 
he lower section of the we11 from 

The 

The upper tone treatment t o  correct.near wellbore damage i s  o f  

Imperi a1 Val 1 

Well clean-out operations were initia 
covering the lower frac zone. 
and lef t  approximately 5,170 f t  of tubing in the hole. 
operations are in progres roduction test  of 
be performed to  evaluate r-frac job.  Sum 
treatments are presented 

Fishing and clean-out 

s I 1 1  and IV. 

, 
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TABLE I V  
. ' L TABLE I11 

WSA 58-30 (DEEP ZONE) EAST MESA 58-30 (SHALLOW ZONE) 
ONAL (PLANAR) FRAC 7/3/80 $STAGE KRL FRAC 7/6/80 

FRAC FLUID: 2800 BBLS FRAC FLUID: 10,300 BBLS 
CROSSLINKED POLYMER GEL 10 LBS H.P. GUAR/1000 GAL 1 

20 LBS CALCIUM CARBONATE/1000 GAL 
(FLUID LOSS ADDITIVE IN PREPAD AND 'FAD) 

2 LBS XC POLYMER/l000 GAL 
20 LBS CALCIUM CARBONATE/1000 GAL 

SAND: 44,500 LBS 100 MESH 

59,200 LBS 20/40 MESH SAND: 
. 60,"ooO LBS dp/40 MESH "SUPERSAND" 

RATE: 48 BPM 
RAE: 40 BPM 

MITERVAL: 4952'4256' (304') 
IMERVAL~ 6 5 8 7 ~ ~  (2.17) 

FORMATION: 3250F-50md 
FORMATION: 35OOF-15md 

CONCLUSIONS 

An e f fec t i ve  s t imulat ion treatment requires the i n te rac t i on  o f  four 
separate items. 

Frac f l u i d s  . Proppants 
Equipment . P1 anned and Properly Engineered Schedul es 

While there are good f l u id  systems and proppants, on ly  jud ic ious  
cmbinat ions and a k ~ l l  thought out schedule which uses a l l  o f  these mater ia ls 
and avai lable equipment t o  best advantage i s  an optimum st imulat ion treatment. 
Generally, high f low rates and convective cool ing can be used e i the r  w i th  
conventional ( p l  m a r )  f r a c t  u r i  ng or with a dendr i t i c  f r a c t  u r i  ng t'echni que. 
Many o f  todays f l u i d  systems have been tested t o  above 4 O O O F .  
survived qu i te  well. 
s e n s i t i v i t i e s  i n  sand; however, there are res in  coated mater ia ls and sintered 
bauxite which are not temperature sensitive. 
speci f ic  appl i c a t i o n  o f  f l u i d  systems and "proppants t o  the actual hydrothenal  
wells since the temperature, water chemistt-y and formation propert ies vary 
great1 y. 

Some f l u i d s  have 

Much more work i s  required i n  t h e  

Current t es ts  on proppants have shown temperature 

, , 
,/ , 

I, 




