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I. SUMMARY 

Well Stlmulatlon Expertment No. 7 of the Department of Energy- 
sponsored Geothermal Reservoir Well Stlmulatlon Program (GRHSP) was 
performed In 0aca 20, located in Unlon's Redondo Creek Project Area In 
Sandoval County, New Mexico on October 5, 1981. Thls I s  belleved to be 
the hlghest temperature (520°F)  well in the world to be prop-fractured 
to date. The treatment selected was a large hydraullc 
deslgned speclflcally for, -and utlllzlng frac materials speclflcally 
chosen for, the hlgh temperature geothermal environment. The well 
selectlon, fracture treatment, experlment evaluatlon, and summary of the 
job costs are presented herein. 

The GRHSP was lnltlated ln February 1979 to pursue lndust 
In geothermal well stlmulatlon work and to develop technical expertise 
In areas directly related to geothermal well stlmulatlon actlvltles. 
Republlc Geothermal, Inc. and Its prlnc pal subcontractor 
Englneerlng, Inc.; Terra Tek Inc and Vetter Research) have 
pleted seven fleld experlments In varlous types of formatlon 
reservolr condltlons ranglng from low hlgh temperature. 

The Baca reservolr lles wlthln the Jemez Crater, 
In the Red 

lles Caldera, and 
o Creek area, 

e ( 500°F+), llquld-dominated 

uctlve natural 'fractures at the 

I s  composed of fractured volcanic tuffs. 
wells have encountered a hlgh 
resource; but a number of we1 been of commerclal 
prlmarily because of the 
wellbore. Baca 20 was se s t lmula t Ion treatment because 
it I s  located In one of the mor 
produced at subcommerclal rates 
would flow at 56,000 lb/hr with a wellhead pressure of 116 pslg from a 

conflned to an interval near the base of the Bandeller Tuff was selected 
as the best means of creating a hlghly condu ve flow channel to con- 
nect wl th productive natural fractures in the reservolr. In preparation 

ductlve areas of the fleld, but 
or lginal ly compl 

openhole interval, A large hydraullc fracture t 
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f o r  the treatment the we l l  was recompleted t o  i s o l a t e  a nonproductive 
240-foot i n t e r v a l  i n  the lower po r t l on  (4,850 fee t  t o  5,120 f e e t )  o f  the 
o r i g i n a l  3,300-foot completlon In te rva l ,  

While f rac f l u i d  propert ies are known t o  degrade r a p l d l y  a t  h igh 
temperature, these e f fec ts  were minimized by pre-cool ing and by pumping 
a t  h igh rates (up t o  84 BPM). The s t lmulat lon treatment consisted o f  a 
3,000 bb l  water pre-pad followed by 5,600 bbl  o f  ge l led water f rac  f l u i d  
fo r  the pad and proppant transport.  Sintered bauxite proppant was 
in jec ted  a t  increastng concentrations i n  the l a t t e r  stages o f  the t rea t -  
ment. The 239,400 l b  o f  proppant was s p l i t  evenly between 16/20-mesh 
and 12/20-mesh, w i t h  the coarser mater ia l  being i n jec ted  l a s t .  F ine ly  
ground calcium carbonate was used as a f l u id - l oss  addi t ive.  The hy- 
d rau l i c  f rac tu r i ng  operations were completed w i  thout any s i g n i f i c a n t  
problems or delays. 

A prototype packer was u t i l i z e d  which was equipped w i t h  ethylene 
propylene diene methylene terpolymer (EPDM) elements and metal backup 
r i ngs  t o  ensure the mechanical i n t e g r i t y  o f  the packer i n  the high 
temperatur.e and pressure environment. The EPDH elements were a product 
o f  other DOE-sponsored research and'development. I n  addl t lon,  a speclal 
instrument c a r r l e r  was attached t o  the f rac s t r l n g  t o  a l low the measure- 
ment o f  bottomhole t r e a t i n g  pressure data dur lng the experiment. 

The t o t a l  d l r e c t  f i e l d  cost t o  the GRWSP fo r  the f rac tu re  st imula- 
t i o n  treatment and evaluation was $605,200. By p r i o r  agreement, Unlon 
Geothermal Co. o f  New Mexico, bore the cost o f  recompletlng the wel l ,  
r i g  mobi l lzat lon,  production test lng,  and a share o f  Schlumberger's 
logging services, a l l  t o t a l i n g  an estimated $600,000. 

During the f rac tu re  treatment, Los Alamos National Laboratory (LANL) 
performed a f rac tu re  mapping experiment uslng Baca 22 as an observation 

wel l .  Uslng a t r i a x l a l  geophone system and techniques developed fo r  the 
Hot Dry Rock Project, mlcroselsmic a c t i v i t y  caused by the f rac tu re  j ob  
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was mapped. The d iscrete seismic events observed lndlcated a c t i v i t y  I n  
a tone roughly 2,300 f ee t  I n  length. Slnce the selsmlc events can occur 
w e l l  beyond the extent o f  any s l g n l f l c a n t l y  widened fracture, the actual  
propped f rac tu re  l s  expected t o  be s i g n l f l c a n t l y  shorter i n  length. 
Calculat ions o f  the dynamic f rac tu re  dlmenslons suggest f rac tu re  wings 
o f  approxlmately 340 f ee t  I n  length and 600 fee t  I n  height may have been 
created. 

Republic Geothermal, Inc. and Union Geothermal Co. o f  New Mexico 
performed two separate tests  on Baca 20 t o  evaluate the f rac  j o b  and t o  
determine the we l l ' s  product lv l ty .  A modlf led d r t l l s t e m  test ,  performed 
Immedlately a f t e r  the f rac job, lded pressure data which indicated a 
reservo l r  permeabll l ty-thickness about 1,000 md-ft. I n  a 14-day 
production t e s t  the w e l l  produced a t  an l n l t l a l  r a t e ' o f  110,000 lb/hr,  
but  decl lned t o  a s t a b l l l z e d  r a t e  o f  50,000 lb/hr under two-phase f low 
condit ions i n  the reservolr .  The probable cause of  the decl ine i n  f low 
r a t e  i s  the reduct ion I n  r e l a t i v e  permeabi l i ty  due t o  two-phase f low i n  
the formation. Product lv l ty  was establ ished I n  a previously non- 
productive i n te rva l ,  but  the f low r a t e  obtalned I s  noncommerclal. 

Although the post-st imulatton data d i d  not show It, one posslble 
explanatlon f o r  the low p roduc t l v l t y  o f  the w e l l  was tha t  the f l u ld - l oss  
add l t i ve  (calclum carbonate mater la l )  may have remained i n  the formatlon 

y created- f racture and caused a substant la l  r e s t r i c t i o n  t o  
s t l ga te  t h i s  p o s s i b i l i t y ,  an HC1 ac ld  treatment was pe 

t o  remove any calclum carb 
rea tmen t pr oduc t l  on 

formed on the Baca 20 w e l l  I n  August 
a te  mater la l  l n ' t h e  f racture.  Post- 
however, lndlcated no t y  of Baca 20. 

Thus, the analyses ind lcate that h igh l y  conductive f rac tu re  was 

successful ly created y the hydraul i  racture treatment, but  i t  proba- 
b l y  f a i l e d  t o  i n t e r s  t s u f f i c i e n t l y  productive natura l  f rac  

reservolr .  Although the s t lmulat ion treatment d i d  not r e s u l t  I n  a 

commerclal wel l ,  the hydraul ic f r a c t u r l n g  technlque shows promise fo r  

3 



fu tu re  s t lmu la t lon  operations (such as mu l t i p le  zone treatments) and f o r  
belng a v a l l d  a l t e rna t i ve  t o  r e d r l l l l n g .  

11. INTRODUCTION 

The, U.S. Department o f  Energy-sponsored Geothermal Reservoir We l l  
St lmulat lon Program was l n l t l a t e d  I n  February 1979 t o  pursue Indust ry  
In te res t  I n  geothermal we l l  s t lmu la t lon  work and t o  develop technlcal  
expert lse I n  areas d i r e c t l y  re la ted  t o  geothermal we l l  s t lmu la t lon  
a c t l v l t l e s .  Republlc Geothermal, Inc. (RGI) and i t s  p r l n c l p a l  sub- 
contractors (Maurer Englneerlng, Inc.; Terra Tek, Inc.; and Vetter 
Research) have completed seven f l e l d  experlments. Two experlments have 
been performed I n  the low-temperature.reservolr a t  Raft  Rlver, Idaho 
(Horrls, e t  al., 1980); two experlments I n  the moderate-temperature 
reservo i r  a t  East Mesa, Ca l l fo rn la ;  one experiment i n  the hlgh- 
temperature, vapor-dominated reservo i r  a t  The Geysers, Ca l i fo rn ia ;  and 
two experiments ( the  second o f  whlch I s  reported herein) I n  the hlgh- 

.temperature reservo l r  a t  Baca, New Mexlco. 

The Redondo Creek Pro ject  Area was selected as a we l l  s t lmu la t lon  
s l t e  a f t e r  an extenslve revlew o f  various geothermal f l e l d s  throughout 
the western Unlted States. Deta l l s  o f  the se lect lon process may be 
found i n  the GRWSP repor t  nReservolr Select ion Task" o f  November 1979. 
The reservo l r  l i e s  w l t h l n  the Jemez Crater, Val les Caldera, and l s  
deflned by more than 20 wel ls completed t o  date l n  the Redondo Creek 
area by Unlon Geothermal Co. of New Mexico (Union). I n  addl t lon,  the 
Valles Caldera area has been the subject o f  several de ta i led  studles by 
the U.S. Geologlc Survey (USGS) and other organlzatlons. The h lgh 
reservo l r  temperature and r e l a t i v e l y  shallow depth (3,000 fee t  t o  the 
top o f  the geothermal reservo l r )  made I t  a good, but challenging, candl- 
date f o r  f l e l d  experlments l n  the evaluat lon o f  geothermal s t lmu la t lon  

technlques, f rac tu re  f l u lds ,  proppants, and mechanlcal equlpment. A 
number o f  wel ls  have not  been of  commercial capactty, p r lmar l l y  because 
o f  the absence o f  natura l  f ractures a t  the wellbore whlch communicate 
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with the reservolr. 
can create the fractures requlred to make these wells commerclal and 
that such stimulation may be an attractive alternative to redrilllng. 

It Is believed that a hydraulic fracture treatment G 

w 

i i  

e 
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The natural fracture system In the Redondo Creek area appears to be 
composed of a high-angle (deep) "ring-fracture* primary system associ- 
ated with caldera formation and subsequent collapse during eruptlon o f  
the tuff and a stress-straln or tension-relief secondary system ortho- 
gonal to the "ring* system. A particularly well-developed fracture zone 
appears to' pass through the central portion of the caidera as evidenced 
by higher well productivitles. A detailed evaluatlon of the complex 
fracture system is llmited by lack of correlation data between exlstlng 
wells. The reservolr fluid total dissolved solids content of 6,000 ppm 
was not expected to chemically Interfere with the stimulatlon fluids or 
tracers. 

O f  the wells drilled in the Redondo Creek area by Union, 10 wells 
* 

(Baca 5 A ,  12, 14, 16, 18, 19, 20, 21, 22, and 23) were completed In 
areas where the low productlvity Is suspected to be related either to 
the absence of sufficlent temperature or absence o f  a communicating 
fracture system with the reservoir at the wellbore. For the purpose of 
a geothermal well stimulation field experlmeqt, Union offered two candi- 
date wells (Baca 19 and 20) to the GRWSP group. Baca 20 was the better 
candidate based on both reser 

The dlscussion which foll 
source and reservolr properti 
iment, a descrlptlon o f  the treatment evdluatlon, and a summary o f  the 

nd logistical considerations. 

provides an overvlew of the Baca re- 
a descrlptlon o f  the stimulation exper- 

experiment costs. 
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111. RESERVOIR DESCRIPTION 
C 

A. Resional Geolonv 

The Valles Caldera is a prominent geological structure located in 
north-central New Mexico In the Jemet Mountains about 55 miles north of 
Albuquerque and 40 miles nor est of Santa Fe (Figure 1). Dondanville 
(1978) describes the caldera as a complex volcanic highland of Pliocene 
and Plelstocene age. These highlands are composed of basalt, andesite 
and dacite, with more recent rhyolitic ash flows covering portions of 
older lava flows. 

Oondanville (1978) described the Valles Caldera as a subclrcular 
depresslon, 12 to 15 miles In diameter, with the caldera rim rising from 
a feu hundred feet to more than 2,000 feet above the floor. A central 
structural dome, Redondo Peak, near the center of the caldera, has a 
relief of nearly 3,000 feet and maximum elevation of 11,254 feet. 
Redondo Peak is surrounded by a series of lower rhyolitic domes. 

I 

Smith and Bailey (1968) descrlbe the events in the formation of the 
Valles Caldera. The caldera represents the latest stage of a volcanic 
sequence which began in late Miocene or early Pliocene time with a 
series of eruptions of basalt-rhyolltlc tuff, and climaxed in mid- 
Plelstocene time with two huge pyroclastic eruptions (Dondanville, 
1978). The last eruptions, about 1.4 and 1.1 million years ago, pro- 
duced the Bandelier Tuff, a deposit of rhyolitic tuff with pumice In the 
basal Intervals. Simultaneously, the roof of the magma chamber col- 
lapsed along a rlng-fracture system, creating flrst the Toledo Caldera, 
and secondly the Valles Caldera. As a result of the simultaneous 
eruption-collapse, the Bandeller Tuff Is over 6,000 feet thick within 
the caldera and 1,000 feet thick locally outside the caldera. The 
Valles Caldera overlapped and partially destroyed the earlier Toledo 
Caldera located to the northwest. 
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FIGURE 1 

REGIONAL GEOLOGIC SE7TlNG OF VALLES CALDERA 

U l t O N A  

C O C '  
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(After Dondanviite, 1978, p. 157) 
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Followlng the col lapse a resurgent cent ra l  dome rose w l t h l n  the 
caldera, t h l s  dome l s  now known as Redondo Peak. Thls u p l i f t  was ac- 
companled by r a d i a l  f r a c t u r i n g  and formatlon o f  a l ong l tud lna l  graben, 
whlch today I s  l d e n t l f l e d  by the Redondo and Jaraml l lo Creeks (Figure 2). 

The volcanlc a c t l v l t y  continued w l t h  a number o f  r h y o l l t l c  eruptions 
of  domes around the r i n g  f racture system dur ing the past m l l l l o n  years. 
The more recent eruptions are on the south and west port lons o f  the 
caldera, the youngest belng about 100,000 years old. 

The Redondo Creek geothermal area occuples a graben s t ruc tu re  whlch 
developed as a longl tud lna l  col lapse feature across the resurgent dome 
near the center o f  the Valles Caldera. The graben st ructure I s  lmpor- 
tant  t o  the p roduc t l v l t y  o f  the geothermal system because the graben 
f a u l t s  and assoclated fractures a c t  as permeable conduits, As such, 
they not only form the produclng I n t e r v a l s  i n  the wells, but  a lso can 
a c t  as channels dra ln lng geothermal f l u l d s  from deeper formatlons. 

8. Summary o f  Well and Productlon Test Data 

The wel ls  d r i l l e d  by Union have penetrated the Bandeller Tuf f  

(Flgures 3,  4, 5, and 6 )  which ranges from 4,000-6,000 fee t  t n  thlckness 
I n  the Redondo Creek area. The t u f f  conslsts o f  welded and non-welded 
r h y o l l t l c  ash f low deposits. Nearly a l l  geothermal productlon i n  the 
Redondo Creek area appears t o  come from fractures I n  the lower 3,000- 
foot sectlon o f  the Bandeller Tuff. Measurements of  the matr lx  t u f f  
core from Baca wel ls 4, 13, and 17 show an l n t e r s t l t l a l  permeabtl l ty o f  
less than 1 md wlth an assoclated poros l ty  o f  4-79% (Hartz, 1976 and Van 
Busklrk e t  al., 1979). The upper p o r t i o n  o f  the t u f f  I s  thought t o  be 

h lgh l y  s l l l c l f l e d ,  formlng the caprock f o r  the reservolr  (Figure 6). 

Har t t  (1976) has suggested tha t  the deeper, hlgher pressured water 

productlon from the Bandeller Tuf f  appears t o  be connected wlth a more 
extenslve reservoir  ( the extent o f  whlch 1 s  undetermlned). Below the 
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FIGURE 2 

JEMEZ MOUNTAINS, NEW MEXICO 
GEOTHERMAL FEATURES OF THE 

(After Hsrtz, 1976) 
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CONTOURS ON BASE OF THE BANDELIER T U F F  

(After Harp. 1976) 
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FtGURE 4 ii 
NW-SE CROSS SECTION THROUGH THE REDONDO CREEK AREA 

(After Ham, 1976) 
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FIGURE 5 

SW-NE CROSS SECTION THROUGH THE REDONDO CREEK AREA 
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tu f f ,  several wel ls  have a lso penetrated 1,000-2,000 fee t  o f  the Pal lza 
Canyon Andesite (Figures 4 and 5). The andeslte contalns some f rac-  
tures, but there appears t o  be conslderable c lay  a l t e r a t i o n  and mlneral- 
l z a t l o n  f i l l i n g  the f rac tu re  system. Cores o f  the andeslte from Baca 13 
show matr lx po ros l t l es  of 6-16 percent, but very low permeabl l l t les o f  
0.1 t o  1.5 md (Hartz, 1976). 

Baca 10, 11, and 16 encountered t e r t l a r y  sands beneath the andeslte. 
The sands are f l n e  gralned and unconsolldated, whlch may l n h l b l t  sus- 

' ta lned p roduc t l v l t y .  

The most promlslng zone of  w e l l  p roduc t l v l t y  appears t o  be I n  the 
h lgh l y  f ractured port ions o f  the Bandeller Tuff. As dlscussed e a r l l e r ,  
t h l s  f r a c t u r l n g  appears t o  be assoclated wlth the collapsed caldera 
f a u l t i n g  and resurgent dome f a u l t i n g  running l ong t tud lna l l y  northeast t o  
southwest and i s  bounded by Redondo Peak and the Redondo Border. 

Table 1 presents a tabulat ion o f  the productlon tests  performed I n  
the Baca f i e l d  through September 1975. Baca 4, 6, 11, 13, 15, 19, and 
20 are a l l  wel ls  capable of produclng a t  l eas t  some steam and hot water 
(Atklnson, 1980a). I n  10 wells, Baca 5A, 12, 14, 16, 18, 19, 20, 21, 
22, and 23, the lack o f  substant la l  productlon was thought t o  be re la ted  

t o  the absence o f  a high conduct lv l ty  f rac tu re  system. 
nonproductlve wel ls (Baca 5A, 12, and 14) have been converted t o  water 
dlsposal wells. 
encountered I n  the wellbore were f l l l e d  by secondary cementatlon. 

Three o f  the 

Data from Baca 16 suggest that  the l i m i t e d  f ractures 

Testlng o f  Wells 4, 6, 11, and 13, uslng a t o t a l  f low separator, has 
permitted measurement o f  steam enthalpy and qual l ty ,  along w l t h  de ta i l ed  
chemlcal analyses, l l q u l d  flow, and pressure t rans lent  measurements. 
The Product lv l ty  Indexes ( P I ' S )  o f  these wel ls  range from 220 t o  400 

lb/hr/psl  f o r  s t a b l l l z e d  f low rates. 

sure calculat lons,  Unlon suspects f l ash lng  (two-phase f low of  steam and 
water) i s  occurr lng whlch would tend t o  r e s t r i c t  the f low of  f l u l d s  

On the basis of  bottomhole pres- 
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TABLE 1 

BACA WELL TEST SUMMARY 

(Data from Hartz 1976 and Unpublished Unlon Records) 

AD SEPARATOR 
TIME PRESSURE PRESSURE 

WELL OATE - HRS P S I G  P S I G  

B-4-1 8/13-22/73 228 204 175 

8-4-2 9/10-11/13/73 1538 1 113 

8-6-1 10/08-15/7 166 137 92 

B-6-2 10/25-11/4/72 190 * 92 69.5 

8-6-3 11/6/72-1/16/73 1700 51 -5 37.75 

w 
m 

8-6-4 6/5-24/75 428 58 -- 

B-6-5 7/3-21/75 4 28 53 -- 

8-6-6 7/25-8/19/75 584 107.5 100.5 

8-10-1 8/26-9/3/75 21 5 31 -- 

8-11-1 1/8-9/74 24 -- 140 

STEAM 
F R ACT I ON 

26.0 

27.5 

24.4 

27.6 

30.7 

30,O 
(es t . )  

30.3 
(est . )  

22.8 

34.1 
(es t . )  

33.4 

RESERVOIR 
TOTAL TOTAL FLUID BASED ON 

MASS FLOW ENTHALPY ENTHALPY 
LB/HR BTU/LB “F 

145,800 

172,500 

153,500 

146,900 

147,700 

248,000 
(est . )  

240.000 
(es t . )  

175,000 

126,000 

480,500 

569.5 566 
516-569 523-566 

566.1 556 
526-566 532-563 

51 7 
513-534 

530.9 
527-538 

532.2 
51 8-581 

-- 

-- 

500.9 
493-51 3 

524 
521 -538 

536 
532-541 

536 
525-574 

-- 

-- 

510 
504-521 

-- -- 

619.9 602 

8 228 hrs range 

8 1538 hrs  range 

8 t165  hrs range 

8 189 hrs  range 

@ 1700 hrs  range 

2-phase ’ t e s t  

2-phase t e s t  

8 584 hrs  range 

2-phase t e s t  

d 24 hrs 
I 



Table 1 (cont lnued) 

Baca Well  P l t  Test Summary 

RESERVOIR 
BASE0 ON 
ENTHALPY 

"F 

FLOW WELLHEAO SEPARATOR 
TIME PRESSURE PRESSURE STEAM 

WELL OATE HRS PSIG PSIG FRACTION 

B-11-2* 1/11 -25/74 31 1 121 105 49.6 

8-1 1-3 1/29-30/74 27 143 

TOTAL 
MASS FLOH 

LB/HR 

TOTAL FLUID 
ENTHALPY 
BTU/LB 

746.6 
744-806 

205,000 

No Data 

676 d 310 hrs  range 
674-696 

8-11-4 2/01-24/74 546 131 115 41.1 27 1 ,400 638 @ 546 hrs range 

61 1 d 745 hrs 
591 d 1440 hrs  

634-669 

532-635 (3 2182 hrs range 

675.9 
668-734 

633.1 
604 

526-671 

651 

8-11-5 6/26-9/25/74 2182 138 
127 
129 

126.5 35.6 
114 32.9 
124 26.9 

267,100 
252,000 
164,300 

B-11-6 11/8-17/74 243 120 101 39.0 

-- 29.6 
(est . )  

305,900 623 d 217 hrs  

2-phase tes t  -- 8-13-1 11/30/74-1/06/75 792 
* 
OI 

8-13-2 1/10-2/25/75 1103 

62 300,000 

124 115 25.4 541 @ 1100 hrs  range 

575 @ 471 hrs range 

533-559 

550-580 

303,700 537.8 
522-561 

B-13-3 5/14-6/6/75 471 110 92.5 31.6 257,200 581 
549-588 

87 27.0 273,200 

161,000 

110 

190 

63 

65 

8-13-4 6/13-20/75 163 537 

432 
536-539 

540 @ 115 hrs range 

453 (3 159 hrs 
539-542 

2nd r a t e  

8-15-1 6/27-7/14/75 4 29 

33 20.5 

-- 70.0 
(est . )  

169,400 -- 2-phase t e s t  

B-1 -- 95 05,000 338 
(1,500 f t )  

8-3 -- 11 390 
(1,800 f t )  

r E c -r t CT E 



Table 1 (cont lnued) 

WELL - DATE 

8-18 3/12/79 

Baca W e l l  P l t  Test Summarr 

FLOW WELLHEAD SEPARATOR 
TINE PRESSURE PRESSURE STEAM 

PSIG FRACTION - HRS PSIG 

3 5 -- 50 
(est . )  

-- -- B-18 4/24/79 8.5 -- 
8-18 6/29/79 b 

' 4  21 -- 60 

RESERVOIR 
TOTAL TOTAL FLUID BASED ON 

MASS FLOW ENTHALPY. ENTHALPY 
LB/HR BTU/LB "F 

56 , 000 -- -- Test d l d  not s t a b l l l z e  

-- -- -- Flow d ied  

50,000 -& 210(WHT) Flow d led 

30 38,000 t o  -- 21 3 B-19-1 11/15/79 12 -- -- 
0 215,000 

w c-. (120,000 avg) 

8-20 9/16-17/80 27.7 125 117 62 81,600 865 704 @ 27.5 hrs 

8-20 9/24/80-1/6/81 116 75 56.5 56,100 793 -- Avg data for l a s t  4 
days 

* Sand bu l ldup In water l l n e  makes H20 data suspect. 

< 



through the f rac tu re  system toward the wellbore, thus reducing the we l l  
p roduc t i v i t y  values measured i n  long-term f low tests  (Hartz, 1976). The 
tes ts  have a lso  demonstrated a h igh production r a t e  dec l ine dur ing the 
f i r s t  feu  days o f  test ing.  Much o f  t h i s  decl ine i s  thought t o  be the 
r e s u l t  o f  unloading the wellbore and f rac tu re  system. Table 2 presents 
much o f  the p roduc t i v i t y  and pressure bui ldup data obtained f r o m  w e l l  
tests.  

Pressure bui ldup and/or drawdown tes ts  on Baca 4, 6 9  10, 11, 13, 15, 
19, and 23 are tabulated i n  Table 3. The wide va r ia t i on  o f  sk in  e f f e c t  
(from t42 t o  -4) among the wel ls  r e f l e c t s  the v a r i a b i l i t y  o f  the reser-  
v o i r ' s  f rac tu re  system. Figure 7 i s  an isopermeability-thickness map 
which suggests a co r re la t i on  o f  the f rac tu re  system w i th  the Isothermal 
contours as measured by Union (Figure 8). This po ten t i a l  i n t e r -  
relationship may be a r e s u l t  o f  the hot  f l u l d s  f l l l i n g  the f rac tu re  
system. 

The 

1. 

2. 

3. 

4. 

la rge number o f  w e l l s  with a p o s i t i v e  sk in  fac to r  suggests: 

Formation damage which could be caused by scale bui ld-up and 
the resu l tan t  plugging o f  the formation dur ing the production 
test ,  

Flashing of  steam i n  the formation system and the resu l tan t  
r e s t r i c t i o n  of  f l u i d  movement by r e l a t i v e  permeabi l i ty  e f fec ts  

i n  a two-phase system, 

High steam saturat ion (storage e f fec ts )  surrounding the w e l l -  
bore, and/or 

P a r t i a l  penetrat ion o f  the w e l l  i n t o  the producing geothermal 

reservo i r  and thus r e s t r i c t i o n  o f  f l o w  through convergence. 
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TABLE 2 

W 

0, 

We1 1 
6 x 4  

Y 

W 

Baca 6 

Baca 6 

9 TRANSMISSIVITY VALUES FROM PRODUCTIVITY 
AND PRESSURE BUILDUP DATA 

(A f te r  Hartz, 1976) 

P I  
Transmlsslvlty 

P I  - kh md-f t 
Test Number lbs/hr/psl  P cp 

2 263 22 , 400 

1 27 4 

2 241 

Pressure 
Buildup 

Transmlsslvl t y  - kh md-f t 
P cp 

42,100 

I 
i 
! 

Baca 6 3 221 20,300 46,700 

Baca 6 6 31 6 29,100 64 , 000 i 

Baca 11 4 

Baca 71 6 -  

31 8 29 , 300 No Buildup 

400* 36 , 800* 34 , 600 

Baca 13 

o$ Baca 13 

2 427** 39,300** , 26 , 400 

3 329** 30 , 300** No Buildup 
1 

Baca 13 In ter ference 243** 22 , 400** 20 , 300 
Test 

* Well may not have 

** Baca 13 rates and 
representa t 1 ve o f  

v 

u 

3 

been stable. 

pressure f luctuate;  therefore, P I ' S  may not  be 
s t a b l l l z e d  condit ions. 
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TEST 
NO. - WELL 

Baca 4 2 

Baca 6 1 

Baca 6 2 

Baca 6 3 

Baca 6 6 
(Af ter  
Deepening) 

Baca 10 

Baca 11 

Baca 13 

Baca 13 

Baca 15 

Baca 19 

Baca 23 

Baca 23 

Baca 23 

Baca 23 

1 
(Two-phase 
Test ) 

6 

2 

I n t e r  f er - 
ence Test 

1 
(Two-phase 
Test ) 

1 

1 
( DST 1 

4 

I n  j ec t l on 
Test 1 
But ldup 

I n  j ec t l on 
Test 1 
Fa1 l o f f  

TABLE 3 

RESULTS OF PRESSURE BUILDUP TESTS 

- DATE 

11/13/73 

10/15/72 

11/03/72 

1/16/73 

8/19/75 

9/03/75 

11/17/74 

2/25/75 

4/19/76 

7/14/75 

1 1 /15/79 

3/26/81 

5/1/81 

5/28/81 

5/28/81 

Average o f  a l l  t es ts  
(except Baca 15, 19 and 23) 

kh SKIN 
S - md-f t 

4207 +14.7 

4849 + 7.9 

4641 + 8.0 

4666 + 8.8 

6401 + 9.7 

51 51 t42.9 

3457 - 3.9 

2638 - 1.9 
2332 
Avg . 

2025 + 4.3 

8630* - 2.9 

251 0 tlO.0 

2500 -4.0 

4340 -- 
3110 -- 

4270 0.012 

FINAL STATIC 
BUILDUP 

Press., p s l g  

1686 

9 59 

984 

985 

1004 

1761 

181 1 

231 0 

2288 

91 1 

-- 
700 

-- 
-- 

-- 

* Assumes dralnage area contalns steam only. 

20 

4310 md-ft (uslng average f o r  6-13 
and value from 6-6 t e s t  6 )  

MEASURED 
DEPTH 

f t  

6350 

3690 

3690 

3690 

3830 

5959 

6630 

81 76 

8100 ’ 

5500 

-- 
2987 

3300 

3400 

3400 
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Y FIGURE 7 

ISOPERMEABlLITY-THICKNESS MAP, BACA, NEW MEXICO 

{After Ham, 1976) 
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FIGURE8 . 

ISOTHERMS AT 3000' ABOVE SEA LEVEL, BACA, NEW MEXICO 

(After Ham, 1976) 
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I n  1975, Unlon performed an Interference tes t  t o  determlne the 
extent and nature o f  the reservolr  permeabil i ty-porosity re la t l onsh lp  
and con t lnu l t y  o f  the reservolr .  Producers chosen fo r  the t e s t  were 
Baca 6, 11, and 13. The observatlon wel ls  selected fo r  the t e s t  were 

U 

Baca 4, 10, 75, and 16. Baca 5A,  12, and 14 were used as water dlsposal 

wells. Tota l  productlon from a l l  wel ls  dur lng the t e s t  was 2.24 x 10 9 U 

n 

l b  ( t o t a l  mass), and about 1.21 x 10’ l b  were re ln jec ted  I n t o  the 
reservolr .  

Y Durlng the slx-month test ,  a not iceable decl lne was recorded fo r  a l l  

three producers. 
prlmary geothermal reservolr ,  the productlon decl lne would contlnue 
u n t l l  steady-state condlt lons were reached between the prlmary reservolr  
and the f rac tu re  system o f  t h  Bandeller Tuff. Flashing and posslble 

scale deposlt lon w l t h l n  the f rac tu re  system appear t o  complicate and 
mask the actual  decl lne rate. 

I f ,  as suggested by Unlon, the t e r t i a r y  sands are the 

U 

. Durlng t h l s  test ,  t h  Interference data showed communlca- 
t t o n  between Baca 6, 10, 3, and 14. Measurements of downhole 
pressure a t  Baca 10 lnd lca 
and productlon and was I n  communlcatlon w l t h  the prlmary reservolr .  
Lack o f  a measurable pressure response a t  Baca 4, 15, and 16 confirmed 
the presence o f  some l a t e r a l  permeabl l l ty  ba r r l e rs  I n  the f l e l d .  

Y 

i t  was affected by both the l n j e c t l o n  

0 

Through the use o f  a u l a t l o n  model t o  match product1 

0 and l n j e c t l o n  data, Unlo ested the fo l lowlng (Hart t ,  1976): 

1. The o r l g l n a l  f l u l d  volume or t o t a l  mass I n  the 
l eas t  4.6 x 10 l2  l b .  

2. The reservolr  has f 

Q 

Y 
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3. The reservoir boundaries are a considerable distance from the 
tested wells; therefore, the reservoir could be consldered as 
the "infinite* type. 

4. The geothermal fluid within the reservoir i s  distributed 
areally (covering an area o f  approximately 36 square miles) 
rather than vert I call y . 

The baslc assumpttons made by Union for thls model which led to the 
above conclusions were: 

1. 

2. 

3. 

4. 

1 

The reservoir fluid exists in a single, hot water phase. 

The reservoir fluids lie wlthln a confined aquifer. 

There i s  no steam/hot water interface In the reservoir. 

The computations also assume a horizontal ,* Isotropic, and 
porous reservoir. 
has a much greater latitude o f  varlatlon than a sedtmentary 
model, so all such computations are generalizations of the 
whole model rather than rnlcroscopic projections of portlons o f  

the model. 

It i s  recognized that a volcanic reservoir 

Dondanville (1978) estimated a value of 40 square miles for the 
aquifer which closely matches the 36 square miles reported by Hartt 
(1976) based upon pressure interference test data. 

I 
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G 

t 

G 

c 

C. Geothermal Fluld Composltlon 

Table 4 summarlzes the chemlstry o f  the produced water, nonconden- 
sable gases, and condensate. The dissolved solids in the produced water 
consist primarily o f  sodium, potassium, calclum, silica, and chloride. 
The steam condensate generally had small amounts of dissolved solids. c 
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c, c. 

TABLE 4 

BACA WATER CHEMICAL COMPOSITION 

(A f te r  Hartz, 1976) 

AVG. TDS 
AVG. T I N  I H2S CONCENTRATION (ppm) AVERAGE 
I N  BRINE CONOENSATE SILICA ( ppm) NONCONDENSABLE FLASH FLOW RATE 

WELL (ppm) (Ppm) I N  BRINE GAS X BY HT. NONCONDENSABLE TOTAL STEAM % l b l h r  TOTAL 

Baca 4 28 3.16 165 165 26.8 171,400 

Baca 6 23 453 1.33 61 99 27.8 163,700 

740 3.76 365 47 7 39.7 227,100 Baca 11 59 

Baca 13 13 786 2.93 81 149 28.4 284,600 

( 150-1 80) (117-213) 

(3-65) (160-600) (1.27-1.38) (60-61 ) (69-257 ) 

N (7-105) (640-835) (2.30-5.94) (222-564) ( 290-867 ) 
VI 

(7-25) (556-963) (1.93-3.94) (57-96) (8.63-205) 

NOTE: 1. Some samples from Baca 4 were d l l u t e d  p r l o r  t o  analysls.  The r e s u l t s  from these analyses are  no t  Included 
I n  the above. 

2. l e f t  out  values obtalned f rom low r a t e  o f  two-rate t e s t  on Baca 13. 



The f l u i d s  possessed about three percent (by weight) noncondensable 
gases. Approximately 99 percent o f  t h i s  gas i s  carbon dioxide (C02) 
with small amounts o f  hydrogen su l f ide,  nitrogen, hydrogen, ethane, and 

methane. These gases present corrosive problems and t h e i r  evolut ion 
contr ibutes t o  scallng. 

I V .  STIMULATION EXPERIMENT 

A. Selection o f  Well and St imulat ion I n t e r v a l  

Two wells, Baca 19 and 20, were considered f o r  Experiment No. 7. I n  
general, both wel ls l i e  I n  a productive po r t i on  of the f i e l d  but produce 
a t  noncommercial rates. Baca 19 has been tested a t  an average shortterm 
f low r a t e  o f  120,000 lb/hr w l t h  a 30 percent steam f rac t i on .  The we l l ' s  
production i s  characterized by surging on a 4 t o  6 hour cyc le  w i t h  broad 
excersions o f  the f low r a t e  and wellhead pressure. Because o f  t h i s ,  the 
we l l  i s  bel ieved t o  produce from a two-phase zone o f  the reservo i r .  
Baca 19 I s  adjacent t o  Baca 15 on the western end of  a l l n e  o f  wells, 

namely Baca 13, 11, and 15 which are the best wel ls i n  the f i e l d .  

Baca 20 I s  located between Baca 11 and 13 nearer the center o f  that  
group o f  wells. The o r i g i n a l  Baca 20 hole d r i l l e d  toward the southeast 
was nonproductive (Figure 9). The we l l  was then r e d r i l l e d  t o  the north- 
east and marginal ly noncommercial production was obtained. 

term test ,  the w e l l  produced a t  a s t a b i l i z e d  r a t e  of 56,100 lb/hr w i t h  a 
56 percent steam f r a c t i o n  and a wellhead pressure of 116 psig. 

On a long- 

Several factors favored Baca 20 as a s t imulat ion candidate. The 
f a c t  t ha t  I t  I s  more c e n t r a l l y  located among the best wel ls  i n  the f j e l d  
gave reasonable assurance that  productive f ractures e x i s t  near the 
wellbore. The f a c t  that  i t  produces from a single-phase zone o f  the 
reservoir  was a lso considered t o  be a p o s i t i v e  factor .  L o g i s t i c a l  
considerations a lso favored Baca 20 because I t  i s  more accessible i n  bad 
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weather and the loca t lon  could be enlarged t o  accommodate the surface 
equipment needed for a f rac tu re  treatment. 

Select ion o f  the treatment I n t e r v a l  i n  Baca 20 was based on the 
f o l  lowing considerations : 

1. I n  the Redondo Creek area natura l  f ractures can be encountered 
a t  any depth i n  the Bandelier Tuff, but there i s  a higher 
incidence of  productive f ractures near the base o f  the forma- 
t lon.  In Baca 20 the tu f f /andesi te  contact i s  a t  approximately 
5,200 fee t  measured depth. 

2. Evaluation o f  the previous s t imu la t ion  resu l t s  i n  Baca 23 
(Ver l t y  and Horrls, 1981) y ie lded the conclusion tha t  a reser- 
v o l t  temperature s t g n l f i c a n t l y  higher than 450°F i s  necessary 
a t  Baca (because o f  the subhydrostat ic pressure) t o  provide the 
f low r a t e  and wellhead pressure needed for a commercial wel l .  
The temperature of  54OoF near the base o f  the Bandeller Tu f f  
was considered more than adequate (Flgure 10). 

3. I n t e r v a l  se lect ion was a l s o  governed by f rac tu re  design c r i t e -  
r i a .  A f rac tu re  wing length o f  300 fee t  or more was judged t o  
be necessary t o  provide reasonable assurance o f  reaching pro- 
duct ive na tura l  f ractures i n  the reservo i r .  A lso ,  a f rac tu re  
width s u f f i c i e n t  t o  accept 12120-mesh proppant was needed t o  
achieve a maximum p r a c t i c a l  f rac tu re  f l o w  conduct iv i ty .  The 
p r inc ipa l  factors  a f f e c t i n g  the f rac tu re  length and width are 

f rac  f l u l d  pumping rate,  f rac  f l u i d  volume, i n s i t u  f rac  f l u i d  
v iscos i ty ,  i n t e r v a l  height, and f l u i d  leakof f  f rom the main 

f racture.  The f rac  f l u i d  ra te,  volume, and v i scos i t y  were a l l  
maximized w i th in  p rac t i ca l  l i m i t s  d ic ta ted  by ava i lab le  f l u l d  

technology, w e l l  tubular s i tes ,  loca t lon  size, and treatment 
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Fracture design ca lcu lat lons l ed  t o  the conclusion that  the 
treatment I n t e r v a l  should be l l m l t e d  t o  a helght o f  300 fee t  or 

less. An overr id lng consideration i n  t h i s  regard i s  the f l u l d  
leakof f  from the maln f rac tu re  dur lng the treatment. A greater 
I n t e r v a l  helght or the presence o f  s i g n i f l c a n t  natura l  
f ractures I n  the wellbore provldes greater opportuni ty f o r  
d lvers ion o f  f rac f l u l d  from the maln f rac tu re  r e s u l t i n g  In  
dlmlnished f rac tu re  length. The f l n a l  choice o f  the treatment 
In te rva l ,  4,8804,120 feet, was made t o  exclude l o s t  c l r c u l a -  
t i o n  zones a t  4,850 fee t  and 5,120 feet.  

B. Well Recompletlon 

Baca 20 was o r l g t n a l l y  completed as shown i n  Flgure 1 7 A  w l t h  a 
9-5/8 Inch l t n e r  cemented a t  2,505 fee t  and a 7-Inch s l o t t e d  l l n e r  hung 
a t  2,390 feet  w l t h  the shoe a t  5,812 feet.  Before the s t imulat ion 
treatment, the 7-lnch s l o t t e d  l i n e r  was pul led,  the hole was plugged 
back t o  a depth o f  4,873 feet, and l o s t  c l r c u l a t l o n  zones above tha t  
depth were cured uslng cement plugs. A 7-inch blank l l n e r  was then 

cemented i n  place from 2,383 fee t  t o  4,880 fee t  I n  order t o  I s o l a t e  the 
deslred treatment i n te rva l .  Since the f rac i n t e r v a l  was t o  be from 
4,880 feet  t o  5,120 feet, a sand p lug had been placed from 5,827 fee t  
t o t a l  depth t o  5,400 fee t  and then capped with cement t o  5,120 feet .  
The sand plug above the cement cap was cleaned out a f t e r  the l l n e r  was 
cemented I n  place, leaving the treatment I n t e r v a l  open and Iso lated from 
above and below. The recompletlon I s  shown i n  Figure 116 and a de ta i l ed  
h l s t o r y  o f  the recompletion and treatment I s  glven In Appendlx A. 

C. Fracture Treatment 

The hydraul lc f rac tu re  treatment was accomplished I n  the 11 stages 

deflned i n  Table 5. The high formatlon temperature d lc ta ted special  
design and mater ia ls select ion. The treatment was pumped through a 
4-1/2 Inch tubing s t r i n g  w l th  a packer set a t  2,412 feet, j u s t  below the 
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TABLE 5 
e 

BACA 20 TREATING SCHEDULE 

Planned Aaual 
Size Site 

Stage No. (bbi) (bbl) 

1. 2000 2000 

e 

--I 

i; 

2 500 639 

0 3. 500 

W 

Prop pant 

Size - (Ib/gal) - 

0.39 1 OO-M ESH 
CaC03 
(10,500 LB) 

350 

Fluid 

FRESH WATER WITH 
FLUID LOSS ADDITIVE 
(FLA) 

FRESH WATER WITH 
FLA 

- 

FRESH WATER WITH 
FLA 

4. 1500 1400 POLYMER GEL WITH 
FLA 

5. 500 566 1.33 100-MESH POLYMER GEL WITH 
CaC03 FLA 
(31,500 LB) 

6. 500 500 POLYMER GEL WITH 
FLA 

crr 7. 1150 1168 0.46 16/20-MESH POLYMER GEL 
BAUXITE 

BAUXITE 

BAUXITE 

8. a 850 682 .85 16/20-MESH POLYMER GEL 

b 378 2.77 16/20-MESH POLYMER GEL 
6 

9. 300 12/20-MESH POLYMER GEL 
BAUXITE 

6J BAUXITE 
750 12/20-MESH POLYMER GEL 

11. 150 FRESH WATER 
- -  

8700 8735 

Q 
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FIGURE 11 

BACA 2 0  COMPLETION DEfAfbS 
( All depths refer to KB, 24' AGLf 
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7-Inch liner hanger. A 3,000 bbl fresh water pre-pad (Stages 1-3) was 
used to cool the wellbore and fracture. In the followlng Stages 4-10, 
,600 bbl of crossllnked polymer-gel frac fluld were injected, carrylng 
19,700 lb of 16/20-mesh sintered bauxlte and 119,700 lb of 12/20-mesh 

slntered bauxlte proppant In the last four stages. The frac fluld was a 
60 lb/1,000 gal hydroxypropyl guar (HP guar) polymer gel mixed in fresh 
water and crosslinked as It was pumped. Thls fluld was a new hlgh-pH 
system (Western HTFF-60) deslgned for Improved stablll ty at hlgh temper- 
ature. Slntered bauxlte proppant was used because of Its laboratory 
demonstrated ablllty (GRWSP reports "Geothermal Fracture Stlmulatlon 
Technology") to wlthstand hlgh temperature and stress. 

t 

Flnely ground calclum carbonate fluld- 5 s  addltlves'were Included 
In Stages 1-6 In an effort to reduce frac fluld leakoff to the small 
natural fractures. Approxlmately 4,200 lb of 200-mesh and 42,000 lb of 
100-mesh calcium carbonate were pumped. The 100-mesh materlal was 
Injected In 'slugs" to enhance the probabllity of brldging the fractures. 

The majority of the treatment fluld was pumped at approximately 80 
BPH. The rate was slowed to 40 BPM In Stage 10 and the proppant concen- 
tration was Increased to 4.21 lb/gal In order to create a more wldely 
propped fracture near the wellbore The instantaneous surface shut-in 
pressure was measured soon after the treatment was lnltlated (1,000 
pslg) and agaln near the end of the job (1,300 pslg), glvlng frac gradi- 
ents of 0.63 psi/ft and 0.69 psi/ft, respectively. The treatlng record 
and ptessute/rate history i s  shown in Flgure 12. Because o f  an expected 
frac gradlent of about 0.9 psl/ft (seen in an earlier stlmulatlon exper- 
lment In Baca 23 - Verlty and Mor s ,  1981) a total capacity of 11,000 
hhp was brought to the site. How er, the actual peak hydraullc horse- ' 

power used at Baca 20 was only 7,450 hhp because of the lower frac 
ts. The surface equlpment own In Flgure 13. 

pe steam packer, developed by Otis Englneerlng Corp 
was utlllzed which was equipped thylene propylene diene methylene 

3 3  



0 
P 

c" 

0 
iii n 
w' a 

a 
W iii 
0. 

FIGURE 12 

FRACTURE TREATING RECORD AND PRESSURE/RATE HISTORY 
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terpolymer (EPDM) elements and metal backup r i ngs  above and below the 
elements t o  prevent extrusion a t  ‘high temperature and pressure. The 

. 

p a r t i c u l a r  EPDM compound, designated Y267, was developed by L’Garde, Inc. 
under contract  t o  the U.S. Department o f  Energy (Hlrasuna, 1981). The 
packer was a lso equipped’ w i th  a s l i d i n g  mandrel which provided near ly 
20 fee t  o f  v e r t i c a l  movement of the tubing s t r ing.  This design allowed 
the tubing s t r i n g  t o  thermally contract  dur ing the treatment wi thout the 
problem o f  tubing movement a t  the surface. The packer performed we l l  i n  
a l l  respects. Set t ing and unsett ing operations were normal and there 
was no leakage. 

Only minor deviat ions from the planned pumping schedule occurr~ed 
dur ing the treatment and the desired goal o f  ending the treatment a t  a 
r e l a t i v e l y  high proppant concentrat ion was achieved. The var ia t ions 
occurred: (1) i n  Stage 7 when only about 1/2 lb/gal  o f  proppant was 
inadvertent ly added Instead of the planned 1 l b l g a l ;  (2)  I n  Stage 8 when 
a higher proppant concentration was used t o  make up f o r  the smaller 

amount used I n  Stage 7; ( 3 )  I n  Stage 9 when the proppant concentrat lon 
was Increased t o  about 2.11 lb /ga l  o f  the larger proppant Instead o f  the 
planned 2 lb/gal;  and (4)  i n  Stage 10 when the pumping r a t e  was reduced 
and the proppant concentration increased t o  4.21 lb /ga l  ( instead o f  the 

planned 3 l b /ga l )  t o  achieve a more widely propped fracture.  A reduc- 

t i o n  i n  pumping r a t e  would not necessari ly accompany the increase I n  
proppant concentration. However, i n  t h i s  case i t  was necessary because 
the two blenders were operating a t  maximum proppant capacity. 

As p a r t  of the hydraul ic f rac tu re  treatment diagnostics f o r  Baca 20, 

the bottomhole t r e a t i n g  pressure (BHTP) was measured I n  the f rac tubing. 

A special 4-1/2 inch tubing Instrument c a r r i e r  was manufactured t o  carry  
an Amerada-type pressure instrument Ins ide the f rac s t r i n g  j u s t  above 
the packer. The downhole t r e a t i n g  pressure h i s t o r y  recorded dur ing the 

f rac j ob  I s  shown I n  Figure 12. The v ib ra t i on  o f  the instrument was 

apparently qu i te  severe during the treatment (especia l ly  dur ing the 
f l rs t  stage); therefore, the average pressure values are p lo t ted.  I n  
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general, the average BHTP correlates w e l l  with the maximum and mlnlmum 

pressure value trends. For t h l s  reason, I t  I s  believed that  the BHTP 

data can be used t o  In te rp re t  the f racture treatment. The f r a c  gradlent 
calculated from th ls  data was 0.68 p s l / f t  which agrees qu l te  we l l  w i t h  
the f rac gradlents calculated from surface shut-In pressures. 

D. Experiment Costs 

D i rec t  f i e l d  costs f o r  recompletlon, st lmulat lon, and t e s t l n g  were 
o r l g l n a l l y  estimated t o  be $1,147,300, o f  which $580,800 was the e s t l -  
mated GRWSP share. The actual  t o t a l  d i r e c t  f i e l d  cost t o  the GRWSP was 
$605,200. O f  t h l s  t o t a l ,  $347,400 was f o r  f rac tu r l ng  mater la ls and 
servlces; $103,700 was fo r  the r i g  and re la ted  equlpment; $80,600 was 
f o r  logging and other evaluatlon procedures; and $73,500 was f o r  other 
mater la ls and servlces. A more deta l led cost breakdown i s  given I n  

well ,  r l g  mob l l l t a t l on ,  production test lng,  an.d a share o f  Schlumberger's 
logglng servlces. Los Alamos Natlonal Laboratory contr ibuted f rac tu re  
mapplng and temperature logglng servlces. Sandla Natlonal Laboratorles 
attempted t o  run an acoustic borehole televlewer on Schlumberger cable, 
but compatabl l l l ty  problems with Schlumberger's equlpment and t o o l  
problems prevented a successful run. 

By p r l o r  agreement, Unlon bore the cost of recompletlng the 

V. FRACTURE TREATMENT EVALUATION 

r e  treatment o f  Baca 20, Los Alamos Natlonal 
erformed a f racture mapplng experlment uslng Baca 22, l o -  

cated approxlmately 1,500 feet  from Baca 20, as an observatlon wel l .  A 
t r l a x l a l  geophone system was placed I n  the Baca 22 we l l  a t  a depth o f  
about 3,000 feet and, uslng technlques developed f o r  the Hot Dry Rock 

Geothermal Energy Program (A lb r lgh t  and Pearson, 1980), mlcroselsmlc 

a c t l v l t y  caused by the f rac tu re  job was mapped. A large number o f  

37 



Fracturing 
Fluids 

ci 

Table 6 

Actual Direct Costs to GRWSP 
For Stimulation and Evaluation 

Baca 20 Fracture Treatment 

Haterials and Services 
and proppants . $256,868 

Pumping service, transportation. etc. 59,830 
Water and water hauling 11,367 Frac tanks 12,386 Hisc. service 6.972 

347,423 

Rig daywork 74,875 
Rig fuel 6,046 Equipment rentals 

, 7,516 

3,756 
104,705 

Compr es s or s 

Other Drilling equipment 12,512 

Expendable mater 1 a1 s 

Hisc. services and equipment 
Packers 
Nitrogen and cofl tubing 
Logging 
Pressure and temperature survey Instruments 
DST instrument carrier 
Crane and tractors 
Rental equipment repair and inspection 
Other 

Transportation o f  tubing and misc. equipment 

Total 

7,999 

32,230 
10,664 
44,112 
3,740 
5,351 
8,627 
18,125 
16.046 
138,895 

6,183 

$605,205 
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dlscrete events (38) were recorded dur lng the f rac job; however, the 
geomagnetlc o r l en ta t ton  measurement o f  the t o o l  was l o s t  (Pearson, 
1982). The mlcroselsmlc a c t l v l t y ,  I l l u s t r a t e d  i n  Flgures 14 and 15, 
occurred I n  a broad zone whlch oughly 2,300 fee t  long, 700 fee t  
wlde, and 2,000 fee t  high. Glv e condlt lons of  t h l s  experiment, 
each mapped event l oca t l on  I s  p l y  known w l t h l n  150 fee t  i n  r e l a t l o n  
t o  other rock f a l l u r e  locatlons, and may suggest that  the s t lmulat lon 
treatment d l d  not create a stngular monoll thlc f racture.  These data 
a lso lnd lcate that  the mlcroselsmlc events were occurr ing above the 
I n j e c t i o n  zone In Baca 20. 

Most o f  the mlcroselsmlc events were recorded w l t h l n  the f l r s t  hour 
a f t e r  l n j e c t l o n  pumplng commenced I n  Baca 20. Thls 1s  I n  contrast  t o  
the prevlous f rac tu re  j o b  I n  Baca 23 (Pearson, 1982) where many o f  the 
largest  events occurred near the end o f  the pumplng. That detectable 
rock f a l l u r e  was infrequent dur lng the l a s t  stages o f  the s t lmulat lon 
treatment Implies that  comparatively l i t t l e  t o t a l  energy was expended I n  
the creatton o f  new fractures. Thls energy could have been expended i n  
the creat lon o f  addl t lonal  frac wldth or more l l k e l y  dlsslpated I n t o  the 
natura l  f rac tu re  system. An a l t e r n a t l v e  In te rp re ta t i on  could be tha t  
hor lzonta l  stresses I n  the reservoir  may not be so d l ss lm l la r  as t o  
a l low the accumulatlon o f  s t r a l n  l n  the formatlon. However, the :appear- 
ance o f  an elongated zone o f  selsmlct ty presumably s t r i k i n g  normal t o  
the l eas t  conf ln lng stress I n  the rock, appears t o  contrad lc t  th ls  

proceed I n  
nd lcat lve o f  
propped f low 

’ 

explanation. The mlcroselsmlc events would be expected t o  
advance o f  any s l g n l f l c a n t l y  wldened f rac tu re  (I .e., more 
the f l u i d  leakof f  zone) and would not  necessarl ly def ine a 
path t o  the wellbore a t  Baca 20. 

6. Temperature and E l e c t r i c  Lon Surveys 

The 240-foot Iso la ted open I n t e r v a l  was nonproductlve p r i o r  t o  the 
treatment, although there was a small r a t e  of  f l u i d  loss dur lng the w e l l  

completlon operatlons. This lndlcated that  a t  least  one mlnor l o s t  
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w 

BACA 20  MICROSEISMIC EVENT LOCATIONS 

SHOWN IN VERTICAL PROJECTION 
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circulation zone existed in the open Interval. Approximately 12 hours 
after the frac job was completed, the first of several temperature 
surveys, as shown in Figure 16, was obtained in the lower .part of the 
well. Figure 17 shows the deeper portions of these surveys in more 
detail. LANL ran two continuous temperature surveys (LANL 10-6-81) 
separated by about four hours time. In general, these surveys showed 
the heat-up of the wellbore following the frac job and the same trends 
as the prefrac survey (RGI 10-4-81) except for the bottom zone of the 
open interval. The cooler zones behind the casing are probably a result 
of the weli completion operations. To further confirm this profile, 
however, a series of continuous temperature surveys were run by 
Schlumberger on October 12, 1981. Cold water was injected into the well 
prior to the first and second survey, resulting in the low profile 
temperatures shown In Figures 16 anid 17. These three surveys confirmed 
that only the bottom Interval of about 100 feet In height (below 5,000 
feet) accepted all or most of the frac fluid. The zone located behind 
the 7-inch liner at approximately 4,720 feet was apparently cooled by 
workover fluids and possibly by the Injected frac fluids; however, the 
communication path between this zone and the open interval (if it 
exists) appears to be at some distance away from the wellbore (i.e., 
through the artif Icial and/or natural fracture system). 
the temperature survey of November 9, 1981, following the production 
test, clearly Illustrates the fluid Inflow zone below 5,000 feet. 

In add1 tlon, 

Following the fracture treatment, the well was allowed to heat up 
for about 24 hours so that the high viscosity polymer in the fracture 
fluid would degrade and be easily flushed from the formation (without 
producing back the proppant) when the well was allowed to flow. 
during this period that the LANL temperature surveys were obtained. The 
well was then cleaned out by making a bit run to 5,134 feet and circu- 
lating aerated water. No significant amounts of solids were observed at 
the surface during the cleanout. 

It was 
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Ib suite of openhole electric logs (dual laterolog, compensated 
neutron-formation density, borehole-compensated sonic, dipmeter , and 
fracture identification) were run in the open interval on October 8, 
1981. A comparlson of the pre-frac and post-frac logs did not indicate 
any significant changes which could be interpreted as new fractures (or 
high porosity zones), although in some Intervals enhancement of existing 
porosity was noted. Furthermore, the Inflow zones shown by the tempera- 
ture data could not be clearly Interpreted in this formation with the 
electric log data; therefore, these results were inconclusive. An 
attempt was made to obtain an acoustic borehole televiewer survey In the 
well utilizing equipment provided by Sandia National Laboratories, but 
it was not successful. 

C. Production Tests 

At this time it was determined that the well was worthy of final 
completion and testing. A cleanout run was made Into the well to 5,731 
feet, then a 5-1/2 Inch pre-perforated liner was Installed in the treat- 
ment Interval as shown in Figure 11C. An attempt was made to perform a 
modified drillstem test (DST) In Baca 20 on October 9, 1981. However, 
shortly after the initiation of fluid flow at the surface, the nitrogen 
pump truck broke down and the test was terminated without obtaining 
Interpretable data." On October 10-11, 1981 a 6-hour modified DST was 
successfully performed which was a combinatlon of conventional DST 
methods and gas lift to maintain steady, single-phase flow to the well- 
bore. Thls DST method-allowed the safe use of downhole tools and 
maintained a relatlvely low, steady flow rate of  about 21,000 lb/hr 
throughout the test. The rates, given In Table 7 ,  were obtalned by 
gauging the flow Into the mud tanks. Transient pressure and temperature 
data were obtalned downhole during the production period and the sub- 
sequent pressure buildup period. maximum recorded temperature at a 
depth of 3,000 feet was 320°F and indicated that the near wellbore area 
had not recovered from the injection of cold fluids. There was no 
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Table 7 

DST, October 10-11, 1981 

I 
Baca 20 Flow Rate c 

T i  me Water Rate (bbl/dy) Volume ( b b l r  

2030-2045 1329 13 -84 
c 

2045-2 100 1170 12.19 
2100-21 15 1276 13.29 

2115-2130 1223 12.74 

2 145-2200 1329 13.84 

G 

2200-221 5 1329 

1382 

1396 

13.84 
221 5-2230 

2245-230 1 
14.40 

15.51 

c 

2301 -2330 

2345-0000 
1347 27.13 

1382 14.40 
0000-0023 1248 19.93 

. 0100-0115 1276 13.29 
e 0115-0130 1223 12.74 

0 130-0 135 1276 4.43 
0 145-0200 1382 14.40 

13.29 0200-021 5 1276 

02 15-0230 1329 13.84 

c Total  flow time, tp = 6.32 hrs. 
Average water f low r a t e  = 1307 
Total  mass flow r a t e  average = (1.15)(1307) ='1500 bbl/dy 

b 
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proppant mater la l  noted I n  the re tu rn  f l u l d s  nor found I n  the wellbore 
fo l lowlng t h l s  test .  

Conventlonal t rans lent  pressure analysis technlques were used t o  
analyze the data, glven In  Table 8, whlch y le lded a reservoir  
permcabll l  ty-thickness o f  about 1,000 md-ft uslng the Horner technlque 
shown i n  Figure 18. Appl lcat lon o f  the type curve matchlng technlque t o  
the drawdown data resul ted I n  a s lml lar  value. Thls low reservo l r  
permcabll l ty-thlckness value, compared t o  other par ts  o f  the f l e l d ,  
suggests t h l s  w e l l  may be i n  a less productive zone. The sk in  factor 
was calculated t o  be -4.8, whlch compares wlth the bet ter  w e l l s  I n  the 
f l e l d .  Evaluatlon o f  the early-t lme pressure bui ldup data a lso l n d l -  
cated small wel lbore storage e f fec ts  and a perlod o f  f rac tu re  ( l l n e a r )  
f low near the wellbore. Although €he l l nea r  f low pressure e f fec ts  were 
adynamic, the length o f  the propped f rac tu re  was calculated t o  be about 
160 fee t  using conventlonal theory (Flgure 19 and Table 8). The produc- 
t l v l t y  Index measured dur ing t h l s  t e s t  was 260 lb/hr/psl.  Thls PI value 
suggests t h a t  the we l l  does not have the p roduc t l v l t y  po ten t l a l  o f  the 
bet ter  Baca wel ls  ( t he  range of  PI'S I n  other Baca wel ls i s  220- 
430 lb /hr /ps l ) .  

Numerlcal slmulat lon studies were performed t o  lnvest lgate the 

e f fec ts  o f  f rac tu re  geometry, f rac tu re  conduct lv l ty,  and reservolr  
permeabl l l ty  on the w e l l ' s  p r o d u c t i v l t y  uslng the DST data fo r  the 
production h i s t o r y  match. Although the r e s u l t i n g  solut lons are not 
unique, the general concluslons are that  the f rac tu re  has hlgh 
conduct lv l ty  (3.e.. permeabll l ty I n  the range of  600 darcles, whlch 
corresponds t o  laboratory data f o r  t h l s  proppant mater la l ) ,  the reser- 
v o l t  permeabll lty-thlckness 1s  t n  the range of  7,000 md-ft (as calcu- 
l a ted  from the pressure data), and the propped f rac tu re  length I s  
r e l a t l v e l y  short (about 300 f e e t )  w l t h  a f rac tu re  volume close t o  the 

volume of proppant mater ia l  In jected. A comparlson of  the nurnerlcal 
slmulat lon resu l t s  w l t h  the DST pressure data 1s  I l l u s t r a t e d  I n  

Flgure 20. Thus, the t rans lent  pressure data analysis and the numerlcal 
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Table 8 

Baca 20 Pressure Bui ldup Data 
DST, October 10-17, 1981 

pws ( P S W  A t  ( h r s )  

487.5 .o 
496.5 .0167 
507.6 .033 
512.4 .05 
514.0 .067 

514.0 .083 
515.0 .1 
516.0 .117 
517.0 .13 

519.4 .15 
520.0 .17 
522.0 .25 
524.7 .333 
525.0 ,417 
526.5 .5 

530.0 1 .o 
533.6 1.5 

535.3 2.0 
537 .O 3.0 

540.6 4.0 
542.4 
544.2 
545.9 

5.0 
6.0 
7.0 

m 
tp = 6.32 hrs 
Qavg = 1.500 bbl/dy t o t a l  ~ S S  f low 

= 40.4 ps l /cyc le  ( f rom Hornet p l o t )  

J162.5) (1.500) (1.18) ( . l a )  - - 162.5 BuQ 

= 1,000 md-f t 

kh = 
m 40.4 
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Table 8 ,  ( c o n t . )  

For skln - 

)+ 3.23] 

1 - log kh  + 3.23 rphv ct r, 2 

5 = 1.151 

W 

1,000 
( . 2 ) ( 1 0 0 ) (  .14) (15  x 10-6)( .133) 

= 1 .151  

W = -4.8 

For fracture length - 
W Hvf = 31.0 (from plot of P v s g )  

k xf2 = ( -4.0i:fh qB)2 . v 
(4 ct 

.14 
(311 (1001 ( . 2 ) ( 1 5  x 10-6)(10) 

t 160 f e e t  

Note: Wa 
32 
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FIGURE 19 

BACA 20 : 

PRESSURE BUILDUP vs {z 
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BACA 20 

NUMERICAL SIMULATION RESULTS , 
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slmulatlon results are In reasonable agreement for the propped fracture 
conftguratlon. 

Followlng the modlfled DST, a 14-day flow test was performed by 
Unlon to determine the well's productlve capacity. A plpellne was 
Installed between the Baca 20 wellhead and the nearby sump. The flow 
rate was calculated uslng a slngle orlflce plate method to measure the 
two-phase flow condltlons. An estimate of the steam fraction was 
obtalned by taklng a fluid flow sample (uslng a nozzle In the plpellne) 
and passing thls sample flow through a mlnl-separator. The results, 
illustrated In Flgure 21, show that the well produced approxlmately 
110,000 lb/hr total mass flow lnltlally, but decllned rapldly to a flnal 
stablllted rate of about 50,000 lb/hr under two-phase flow condltlons ln 
the formation. The well exhlblted a small kick on the second day, but 
qulckly returned to the general decllnlng trend. The measured steam 
fractlon Increased from about 50 percent to a flnal 86 percent wlth the 
wellhcad pressure decllnlng&from SO pslg to a flnal 24 pslg. These data 
suggest that the productlon test caused a large pressure decllne tn the 
well and two-phase flow was occurring ln the formatlon. The formatlon 
cooling seen at the bottom of the wellbore In the November 9, 1981 
temperature survey (Flgure la), obtalned lmmedlately after well shut-In, 
I s  apparently the result of a.temperature drop in the fluld assoclated 
wlth flashing flow. 

The most probable caus the low productlvlty i s  the relatlve 
y reduction assoclated wlth two-phase flow effects in the 
These effects, In turn, result prlnclpally from the low 

reservoir permeability condlt#ons In thls area combined wlth the sub- 
hydrostatlc reservoir pressure. Slnc he deslgn flowllne pressure of 
the power plant I s  more than 100 pslg he well wlll not produce commer- 
clal quantltles of fluld at ad pressures. Because of the 
poor performance of the well lded to perform an acld 
of the fracture. As prevlously dlscussed, calcium carbonate wa 
the fluld-loss additive durlng the hydraulic fracture treatment 
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mater la l  was used wlth the intent o f  performlng an ac ld  cleanout should 
the f rac tu re  conduct lv l ty  show damage. The p o s s l b l l l t y  o f  such damage 
wlth Insolub le f l u ld - l oss  addi t ives (e.g., 100-mesh 
concern I n  p r l o r  s t lmulat lon experiments. Although the pressure data 
d l d  not lnd lca te  that the f rac tu re  conduct lv l ty  had been damage 
not preclude the p o s s l b l l l t y  tha t  the calclum carbonate had p l u  
natura l  f ractures and f low paths I n  the  formatlon whlch In te rsec t  the 
a r t l f l c l a l l y  propped fracture.  The resu l t s  of t h l s  ac ld  cleanout t rea t -  
ment are dlscussed i n  Sectlon V I I .  

V 

d) has been a 

v 

Y 

Y 

D. Tracer Studles 

I n  order t o  determlne the f rac t i on  o f  In jected f rac f l u l d  tha t  was 
returned when productlon commenced, several chemical t racers were em- 

ployed. The t racers were methanol , n-propanol, Tlnopal CBS-X, and the 
polymer i t s e l f .  A l l  the chemlcals (except the Tlnopal CBS-X) are ln-  
cluded I n  the normal composltlon o f  the frac f l u l d  system whlch was 
In jected dur lng Stages 4-10 he treatment. 

I 

The methanol used I n  the tracer study 1s contalned tn the 
Frac c lde Im bacter lc lde.  The bacter lc lde was used I n  t rea t l ng  a l l  
247,926 gal lons o f  f rac tu r l ng  f l u l d .  Based on a concentrat lon o f  one 
ga l lon  bac ter lc lde  per 1,000 gal lons f rac tu r lng  f l u l d  and a methanol 
concentrat lon o f  40 percent I n  the Frac c lde Im, a t o t a l  o f  
o f  methanol was ln jected.  The n-propanol used I n  the t racer s t  
contalned I n  the cross l lnker  mater la l  f o r  the HP guar polymer system 
(Western HTFF-60). The concentrat lon o f  the n-propanol I n  t 
l l n k e r  1s 30 percent and a t o t a l - o f  620 l b  wa Injected. Th 
polymer acts as a t racer  when the concentrat lon o f  t o t a l  org 
I n  the produced f l u l d  I s  measured. The thermal degradatlon o f  the 

polymer I s  lnd lcated by the a t l o  of carboh a te  t o  t o t a l  organ1 
carbon s l nce the undegraded olymer r a t l o  1 bout 2.4 (GRIJSP r e  

V 

w 

Y 
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*Raft Rlver H e l l  St lmulat lon Experiments”). Tlnopal CBS-X, a f luores-  
cent, water soluble t racer was added t o  the ge l led  f l u l d  I n  Stage 4. A 

t o t a l  o f  55 pounds was used. 

Durlng the production tes t l ng  done a f t e r  the s t lmu la t lon  treatment, 
f l u l d s  were sampled and analyzed f o r  t h e l r  t racer content. f l gu res  22 
through 24 show the analysls data on the tracer concentrat ion I n  the 
returned f l u l d s  versus the cumulattve f l o w  volume. Table 9 l i s t s  the 
sample analysis data f o r  a l l  the t racers except the Tlnopal CBS-X. 
Table 10 l i s t s  the sample analysls data f o r  Tlnopal CBS-X provlded by 
Unlon. 

Mater la l  balance ca lcu lat lons fo r  the tracers, w i th  the exceptlon of 
the Tinopal CBS-X, lndfcated tha t  appr.oxlmately 20 percent o f  the f l u l d  
tha t  was In jec ted  dur lng the s t lmu la t lon  treatment was returned t o  the 
surface dur lng the post-st imulat ion f low tests;  l,e., 26 percent o f  the 
methanol, 19 percent o f  the n-propanol, and 21 percent of the polymer 
( t o t a l  organic carbon). The data for  Tlnopal CBS-X, show tha t  t h l s  
t racer  general ly behaves l l k e  the others but glves only a one percent 
mater la l  return.  Thls t racer may be excessively adsorbed or I s  not as 
read l l y  soluble In water as o r l g l n a l l y  thought. However, the low 
recovery o f  the Tlnopal CBS-X I s  more l i k e l y  re la ted  t o  the f a c t  that ,  
un l i ke  the other tracers, I t  was In jec ted  as a s lug ea r l y  I n  the t rea t -  
ment. The f rac f l u l d s  In jec ted  I n  the ear ly  stages may have been pushed 
f a r  enough I n t o  the formatlon t o  In te rsec t  the natura l  f rac tu re  system 
and be d l l u t e d  by the reservo l r  f l u l d s  and/or trapped I n  the formatton. 
The t o t a l  f rac  f l u i d  volume,a therefore, does not appear t o  have been 
contatned w l t h l n  a f rac tu re  system whlch was swept back t o  the wellbore 

as a s lug by the reservo l r  f l u lds .  

The chemical data a lso lndlcates tha t  the polymer was thermally 
degraded by the tlme the f l r s t  samples were obtalned; l.e., low carbo- 

hydrate re turn.  This degradation was more rap ld  than observed durtng 
the Baca 23 experlment and probably resu l t s  f rom the higher formatlon 
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Table 9 

Tracer Concentratlon and Fluld Productlon Data 

Cumulatlve *Carbohydrate/ Productlon Hethanol N-Propanol Total Organlc Total Organlc 
(106 lb) .(ppm) (ppm) Carbon (ppm) Carbon 

0.36 28 15 108 .06 
2.59 28 14 104 .06 
4.71 25 11 87 .08 

Y 
1 6.87 20 8 69 .10 1 

8.78 16 6 59 .10 
1 

10.0 13 c5 52 .13 
11.5 10 c5 45 .17 
12.9 8 c5 43 .18 
14.7 7 cs 43 .17 
16.1 6 c5 48 .14 
18.6 6 c5 43 .16 
26.8 5 
28.1 5 
29.2 4 

Y 

c5 
<5 
c5 

32 .21 
32 .23 
30 .24 

* Note: Ratlo o f  polymer carbohydrate to total 
(Undegraded polymer ratlo I s  2.4). 

w 
organic carbon 
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Table 10 

Concentration o f  Tinopal CBS-X 

Cumul at i ve Production 
Mi 1 1  ion Pounds 

Ti nopal CBS-X Tracer 

Parts Per Bi 1 1  ion 
After Fracturing, Concentration 

0.36 
0.48 
0.64 
0.72 
0.94 * 

0.98 
1.14 
1 .51 
1.64 
1.79 
1.93 
2.07 
2.20 
2.27 
2.35 
2.42 
2.51 
2.57 
2.66 
2.72 
2.81 
2.96 
3.02 
3.15 
3.29 
3.42 
3.68 
4.04 
4.41 
4.71 
5.23 
5.51 
5.98 
6.30 
6.57 
6.74 
7.13 
7.65 
8.43 
8.91 
9.27 
10.13 
1 1  -58 
12.44 
12.99 

32. 
19. 
37 . 
45 . 
57 . 
62 . 
40 . 
38 . 
43. 
48 . 
47. 
57. 
41 . 
42 . 
53 . 
43. 
49 . 
43. 
49 . 
48. 
49 . 
45 . 
45 . 
39 . 
37 . 
31. 
39. 
55. 
62 . 
64 . 
60 . 
38. 
33. 
24. 
27. 
25. 
18. 
21 . 
21. 
22. 
14. 
10. 
7. 
6. 

c 

Q 

G 

(u 

c 
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Table 10, (cont.) 

Cumulative Production Tinopal CBS-X Tracer 
After Fr actur i ng , 
Ni 1 1  ion Pounds 

Concentration 
Parts Per Bi 1 1  ion 

14.60 
15.89 
18.27 
19.17 
20.36 
21.38 

5. 
7. 
3. 
1. 
1. 
1. 
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FIGURE 22 

CONCENTRATION OF METHANOL AND N-PROPANOL TRACER VERSUS 
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FIGURE 23 

CONCENTRATION OF TOTAL ORGANIC CARBON VERSUS 
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temperature. The Baca 20 tracer resu l t s  are I n  general agreement w l th  
the t racer r e s u l t s  obtalned dur lng the Baca 23 s t lmulat lon experlment I n  
that  there was r e l a t l v e l y  low tracer mater la l  return, an ea r l y  appear- 
ance o f  reservolr  f l u ld ,  thermal degradatlon of the polymer, and general 

mlxlng o f  the Tlnopal CBS-X t racer throughout the re tu rn  f l u l d s .  The 
data from thts experlment are not s u f i l c l e n t  t o  fur ther  guant l fy  the 
reasons f o r , t h e  var la t lons In  tracer returns. 

3 

5 

VI .' FRACTURE DE~IGN TECHNIQUES 

rci 

A. Fracture Geometry Hodels 

Because of  the lack o f  lnformat lo i  
domlnated type resource t o  a hydraullc 
study was performed uslng several mett 
ca lcu late dynamlc f rac tu re  geometry. 
uslng the Geertsma (1969) l i nea r  and I 

Perklns-Kern (1961 ) f rac tu re  geometry 
f rac tu re  geometry model. Conslderlng 
flrst, I t  was. estimated that  a f t e r  tht 
pre-pad was Injected, the f rac tu re  w l c  
f racture volume would a lso be s m a l l  ( t  

the 80 BPM r a t e  and wlth an e f f e c t l v e  
the f rac tu re  s t a r t s  t o  s l g n l f l c a n t l y  I 
a t  the beglnnlng o f  Stage 4 ( S l n c l a l r ,  
helght conf l gu ra t l on  (I .e., a 600-fool 
l n l t t a l  l n j e c t l o n  o f  1,200 bbl  o f  h l g t  
a 130-foot f rac tu re  length w l t h  a 0.2€ 

shows the conttnued growth o f  the frac 
e In jected f l u l d  volume Increased. The 

hereln (0.432 Inches) may explaln the 
proppant was placed I n  the fracture.  
length was 340 feet  a t  shutdown. 

Y 

e 

on the response o f  a f racture- 
f racture treatment, a parameter 
ids publlshed I n  l i t e r a t u r e  whlch 
'heoretlcal calculat lons were made 
, d i a l  f racture growth models, the 
iodel, and the Nolte (1979, 1982) 
he Geertsma l i n e a r  f low model 
l n l t l a l  3,000 bb l  cool lng water 
h would be s m a l l  and the t o t a l  
s e n t l a l l y  neg l l g lb le ) .  Thus, a t  
rac f l u l d  v l scos l t y  o f  300 cp, 
crease I n  wldth and volume only 
1971). Assuming a large f rac tu re  
v e r t l c a l  f racture helght) ,  the 
v l scos l t y  f rac f l u l d  would create 

inch f rac tu re  wldth. Table 11 
ure calculated fo r  the job as the 
arge f rac tu re  wldth calculated 
ase I n  whlch the large dtameter 
he calculated dynamlc f racture 
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TABLE 11 . G 

BACA 2 0  FRACTURE GEOMETRY FROM 
GEERTSMA LINEAR FLOW MODEL 

INJECTION RATE (BPM) 

VISCOSITY (CP) FOR FRAC FLUID 
FRACTURE HEIGHT (FT) 
ROCK SHEAR MODULUS (PSI) 

SPURT LOSS (FT3/FT2) 

PRE-PAD VISCOSITY (CP)-INITIAL 3,000 bbl 

FRACTURING FLUID COEFFICIENT (FT/$EG 

80. 

300. 
600. 

2600000. 

0.1 

0.002 
0.002 

WIDTH LENGTH FRAC EFF FLUID INJECTION 
(FT) VOL. (FT3) % VOL. (bbl) TIME (min.) 

,010 84. 84. 0.5 3000 
- (IN) - 

38 _ _  -- 
130 3,424 14.5 4200 53 
21 6 7,425 22.8 5800 73 
283 11,131 26.8 7400 93 

,266 
.344 
394 
.432 

- 
- 

340 14,652 29. 9000 125 

b 

6 

c 

t 
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The Geertsma radlal flow model was also consldered, however, the 
baslc model assumption that the fluld enters Into the formatlon at a 
slngle polnt was consldered to be lnapproprlate. The temperature data, 
discussed earller, show that the frac fluld entry zone covered a vertl- 
cal helght of about 100 feet at the wellbore (and posslbly greater 
vertlcal helght In the reservoir). By sllght modlflcatlon of the frac 
fluld efflclency value, the radlal flow model does produce results In 
reasonable agreement with the llnear flow model (as given In Table 12), 

. but the assumed fracture shape, geometry, and boundary condl tlons cannot 
be correlated wl th exper lmental data. 

The Perklns-Kern geometry model was consldered next. The Geertsma 
model dlffers from the Perklns-Kern model only In the assumption of a 
no-slip boundary at the top and bottom of the fracture. Because of the 
boundary condltlon assumption, the Perklns-Kern model tends to predlct a 
somewhat longer, thlnner fracture. I Howver, for the case consldered 
here, the effect of the boundary condltlon I s  negllglble because (1) the 
fraction helght Is large, and (2) the htgh vlscoslty fracture fluld 
forces a wlde fracture and tends to mask any difference between the 
models. The avallablllty of EHTP data, uhlch Is utlllzed by the Nolte 
analysls (and uhlch assumes the same boundary condltlons as the Perklns- 
Kern model) lead to the compartson of the Geertsma model results with 
the fracture geometry from the Nolte model. A Nolte-type pressure 
decllne plot was constructed (as shown In Flgure 25) uslng the pressure 
falloff data presented In Table 13. A comparison of the results of the 
Nolte pressure decllne analysls to the Geertsma fracture geometry models 
shows good agreement as lven In Table 12. It should also be noted that 
the estlmate of time to fracture closure (49.2 mln) Is In reasonable 
agreement with that observe ow plot- analysls (37 mln) 

u shown In Flgure 26. 

The only assumed value for both the Geertsma llnear and Nolte frac- 
ture geometry theorles Is the 600-foot fracture helght. The differlng 
boundary condltlons of the two theorles cause sllght differences In v 
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TABLE 12 

FRACTURE GEOMETRY COMPARISON 

PARAMETER GEERTSMA LINEAR GEERTSMA RADIAL NOLTE 
FRACTURE FRACTURE ANALYSIS FRACTURE ANALYSIS 

FLUID LEAKOFF 0.002 FT / d m  0.002 F T V m  0.002216 FT ,$/m 
COEFFICIENT PLUS 0.002 FT3/FT* PLUS 0.002 FT3/FT2 

SPURT LOSS SPURT LOSS 

0.29 0.28 0.291 FLUID EFFICIENCY 

600 FT FRAC HEIGHT 600 FT 

FRAC TOTAL 680 FT 776 FT 846 FT 
LENGTH ONE SIDE 340 FT 388 FT 423 FT 

FRAC WIDTH (AVG.) 0.432 IN 0.356 IN 0.379 IN 

49.2 MIN CLOSURE TIME - - - -  

---- 

- - - -  

PCI El247 
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TABLE 13 

i; NOLTE PRESSURE DECLINE D A T A  

'bh 
At 6 82,361' AP(.25,6 1 AP(.5,6 ) 4P(.75,6) 

c ( m i d  (Wt ,NJ) (psig! (psi) (psi) (psi) - Y 

s 

30 
35 
40 
45 
50 
55 
60 

Irj 

u 

c 

65 
70 
75 
80 

1 .0081 2114 
5 .0406 1912 

10 .0813 1753 
15 .122 1655 
20 ,163 1543 
25 .203 1462 

.244 1396 
,285 1335 
.325 1284 
.366 1242 
.407 * 1198 
.447 1160 
.488 1122 
.528 1093 
.569 1067 
,610 1041 
350 1017 

52 
103 
145 
189 
227 
265 
294 
320 
346 
370 

85 .691 996 39 1 
90 ,732 975' 412 
95 .772 953 434 

451 100 .813 936 
105 ,854 915 472 

-. 

20 
46 
72 
96 

117 
138 _ _  
160 12 
177 29 
198 50 
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FIGURE 25 

NOLTE PRESSURE DECLINE ANALYSIS 
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conf lgurat lon,  but good general agreement. These resu l t s  compare 
favorably wlth the measured data dlscussed prevlously; however, I f  the 
f rac tu re  I s  not symmetrical or simple i n  shape, then the assumptlons f o r  
e l t he r  model are Inval id .  Under such conditions, these models only 
provlde an approxlmate estlmate f o r  the dynamlc f rac tu re  conf igurat ion.  
I n  a n a t u r a l l y  f ractured formatlon, there always ex l s t s  the p o s s l b l l l t y  
t ha t  m u l t l p l e  f ractures may open and that  a much more cornpllcated f rac-  
t u r e  geometry may r e s u l t  as suggested by the mlcroselsmlc event data. 

6. Closure Pressure 

The formatlon closure pressure was determlned f o r  t h l s  experlment by 
p l o t t l n g  the 6HTP f a l l o f f  versus a time funct lon suggested by Nol te 
(1979) as shown I n  Figure 26. According t o  l l n e a r  f low theory, t h l s  
p l o t  should e x h i b i t  a s t r a i g h t  l i n e  behavior u n t i l  the f rac tu re  closes 
(l.e., becomes nonllnear). The pressure a t  the moment of  f rac tu re  
closure I s  equal t o  the t o t a l  stress ac t i ng  t o  close the f rac tu re  plus 
any addl t lonal  stress caused by the l oca l i zed  increase I n  pore pressure 
near the f rac tu re  faces. The closure pressure was found t o  be 1,850 
pslg. I n  th is  case, the bottomhole c losure pressure, adjusted f o r  the 
hydrostat lc head a t  2,361 feet, I s  approxlmately 470 p s i  less than that  
measured a t  the surface (Instantaneous shut-In pressure). Thls I s  
conslstent w l t h  prevlous experlence (Erdle, 1981). Uslng the bottomhole 
closure pressure and the shoe of  the 7-Inch l l n e r  as the reference depth 
(4,880 fee t ) ,  the f racture closure pressure gradlent was calculated t o  
be 0.601 p s l / f t  whlch agrees w l t h  the prevlously determlned f rac tu re  
gradlents. 

c 

c 

c 

(r 

Q 

c 

c 

C. Tublnq F r i c t i o n  

b 
Tublng f r l c t l o n  pressure ,asses were Ldtermlnec f o r  spec l f t c  perlods 

From the surface and BHTP 
dur lng the f rac tu re  treatment when the pump r a t e  was constant and one 

f l u l d  type occupled the e n t l r e  tublng volume. 
records a tublng f r t c t l o n  ca l cu la t l on  was made using the equatlon c 
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ci 'tf = 's - 'bh + 'h 

where 

Tublng frlctlon pressure loss (psi) Ptf = 

'S 
= Surface pressure '(psig) 
= Bottomhole pressure (pslg) 
P Hydrostatlc pressure (pslg) 

'bh 
'h 

I. 

W 

i2 For Stages 4, 5, and 6 of the stlmulatlon treatment, the treatlng record 
shown ln Flgure 12 glves 

= 2,400 PSlg 
pS 

t 2,700 pslg @r 2,361 feet 
P (0.433) 2,361 feet = 1,022 pslg 

'bh 
'h 

Substltutlng In the above equatlon, the measured value for the tublng 
6 frlctlon pressure loss i s  

Ptf = 722 psi (measured) 

Using Hestern's tublng frlctlon curves (1979) for a 4-1/2 Inch frac &d 

string and a flow rate of 80 BPM, the frlctlon pressure loss was found 
to be 340 and 700 psi per 1,000 feet o f  tublng for uncrossllnked and 
cross1 inked HP guar f lulds respec vely. The calculated result 

es that the uncrossllnked frac fluld ublng frlctlon pressure loss 
reasonably well with the measur e treatlng recor 

'tf = 

e 

= 803 psl (calcul uncrossllnked fluld) Ptf 
6ii 

1,653 psl (calc 

r3 
7 1  



Even though the f rac  f l u l d  was heated t o  about 100°F t o  speed cross- 
l l n k l n g  react lon t i m e  (estlmated t o  be approxlmately 60 sec), an l n -  
complete c ross l lnk  was probably formed l n  the tublng; hence, the tub lng 
f r l c t l o n  pressure loss I s  closer t o  the uncrossllnked value. 

VII. A C I O  TREATMENT 

A. Treatment Deslqn 

As discussed I n  Section V, Baca 20 produced a t  subcommerclal ra tes 
fo l low lng  the hydraul lc f rac tu re  s t lmu la t lon  experlment. As a posslble 
remedy, an ac ld  treatment was proposed t o  dissolve the f l n e l y  ground 
calclum carbonate mater la l  used as a temporary plugglng agent ( f l u l d -  
loss add l t l ve)  I n  the f rac tu re  treatment and whlch may have remalned I n  
the formatlon or I n  the propped fracture.  The ac ld  treatment was de- 
signed t o  remove 47,800 l b  o f  calclum carbonate f l u l d l o s s  add l t l ve  uslng 
a hydrochlortc ( H C l )  ac id  so lut ion.  

Successful removal of the calclum carbonate f lu ld - loss  add l t l ve  f rom 
the formatlon I n  Baca 20 was constdered t o  have two po ten t l a l  benef i ts :  
(1)  commerclal p roduc f l v l t y  mlght be real lzed; and ( 2 )  more Importantly, 
lnformat lon mlght be obtalned on the behavlor o f  the f lu td - loss  add l t l ve  

whlch I s  c r l t l c a l  t o  the destgn of  f u tu re  hydraul lc f rac tu re  treatments. 

f l n e  pa r t l cu la te  matter I s  used almost un iversa l l y  I n  hydraul lc  
f rac tu re  s t lmu la t lon  treatments f o r  the purpose o f  temporar i ly  plugglng 
the formatlon along the path o f  the newly created fracture.  
the " leak-of f"  o f  f rac tu re  f l u l d  t o  the surroundlng formatlon, the 
growth o f  the f rac tu re  I s  enhanced. There are, however, po ten t l a l  
compllcatlons Involved w l th  the use, or non-use, o f  f l u id - l oss  addl t lves.  
The po ten t l a l  penal t les f o r  not uslng a f l u ld - l oss  addl t lve,  especla l ly  
I n  hlgh permeabl l l ty  geothermal reservolrs,  are a severe l t m l t a t l o n  I n  
the length of  f rac tu re  achieved and a posslble ear ly  termlnat lon o f  the 
treatment due t o  proppant screen-out. The po ten t l a l  penalty f o r  uslng a 

By stemmlng 
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f lu ld - loss  add l t l ve  occurs when the w e l l  I s  returned t o  productton. 
Idea l l y ,  the f l n e  f l u ld - l oss  add l t l ve  f l o w s  out o f  the formatlon, 
through the proppant pack, and out o f  the w e l l .  However, there has 
always been a serlous concern tha t  a substant la l  por t lon  o f  the mater ia l  
may not f low out o f  the w e l l  and may, indeed, p a r t i a l l y  p lug the forma- 
t l o n  and/or the f rac tu re  proppant pack. 

S l l l c a  sand I s  the most comm add l t l ve  and has been used 
I n  most o f  the prevlous GRWSP experlments (Campbell, e t  al., 1981). 
However, In  response t o  the concern about permanent plugglng, f l n e l y  
ground calclum carbonate was used i n  Baca 20 as a subs t i tu te  f o r  sand, 
so tha t  I n  the event l t  d i d  not f l o w  back out o f  the w e l l  I t  could be 
dlssolved I n s l t u  wlth hydrochlor ic acld. I n  order t o  check f o r  posslble 
detr lmental  e f fec ts  o f  the proposed treatment, HallYburton Services 
conducted a laboratory t e s t  s lmulat lng a propped f rac tu re  t n  Baca forma- 
t l o n  mater ia l  a t  elevated temperature and closure stress (Appendlx B ) .  

These tes ts  lnd lcated tha t  ac ld  had no adverse e f f e c t  on f rac tu re  
conduct lv l ty  due t o  proppant f a l l u r e  or embedment. 

post- f racture t r e  t tes t l ng  described prevlously, no 
oss add i t i ve  was observed and It, 

t suggested that  a h lgh ly  

c a l c l  um carbonate 

was bel leved that most  o f  ded I n  the formatlon. Analysls 
o f  pressure data from the 
permeable f r a c t u  e x l s t s ,  but t I d  not  communlcate w 
conduct lv l ty  nat rmatlon. One explana 
t h i s  r e s u l t  was tha oss add l t l ve  plugged the f l o  

I n  the formatlon. There 1s  hnlque, however, tha t  can 
establ ish t h l s  with any degr 
tha t  would remove the mate 

I 

ther than an ac id  treatment , 

l t y  o f  the w e l l .  
se o f  reachlng a 

purpose o f  guldlng t 

treatment I n  Baca 20 
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8. Treatment Execution 

An ac id  treatment was performed i n  Baca 20 on August 11, 1982. The 
treatment consisted of  i n j e c t i n g  43 00 gal  of an 11.9 percent hydro- 
c h l o r i c  ac id  so lut ion i n t o  the formation I n t e r v a l  4,880 t o  5,120 fee t  
and then d isp lac ing i t  w i t h  37,300 gal  o f  f resh water. The treatment 
was designed t o  dissolve 47,800 l b  of f i n e l y  ground calcium carbonate 
f l u id - l oss  add i t i ve  which was in jec ted  i n t o  the same i n t e r v a l  dur ing the 
f rac tu re  treatment. The quant i ty  o f  ac id  used was 32 percent greater 
than the theoret ica l  requirement. Deta i ls  o f  the treatment and the 
associated r i g  operatlons are given i n  Appendix C. The t o t a l  d i r e c t  
f i e l d  cost f o r  the treatment was $60,400, compared t o  the o r i g i n a l  
estlmate o f  $63,100. A deta i led cost breakdown I s  given I n  Table 14. 

The hlgh s t a t t c  temperature I n  the treatment I n t e r v a l  (520°F) 
required that  several precautions be taken t o  prevent ac id  corrosion 
damage t o  the w e l l  tubulars. 
well- type serv ic ing r i g  was moved I n  and we l l  con t ro l  equipment was 
i n s t a l l e d  on the wel l .  A b a i l e r  was used t o  check f o r  f i l l  I n  the 
produclng I n t e r v a l  and then 2-7/8H tubing was run t o  a depth o f  4,836 
feet  f o r  use as a temporary ac id  I n j e c t i o n  s t r i ng .  The ac id  was mixed 

on-si te I n  tanks with a corrosion I n h i b i t o r  chemical added t o  provide 
protect ion f o r  the w e l l  tubulars up t o  25OOF fo r  a minimum of  four 
hours. 
the corrosion i n h i b i t o r ,  200 bb l  o f  f resh water were pumped down the 
tubing-casing annulus immediately p r i o r  t o  I n j e c t i n g  the acld. Follow- 

i n g  the i n j e c t i o n  of  cool ing water, ac id  I n j e c t i o n  commenced a t  an 
average r a t e  o f  10.8 BPM down the tubing whi le f resh water was in jec ted  
simultaneously down the annulus a t  an average r a t e  o f  5.1 BPM. A volum 

o f  29,680 gal  o f  ac id  so lut ion w i t h  an average concentration o f  
17.0 percent was pumped down the tubing. The annular water I n j e c t i o n  
served t o  cool  the tubulars and t o  d i l u t e  the ac id  so lu t i on  above the 
treatment i n t e r v a l  t o  y i e l d  43,900 gal  o f  ac id  a t  an average concentra- 
t i o n  of 11.9 percent. Upon completion of  the ac id  i n jec t i on ,  the ac id  

I n  preparation f o r  the treatment an o i l  

In order t o  cool the wellbore t o  w i t h i n  the e f f e c t i v e  range of  
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Table 14 
c Actual Direct Costs to GRUSP 

For Acid Treatment 
Baca .20 

0 Stimulation Materials and Services . 

Acid and additives $19,995 
Pumping service 3,474 

906 Nobll izat ion and transpor tatlon 
Water hauling 4,852 Tanks, rental and transportation 4 , 241 

34,901 
G Nisc. materials and service 1,433 

R i g  and related equipment 
!lobi 11 za t i on 
Daywork and fuel 8,932 

6,231 
5, 15,163 

Equipment Ren ta 1 s 
Tubing 
Other , 

1,139 
1,103 

. 2,242 

Expendable materials 1,016 
6 

Transportation of rental~equtpment 991 
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was dlsplaced wlth fresh water and then the tublng was lowered t o  a 
depth near the bottom and an addl t lonal  632 bbl  o f  water was pumped 
( h a l f  down the tublng and h a l f  down the annulus) t o  dlsplace any ac ld 
from the bottom o f  the hole and t o  overdlsplace the ac ld  I n t o  the forma- 
t ion.  The tubing was then pu l l ed  and the we l l  was prepared for produc- 
t l o n  test ing.  

C. Post-treatment Test ing 

Af ter  the ac ld  treatment, Union elected t o  run a ca l l be r  survey I n  
Baca 20 t o  check the condl t lon o f  the caslng before t e s t i n g  the wel l .  
The caslng was found t o  be I n  sat ls factory  condlt lon. A scale bulldup, 
varylng I n  thickness from 3/8M t o  3/4", was found between the depths o f  
890 fee t  and 250 feet, but was not s u f f l c l e n t  t o  I n t e r f e r e  w l t h  the 
proposed production tes t l ng  operatlons. 

A 5-day, post-acid treatment productlon t e s t  was performed dur lng 

August 1982. The average mass f low rate,  assumlng an 80 percent f lash, 
was calculated t o  be about 50,000 lb/hr w l t h  a wellhead pres,sure o f  22 

pslg. Compared t o  the 3-day, pre-acid treatment production test ,  whlch 
gave an average r a t e  o f  60,000 lb /hr  w l t h  a wellhead pressure o f  27 

pslg, the data show no change I n  the p roduc t i v i t y  o f  Baca 20. The w e l l  
continues t o  experlence a la rge pressure drawdown whlch causes the 
reservolr  f l u l d  t o  f l ash  I n  the formation. 
severely reduces the f low capaclty because o f  r e l a t l v e  permeabl l l ty  
e f fec ts  associated w l t h  two-phase flow. Translent pressure data 
obtained dur lng both these tests  were not quan t l t a t l ve l y  In terpretable 
w l th  regard t o  slngle-phase permeabll lty-thlckness calculat ions,  but the 

data d l d  conf l rm tha t  no improvement i n  the w e l l ' s  f low capacity was 
achieved. 

I n s l t u  f l ash lng  o f  the f l u l d  
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A temperature proflle (Figure 27) measured In Baca 20 followlng the 
acld treatment showed that the Injected fluld distributed itself prlmar- 
lly between 4,950 and 5,100 feet. This generally agrees with the prevl- 
ous vellbore data whlch Indicates the prlmary Inflow zone I s  below 5,000 
feet In the open Interval. 

0. Revlew of Chemical Data 

After the tnjectlon of acld (711 bbl) and pre- and post-acid pads of 
fresh water (2,978 bbl), the well was produced as descrlbed above. 
Thlrty-slx samples of liquid were recovered between the 10,000 and 
500,000 pounds of liquid produc- tlon. These were analyzed for Ca, B, 
Fe, Hg, Mn, Na, and K. The changes In concentrations of those elements 
are Interpreted In this scctlon. The acld was essentially spent and/or 
dlluted. The predomlnance of the returned fluld samples had a pH range 
of 3.5 - 4.5. 

This discussion i s  intended to antify several Items: 

- 
- 
- 
- 

Fraction of lnjectlon water whlch was returned. 
Fractlon of CaC03 fluld-loss addltive whlch was d 
Efflclency of acld use on the CaC03. 
Amount of caslng lost to the acld. 

s sol ved . 

- 

Addl tlonally, the pattern of concentsatlon changes for slngle 

Rellabillty o f  the calculated results. 

elements and the comparlsons among patterns suggest something about how 
flulds mix l n  the reservoir. 

1. Basls for the Calculations 

For all analyzed aterlals except boron, the concentra 
fluld returns are see to rlse to a maxlmum and thereafter dimlnlsh. 
This outcome I s  expected because the flrst flulds returned represent 
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nonacidlc displacement f lulds. Higher concentrattons thereafter are 
a consequence of the acid reactlons. Data for concentrations and 
cumulative production are shown In Appendlx D (constituent analyses 
were provided by Union). 

Concentrations, observed after the maxlmum level I s  reached, 
empirically show a llnear relationship between the logarlthm of the 
Concentration and the cumulative mass of production. Flgure 28, for 
calcium, is an example. Specifically, d(ln C)/dM l s  a constant. 
This mathematical form has analogy with radioactive decay in that 
the discharge coefficient (slope of the In C vs M plot) characterizes 
the discharge of the analyte from the reservoir in the same way that 
a decay constant of a radloelement characterlzes Its actlvtty. . 

Analogous to the half-life of a radloelement, which is the tlme 
required for half the lnl tial .amount decay, the half-volume for a 
fluid component is the amount of prod tlon (in mass units) required 
for its concentratlon to dImlnlsh to one-half of some earller value. 
The half-volumes are glven by In O.S/slope, analogous to half-llves 
which are given by In O.S/decay constant. These are llsted with 
other data In Table 15. The discharge coefflclent (the slope of the 
fltted llne) I s  obtalned by maklng a llnear least squares 
post-maxima data of Table 0-5. Least squarestcorrelation coeffl- 
cients have hlgh'values; most are in the range of 0.96 to 0.99. 

Boron data are exceptional in having no maximum, but rather a 
continuously lncreaslng concentration. The reasons for thls fact 
and special treatment of boron-data wl11 be descrlbed later. 

Table 15 shows the results of making linear least squares fits 
to the several sets o f  data. In addltlon, the total amounts of 
components returned by the produced fluld are listed. The row 
labeled *Returns on Inc. Concn." refers to the initial part of the 
production uherein the concentration was incteaslng. The entered 



c ( ma x 1 ( PPm 1 

M@Cmax 

-Slope xi05 

Cor re la t ion  Coeff. 

Half-volume (pounds) 

Returns on Inc.  Conc,(l) 

Returns on Dec. Conc.(2) 

Apparent Returns (pounds) 
00 
CReturn @ 100% e f f l c l e n c y  

Pounds o f  HC1 equlvalent 

TABLE 15 
Selected Values and Calculated Results 

Based on Ana ly t l ca l  Data 

Mg Fe Mn Ca-22** 56-B* K-l60** 

50 225 160 51 00 32 93 

81000 17000 15200 63000 -0- 1 10000 

.6010 .5897 .5017 .2949 .2035 .1174 

.989 .979 .9934 

115300 117500 138000 

2.02 1.91 1.22 

5.11 34.5 29.5 

7.13 36.4 30.7 

32.8 167 141 

98.2 21 8 188 

.971 

235000 

’ 160 

1436 

1596 

7344 

13360 

959 

340600 

-0- 

24.2 

24.2 

NA 

NA 

,965 

590000 

5.12 

69.2 

74.3 

342 

31 9 

Na-800** 

4280 

960000 

.0896 

.921 

774000 

205 

4383 

4588 

21110 

33460 

* Boron value represents a d e f l c l t  o f  productton. See t e x t  

**Adjustments t o  Cab Nab and K represent t h e l r  concentrat lons I n  normal geothermal res ldual  f lashed l l q u l d ,  

( 1  ) Computed as 0.5 (Cmax x10-6)(M@Cmax)=pounds o f  analyte 
( 2 )  Computed as (Cmax xlO-b/-k)exp( -kM@Cmax)=pounds o f  analy te 
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values were calculated using 1/2 (Cmax)(M@Cmax) where M@Cmax i s  the 
pounds of production corresponding to the maximum interpolated 
concentration. 

The row labeled "Returns on Decr. Con." refers to the latter 
.part of production where concentrations are fitted to the In C vs 
M data. The table values are the integrals of CdM between M@Cmax 
and OD, specifically (Co/-k)exp(-km). Thus, they represent all 
the return expected for the lifetime of the well. 

2. Returned fraction of Injected Fluids 

The boron data provide a means to estimate the amount of non- 
geothermal water that was returned. As mentioned earlier, boron 
concentrations increased with continued production, approaching the 
normal concentration of S6 ppm for the flashed llquld produced by 
this well. Accordingly, the In C vs M plot for boron and data In 
Table 15 are made In terms of "56-Bw where 8 represents the boron 
concentrations found in individual samples. Thus, the integral of 
(56-B)dM represents an amount of boron not produced by the reservoir 
but which would have been produced i f  all the production had been 
normal geothermal water. 

The amount of  geothermal fluid that corresponds to the boron 
deficit i s  equal to the amount of nongeothermal fluid contained in 
the produced flulds. Since the injected water (acld and pads) had 
nearly zero boron content, no other allowance i s  necessary in 
treating the concentratlon data. The mass of nongeothermal water 
produced by the well I s  given by the deficit of boron production 
(15.7 lb from Table 15) dlvlded by 56 ppm; or 280,400 lb. The 
Injected amount (3,690 bbl) i s  approximately 1.29 x 10 lb, hence 
the return efficiency i s  21.7 percent. This i s  In the range of 
return efficiencies, 19 to 26 percent, Indicated by tracers utllized 
in the hydraullc fracture treatment descrlbed earlier. 
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To the degree that 56 ppm represents the true boron concentra- 
G tlon In resldual (flashed) llquld, It would appear that 68.8 percent 

of flulds Injected Into Baca 20 are permanently retalned. 

3. Fractlon of CaC03 Fluld-Loss Addltlve Removed 
G 

The returns of Ca are 1,596 lb (Table 15) after allowance for 
the 22 ppm expected In normal flashed llquld. Slnce the return 
fractlon, based on boron, 1s-only 0.217, the actual amount of Ca 
dlspersed In all the llqulds of thls acld job I s  apparently 
7,344 lb. Thls corresponds to 18,300 lb of CaC03. The amount of 
CaC03 fluld-loss addltlve placed In the well was 47,800 lb, thus, 

G 

G 

e 

c;, 

the acld appears to have dlssolved 30.3 percent. 

Thls outcome suggests that once the acld found a pathway 
through the fluld-loss addltlve, subsequent Increments of acld could 
pass through the CaC03 zone and react with the country rock. The 
hlgh returns of Na corroborate thls lnterpretatlon. Table 15 shows 
that, In units of chemlcal equlvalents, more than 5 tlmes as much Na 
as Ca was dellvered back in produced flulds. 

The hlgh Na returns atso suggest that some Ca mlght have been 
moblllzed from the same slllcate rocks that yielded the Na, thereby 
Inflating the apparent amount of CaC03 dissolved. However, the 
cortelatlon coefflclent for the Ca data 1 s  much closer to the Ideal 
value of unlty than l s  the coefflclent for Na. Thls suggests that Q 
the source of Ca was less dlspersed than the source for Na. Thus, 
the error In the CaC03 es mate due to Ca moblllted from slllcate 
rocks I s  judged negllglble. 

c;, 
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4. Efficiency of Acid Attack on CaC03 

The 18,300 pounds of CaC03 apparently dissolved by the acid 
was the result of injecting 45,570 pounds of HC1. At 100 percent 
efflclency, that amount of HC1 could dissolve 62,500 pounds of 
CaC03. The efflclency of acid utilization on the target CaC03 
I s  29 percent. The pH's of return fluids show that all the acld was 
consumed. It I s  useful to estimate how much casing and country rock 
were dissolved by the acid whlch did not attack the CaC03. By 
considering the acld reaction with rock, It I s  possible to account 
for all of the Injected acld by the amounts of Na, Cas et a1 
returned . 
5. Caslns Dlssolutlon 

The direct Fe returns (Table 15) are apparently 36.4 pounds 
which Indicates that 167 lb of Iron were mobilized by the acld. 
This is a reasonably small and acceptable amount, Indicatlng 
successful functlonlng o f  the tnhlbltor used to reduce the acld 
attack on the casing. 

However, the Mn returns suggest a less favorable outcome. 
Manganese Is scarce In rocks and In casing steels compared to iron. 
For example, API casing steels carry about one percent Mn; In Igneous 
rocks the Fe:Mn ratio Is about 60:l. Thus, the nearly equal amounts 
of Fe and Hn indicated In Table 15 require interpretatlon if the 
analytical results are accepted at face value. 

If the 30.7 lb of Mn represent only one percent of the acld- 
dlssolved caslng, then 3,000 lb of Fe must have been moblllzed and 
all but 36 lb of that must have deposited in the rocks. 
ison, the 5-1/2 inch perforated llner contains a total of about 
6,200 lb of Fe. These postulated iron deposits could be hydrolysis 
products formed when residual acidlty of the transporting solution 

For compar- 
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13 

was consumed by reactlons wlth CaC03 and/or country rock. I n  some 
zones, FeC03 would be a p laus ib le  s o l l d  form. The I r o n  and I t s  
s o l l d  counterparts are car r led  only by the movlng l l qu ld ,  thus the 

deposltlon, i f  true, must be 1 
p a r t l a l l y  expla ln ’  the f a i l u r e  o f  the s t lmulat lon t o  y i e l d  improved 
productlon rates.  

he f l o w  channels. Thls mlght 

The Mn could have come f rom the country rock. -Mn returns would 

represent. the d lsso lu t ton  of about 25,000 pounds o f  country rock, 
presuming a Mn content o f  

assumed t o  have deposlted e formation. By comparlson, the Na 
returns could ind ica te  leachlng o f  up t o  570,000 pounds o f  country 
rock. Thus, an ambiguity remains about whether ac ld  at tack on the 
caslng I s  represented by the 
physical  data suggest the cas 

6. 

ercent. The mobil ized Fe must be 

urns of Fe or o f  Hn, but the 
d lsso lu t ion  I s  small. 

R e l l a b l l l t y  ?of .the Results Calculated CGbove 

There are several reasons t o  suspect tha t  lnd iv ldua l  calculated 
I 

values I n  Table 15 mlght c o n t a h  substant la l  errors.  There are 

ser~lous questlons about the accuracy o f  the f l u l d  productlon data 
and these a f f e c t  the dlscharge coef f i c ien ts .  Also, there are 
aspects o f  the chemlcal data whlch make some sets o f  those data 
appear suspect. 

On the other hand, most  o f  the data appear w e l l  behaved i n  the 

sense that q u a l l t a t l v e  features o f  p 
r e l a t l v e  values fo r  slopes and M@Cmax are 
regards expected chemlcal behaviors o f  components. 
about those factors  1 s  presented i n  th ls  section. 

Some elaborat lon 

are based on pressur fe r -  

en t l a l s  across 
I n  order t o  succeed w l th  tha t  approach, an estlmate o f  the vapor 

l f l c e  p l a t e  I n  the two-phase productlon l lne .  
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fraction is required. Such an estimate can be obtained by sampling 
the flow line with a *mini-separator* in a way done commonly by 
Union's personnel. In the case at hand, no mini-separator was used, 
instead, the estimates of vapor fraction were based on measurements 
made on Baca 20 during an earlier production test. The true corres- 
pondence between these tests is unknown. It is known from previous 
experience that the flash fraction Increases during the flow test 
until a steady-state condition i s  reached. Therefore, the use of a 
constant 80 percent flash is probably high. 

Some of the chemical data can be interpreted as showing two 
nearly-linear segments in the plot of In C vs M plot rather than one 
(Fe, Hg, Na, and B). Figure 29 for Iron Is an example. The later 
segment has a shallower slope in all cases. This would be expected 
if flash percent were to Increase as production contlnued. 
entries in Table 15 all refer to the best-fit lines for the entire 
set of data, however. This causes the integrations to yield larger 

The 

values because those slopes are of greater magnitude. 

The iron and magnesium analyses appear to be confounded. For 
the early data, half-volume values for Fe and Mg are 87,500 and 
86,600 pounds, respectively, and for the whole ,data sets, 117,500 vs 
115,300 pounds. Even their correlation coefficients with production 
volume are nearly identical; .9908 vs .9938 for Fe and Mg in the 
early data and .979 vs .989 for whole data sets. When Fe values are 
regressed against Mg values the correlation coeff icient exceeds 
.999. The root-mean-square mismatch between reported Mg values and 
the correlation with Fe Is only 1.1 ppm which is smaller than 
expected errors in manipulation. 

The calculated returns of Hg were less than one-fourth those of 
Hn, but Mg/Hn ratios in igneous rocks are near 30:l. Thus, the Mg 
appears scarce in the returns compared to Fe, Mn, and Na. 
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However, the value for M@Cmax for Mg i s  substantially larger 
than the counterpart for Fe, indicating that the Mg was mobllized 
more remotely from the wellbore. Probably the error, if any, i s  
wlth the Mg. One i s  led to retain the Fe and Mn data and reject the 
Mg data. 

On the plus side, the fact that all the data show clear linear 
plots that yield plausible interpretations I s  highly significant. 
Addltionally, the relative magnitudes of half-volumes for the 
several elements can be established g priori on the basis of chemi- 
cal behavior and proximity of the source materials to the wellbore. 
For example, from smallest to largest, the half-volumes listed in 
Table 15 show the sequence Fe-Ca-Na which corresponds to the se- 
quence casing/fluid-loss add1 tive/country rock. It can be expected 
that materlals mobillzed further and more dlspersedly from the 
wellbore will return wlth smaller rates of change. Similarly, the 
cumulative production at maximal concentrations are in the sequence 
Mn-FecCacNacK. 

The most significant chemical check i s  to determine whether the 
amounts o f  materials apparently mobilized by the acid are chemically 
equivalent to the amount of acid Injected. The last row in Table 15 
shows the HCl equivalents o f  the analytes which total 47,640 pounds 
compared to the 45,570 pounds of HC1 injected. The mismatch I s  only 
4.5 percent, a small value compared to the levels of most uncertaln- 
tles Involved and an encouraging sign for the relevance and accuracy 
of the Interpretatlons above. Therefore, the numerical Implications 
about acid consumption, CaC03 removal, and caslng attack, can be 
accepted even In the face of other uncertatntles mentloned above. 
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VIII. CONCLUSIONS 

1. A large hydraulic fracture treatment was performed at Baca 20 in a 
520°F Interval. Production tests indlcated that a high conductivity 
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fracture was propped near the wellbore and communication with the 
reservoir system was established. It is believed that this is the 
highest temperature 

2. The productivity of 
commercial level fo 

well In the world to be prop-fractured to date. 

the treated zone in Baca 20 declined to a non- 
lowing the fracture treatment. The probable 

3. 

cause Is relative permeability reduction associated with two-phase 
flow effects in the formation.. This, In turn, probably results from 
restricted Inflow because of the low permeability formation sur- 
roundtng the fracture. 

Both the Geertsma and Nolte fracture geometry models provide results 
which appear to agree with the measured data. However, the natural- 
ly fractured formation may be a far more complex system than can be 
accurately.described by the simple assumptions inherent In these 
models . 

4. Results of the two fracturlng experiments combjned with Union’s 
other drilling and testing experience point to at least one charac- 
teristic o f  the Baca reservoir which makes it less vlable as a 
candidate for hydraulic fracture stirnulation than it was’originally 
thought to be. The high temperature combined with a relatively low 
reservotr pressure and a relatively low reservoir kh Increases the 
likelihood of two-phase flow In the formation. A proppant-filled 
fracture which Is highly conductive under normal single-phase flow 
conditions becomes more restrictive in two-phase-flow because of 
relative permeability effects and turbulence. 

5. Although the stimulation trgatment did not result in a commercial 
well, the hydraulic fracturing technique shows promise for future 
stirnulation operations (such as multiple zone treatments) and for 
being a valid alternative to redrilling and/or new well drilling In 
high temperature geothermal reservoirs. 
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9/11-15/61 

9/16/81 . 

9/17/81 

9/18/81 

9/19/81 

9/20/81 

9/21 /81 

9/22/81 

9/23/81 

9/24/81 

9/25/81 

9/26/81 

APPENDIX A 

HISTORY OF BACA 20 FRACTURE STIMULATION 
(All depths refer to KB, 24' AGL) 

Roved In Brlnkerhoff-Signal Rig No. 78. 

Made trlp wlth 7* caslng scraper. Pulled and recovered 7" 
llner. RIH to top of flsh at 5,827', no flll. Rlgged up 
loggers. 

Ran logs. 

Flnlshed running logs. Sanded back from 5,827' to 5,500'. 

Sanded back from 5,500' to 5,400'. Plugged back wlth 
cement from 5,400' to 5,079'. 

Sanded back from 5,079' to 4,873'. Spotted (3) 300 llnear 
foot cement plugs. Tagged top of cement at 4,618'. 

Plugged back hole from 4,618' to 3,825' wlth cement. 
Clrculated hole wlth 25% returns. Spotted cement plug No. 
6 (300 llnear feet) at 3,825'. 

Tagged cement plug No. 6 at 3,271'. Drllled out cement, 
loslng 30 BPH. At 3,934' began loslng 150 BPH. Drllled 
to 3,950' and spotted cement plug No. 7 (300 llnear feet). 

Tagged cement at 3,767'. Clrculated wlth 40 BPH fluld 
loss. Drllled out cement 3,767' to 3,997' with 180 BPH 
loss. Contlnued drllltng out cement to 4,106' and then' 
spotted cement plug No. 8. Tagged cement at 3,850'. 
Clrculated wlth 120 BPH fluid loss .  Spotted plug No. 9 at 
3,825'. 

Drllled out cement to 4,650'. Lost all clrculatlon at 
4,650' and ratholed ahead to 4,653'. 

Spotted cement plug No. 10 (300 llner feet). Tagged 
cement at 4,460'. Filled hole and circulated wlth 200 BPH 
fluld loss. Spotted plug at No. 11 at 4,415'. Clrculated 
wlth 200 BPH loss. Spotted plug No. 12 at 3,900'. 

Bullt up and contoured locatlon wlth gravel to provlde for 
good tank drainage. 

Spotted cement plug No. 13 at 3,850'. Gelled up 
clrculatlng water. Began drllllng out cement. 

A - 1  



Spotted ten 500 bb l ' ho r i zon ta l  f rac  tanks on l oca t l on  w i th  
the use o f  a hydro-crane, U 

9/27/81 D r l l l e d  out cement. 

Began f i l l l n g  f rac  tanks w l t h  water. 

4,897'. F l u i d  loss Increased t o  300 BPH. Switched t o  
aerated water and cleaned out t o  5,120'. Sanded back t o  
4,908'. Spotted a 100 l l nea r  foo t  cement p lug  a t  4,872'. 

Contlnued f l l l l n g  f rac  tanks w l th  water. 

9/29/81 Tagged top o f  cement a t  4,775'. C l rcu lated hole tak lng 
294 BPH. Spotted cement p lug  No. 15. Tagged cement a t  
4,500'. D r l l l e d  out cement t o  4,692'. 

Completed f i l l l n g  10 f rac  tanks w l t h  water. 
gauge r l n g  and temperature t o o l  t o  3,875' I n  Baca H e l l  No. 
22. 

D r l l l e d  out cement from 4,692' t o  4,890' w i t h  20 BPH f l u I d  
loss.  Ran 7", 26 K-55 LThC blank l l n e r  t o  4,880'. Top 
o f  l l n e r  a t  2,383' 

Cemented l l n e r  w l t h  1,065 cubic fee t  sphere l l te  cement 
(180% excess). Cement j o b  conslsted o f  fo l lowing:  HOWCO 
pumped 112 cublc feet  pref lush, 56 cublc fee t  water, 133 

I cublc fee t  Flowcheck, 112 cubic feet  water, 835 cublc fee t  
c lass "Hn cement wlth 50 lb/sack spherel l te,  40% SSA-1, 4% 
gel, 5% llme, 1% CFR-2, 0.4% HR-7, Ta l led  I n  w i t h  230 

.cub ic  fee t  class "H" cement w i th  40% SSA-1, 0.5% CFR-2, 
0.3% HR-7. Dlsplaced with 709 cublc fee t  water. C.I.P. 

Star ted p lck lng  up tub lng a t  1200 hours and f ln lshed a t  
2000 hours. Stood tub lng I n  derr lck .  Tested 7" l l n e r  
lap. Lap took 4 BPM a t  4, 

B u i l t  up and contoured l a s  
o f  remaining 9 f r a c  tanks. 
s t r l n g  and stood same I n  derr lck .  

U 9/28/81 Flnlshed d r l l l l n g  out cement and cleaned.out sand t o  

w 

i )  

9/30/81 

10/1 /81 w 

w 

- a t  0230 hours. No cement on top of 7"  l l n e r .  POH. 

V 
f loca t lon  f 
up 4-1/2" EUE tubing 

10/2/81 n 8-20. Squeeze -c 

10/2/81 emalnlng 9 f rac  tanks 

w 

l t h  water. I n s t a l l e d  

Y 
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10/3/81 

10/4/81 

1 0/5/81 

10/6/81 

1 0/7/81 

R I H  w l t h  8-3/4# b i t .  Tagged top o f  cement a t  2,230'. 
D r l l l e d  out cement t o  top o f  7 "  l l n e r  hanger (2,383'). 
R I H  wl th 6-1/8" b l t .  Found no cement i n  l l n e r  top. 

Contlnued f l l l l n g  f r a c  tanks w l t h  water. Off-loaded 
bauxl te  from transports I n t o  Sandmaster and dump trucks. 
R G I  took over r l g  cost  as o f  1700 hours 10/3/81. Hot 
o l l e r s  began heat lng water t o  be used for g e l l l n g  f rac  
f l u l d .  

Cleaned out cement and sand t o  5,120'. 

e 

G 

cr 

LANL and Sandla attempted borehole televlewer l o g  twice 

heat lng water I n  f rac  tanks from 60°F t o  700°F. Began 
g e l l l n g  f l u l d .  

wl thout  success. Ran Kuster temperature survey. Flnlshed clr 

Flnlshed g e l l l n g  f rac  f l u l d .  LANL ran pre-frac 
temperature log.  Tagged w e l l  bottom a t  5,060' wlth 
temperature tools.  Hade up O t i s  7 "  packer, C ~ O S S O V ~ ~ S ,  
and 8 foo t  pup j o l n t  car ry lng  pressure Instrument on 
4-1/2" EUE tublng. Star ted I n  ho le a t  0500 hours. H l t  
9-5/8" x 7"  l l n e r  hanger 18 fee t  hlgh. Worked plpe fo r  30 
mlnutes but unable t o  go any deeper. POOH. Olscovered 
alumlnum wt re l l ne  gulde on bottom o f  packer s l l c k  j o l n t  
vas badly beaten. Hule-shoed gulde, rese t  clocks I n  
Kuster Instruments, and proceeded I n  hole. Set packer a t  
1200 hours. Packer set  wlth top a t  2,412', bottom a t  
2,417', and bottom o f  s l l c k  j o l n t  a t  2,434'. 
Pressure-tested annulus t o  l ,OOO p s l .  Held pressure fo r  6 
minutes. Rlgged up f rac  head and made f l n a l  
preparations. Began f rac  s t imu la t ion  a t  1620 hours and 
completed same a t  1823 hours. Tublng remalned pressured 
a t  1930 hours but  was on vacuum a t  2000 hours. Unset 
packer and POOH. Rlgged up LANL t o  run temperature log.  
blestern r lgged down and moved out f rac  equlpment. 

LANL ran two temperature logs four hours apart .  Mlnlmum 
po ln t  recordings were 280°F and 297OF. Walted on we l l  t o  
heat up. Ran 3 po ln t  Kuster temperature survey. Mlnlmum 
recordlng was 308°F. Walted on we l l  t o  heat up. 

Contlnued wa l t lng  on w e l l  t o  heat up - a t o t a l  o f  24 
hours. Started I n  ho le  w l t h  6-1/8n b t t  a t  0300 hours. 
Began pumplng 6.0 BPM o f  Baca No. 13 produced water and 
600 CFH a l r  a t  0530 hours. F l r s t  re turns seen a t  0730 
hours. 
hours. Used f resh water I n  place o f  produced water a t  
0900 hours. Decreased water r a t e  t o  6.6 BPM and increased 
a l r  r a t e  t o  850 CFM a t  1200 hours. Stopped c i r c u l a t i o n  a t  

I 

Increased water pump r a t e  t o  7.2 BPM a t  0745 
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10/8/81 

v 

10/9/81 Y 

10/10/81 
3 

W 

10/11/81 

u 

1420 hours and POH. No slgnlflcant amount of soltds over 
shaker at any tlme durlng cleanout. Schlumberger rigged 
up and ran logs. 

Schlumberger contlnued runnlng logs untll 1100 hours. 
. Hade clean out run wlth 6-1/8" blt to 5,131'. Ran 5-1/218 

F.3. perforated llner. Hung llner at 4,760' wlth shoe at 
5,131'. RIH wlth 6-1/8" blt to 3,746'. Started pumping 6 
BPH produced water and 750 CFH alr. Broke clrculatlon . 

(Injected produced water at average 410 BPH durlng logglng 
and at average 290 BPH after logglng). Hole was full at 
one polnt durlng logglng operatlon. 

Contlnued clrculatlng well. Increased alr rate to 1,800 
CFH and 700 p s l .  Hell produclng 150-200 BPM. Stopped 
pumps at 1700 hours. Well contlnued to flow for 30 
mlnutes. Hade up Otls 7* packer on 3-1/2" and 4-1/2" 
comblnatlon DP strlng. Set Kuster Instruments clock and 
Installed Instruments In tublng stlnger below packer. RIH 
and set packer at 2,966' for DST. Rlgged up NOWSCO coll 
tubing unlt. Started pumping nltrogen at 0445 hours uhlle 
runnlng In hole wlth coll tubing to 2,800'. Flrst flow at 
0630 hours. Nltrogen truck broke down at 0730 hours. 

Shut-in well whlle waltlng on another nltrogen truck. 
Pulled tublng out of hole at 1130 hours. Set tubing head 
In rlg floor, unset packer at 1255 hours and POH. 
Redressed packer and reset Kuster clocks. RIH wlth packer 
and Instruments. Set packer at 2,966' and tested annulus 
to 500 psl. Rlgged up coll tublng head and RIH wlth 
tublng at 1954 hours. Started pumping nltrogen at 400 
SCFH wlth coll tubing at 1,090'. Contlnued in hole wlth 
tublng to 2,800'. at 2305 hours reduced nltrogen to 350 
SCFM to malntaln uniform fluld productlon rate. A t  0136 
hours Increased rate to 400 SCFM to off-set  fluid 
productlon rate decline. Shut off nltrogen and shut-ln 
well at 0234 hours to begln pressure bulldup phase o f  
DST. POH wlth coll tublng. Had nltrogen blow down for 
approxlmately 5 mlnutes uhlle trying to get Kelly clock to 
seal. 

Kept well shut-ln for pressure bulldup untll 1034 hours. 
Had 60 psl on drlllplpe strlng. 
drlllplpe and bled off nltrogen pressure. Released packer 
at 1111 hours and POH. Lald down 4-1/2 frac tublng 
strlng. RIH with slnker bars to 5,731l-no fill. Lald 
down extra 3-112" drlllplpe and 4-3/4* drlll collars. 
Halt on Schlumberger. 

, after 35 mlnutes. Well made between 100-150 BPH. 

Pumped water down 

Y 
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10/12/81 Rlgged up Schlumberger. RIH with temperature tool and 
caslng collar locator (CCL) tool to 1,900'. Temperature 
(360'F) too hot for logging tools. POH. Pumped In one 
hole volume o f  water. RIH wlth logging tools and logged 
temperature from 3,000' to 5,069'. (Log No. 1). Recorded 
mlnlmum temperature of 302°F at 4,720'. POH. Injected 
1,066 bbl of water. RIH wlth temperature and CCL tools 
and logged temperature from 3,000' to 5,140' (Log No. 2). 
POH. Halted for two hours allowing well to heat up. RIH 
wlth temperature from 3,500' to 5,147'. (Log No. 3). 
POH. Rlgged down Schlumberger. Lald down drlllplpe. 

1400 hours . 10/13/81 Lald down drlllplpe. Nlppled down BOPE. Released rlg at 
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This report is the property of Halliburton Services and neither it nor any 
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sa, ~- 
the submitted core. &We give below results of .our examination of 

Dr. David S. Pye fo r  Union Geothermal - Republic Geothermal 

Union O i l  - Republic Geothermal Pro ject  
D O C 0  m 

'&Submitted by 

Marked 

cir 

W 

~. _ _  
Core #Bo17 5150' Welded Bandel ier  Tu f f  
Core fB-22 6000' Pa l i za  Canyon Andesite 

1 

PURPOSE 

A f r a c t u r i n g  treatment using 12/20 bauxi te  as t h e  proppant and 
calcium carbonate as the  f l u i d  loss add i t i ve  was considered as a treatment. 
These cores were submi t ted- fo r  ac id  f l ow  studies through t h e  12/20 bauxi te  
packed f r a c t u r e  bed i n  an e f f o r t  t o  determine i f  ac id  subsequently flowed 
t o  remove t h e  calcium carbonate would reduce t h e  f r a c t u r e  conduct iv i ty .  
The calcium carbonate was not used since it would reduce t h e  o r i g i n a l  
f r a c t u r e  conduct iv i t ies .  The e n t i r e  t e s t  procedure was discussed w i t h  
Dr. Pye p r i o r  t o  the  actual  test .  

cedure and res g w i t h  a p a r t i a l  core analys is  i s  
included i n  the  Data Se n o f  t h i s  report. 

o core face or proppant damage i n  t h e  t e s t  as There appeared t o  

Y 

w prepared by and b the paperty of Walllburton Serrleer, a Olvlrlon of Halllburton Cempany; the data reported, Intended for 
information of the abave named party, b limited to the sampk(r) described: accordlngly, any user o f  this report agrees thot 
shall not be liable for any IOU or damage, regardless of cpuse, including any pet or omission of Waillburton, resulting from Ihe 
data reported herein; and Halilburton makes no rarrantzes, expyss or implied, whether of fitness Cr a particular purpose, 
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C 
DATA 

FRACTURE FLOW CAPACITY TESTS 

Procedure 

c Step 1 - The two submitted cores had 2.50" O.D. core plugs d r i l l e d  
and mounted i n  lead. A s t e e l  screen was placed around t h e  circumference 
o f  t h e  core t o  conta in  t h e  proppant. 
i n  t h e  middle o f  t h e  core and a per forated tub ing  placed i n  it t o  keep 
t h e  proppant out o f  t h e  en t ry  hole." 

Step 2 - 12/20 bauxi te a t  2# / f t2  o f  f r a c t u r e  was placed on t h e  
bottom core and leveled. The e n t i r e  system was f looded w i t h  kerosene t o  
remove any a i r  from t h e  system and from t h e  proppant bed. 
was then placed on t h e  proppants, ro ta ted  s l i g h t l y  t o  l e v e l  o f f  t h e  
proppant bed then c losure pressure appl ied. 

pressures o f  0.2, 0.4, 0.6 and 0.8 p s i / f t .  and reported. 

t h e  temperature ra ised  t o  325°F with t h e  system closed in. 

A 0.25" f l u i d  en t ry  ho le was d r i l l e d  

c 
The t o p  core 

c Step 3 - The f r a c t u r e  c o n d u c t i v i t i e s  were measured a t  c losure 

Step 4 - The device was l e f t  a t  t h e  0.8 p s i / f t .  c losure pressure and 

Ste 5 - The e n t i r e  system was pressured t o  1000 ps i  and a c i d  f lowed 8 rad ia  + y through t h e  proppant bed a t  325°F f o r  60 minutes a t  20 ml/rcinute 
with t h e  0.8 p s i / f t .  c losure pressure s t i l l  applied. 

Step 6 - The a c i d  was removed and replaced w i t h  kerosene, then t h e  
device was closed i n  and allowed t o  cool overnight t o  room temperature. 

Ste 7 - The f r a c t u r e  conduct iv i t y  was remeasured a t  0.8 p s i / f t .  

Ste C8 - The cores were removed and t h e  core face observed. No 

using 7;e t e same system as i n  t h e  o r i g i n a l  f l o w  t e s t s  (step C3). 

e f f e c t  -f- o proppant embedment on t h e  core face was noted. 
G RESULTS 

c 

Test 

Before Acid 

Core No. 

81 7-5150' 

A f t e r  Ac i d 

C1 osure Force 
G radi ent Tota l  FF Capacity 
( p s i / f t r  p s i  ( l b s )  , ( md f t . )  

0.2 1,030 5,005 8 , 066 
0.4 2,060 10,011 7,057 
0.6 3,090 15,017 6,738 
0.8 4,120 20,023 6,415 
0.8 4,120 20,023 7,057 

Before Acid B22-6000 ' 0.2 1,200 5,832 6,977 
0.4 2,400 11,664 6,977 
0.6 3,600 17,496 6,742 
0.8 4,800 23,328 6,506 

A f t e r  Acid 0.8 4,800 23,328 7,331 

This report was prepared by and b the pmpem of Halllburton Services, a Division of Halllburton Company; tho data reported, intended for NOTICE: the rhate information of the abovo named party, is limited to the romple(s) described: accordingly, any user of this report aprees that 
Hallhurton shall not be liable for any IOU or domage. regardless of cpura. includinp any act or omission of Halllburton, resulting from the 
asa of ?hq @a req!rted.*her!yi- h ! ! ~ ~ u ~ ~ o ~ '  ~ a k y 4 y - ~ ~ ~ ~ t : e r ,  oXPmsl or imPl:ed, whether of fitness for a particular purpose, 
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H A L L I B U R T O N  C H E M I C A L  LABORATORY REPORT NO.  

X-RAY DIFFRACTION ANALYSIS 

Quartz 
Feldspar 
Kaol i ni te 
Illite 
Chlorite , 

Solubility* 

*Solubility in dilute HC1 
_. 

5150' 
1 

Large 
Major 
Small 
Trace 

1.8 
- 

6000 ' 
2 

Moderat e 
Major 

SmaTl 

- - 
2.9 

as CaC03. 
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. SCANNING ELECTRON MICROSCOPE ANALYSIS 

Y 

Core B l ,  Depth 5150', Magnification lOOX,  lOOOX, Neg. No. 21975-1426 

This sample has a framework of fe ldspar  grains ranging i n  s i z e  from 
debris t o  very coarse sand (1.4 m). Fine t o  coarse s i l t  s i z e  (.008 - 
-031 m) quartz grains  a r e  a l s o  present, some of these secondary quartz.  
Kaol ini te ,  along w i t h  the quartz pfeces and fe ldspar  debr i s ,  covers the 
surface. Porosi ty  ap ea r s  t o  be fa i r .  Some l a rge  quartz  grains  were 
also observed (.40 my. The photo shows a potent ia l  pore space inf i l l ed  
w i t h  kaol ini te .  The very fine stuff is  debris, kao l in i t e ,  quartz, and feldspar .  

w 
1 

3 
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P A 6 E  NO. 5 HALLIBUATON CHEMICAL LABORATORY REPORT NO. 530-8062-81 

CTRON MICROSCOPE ANALYSIS 

Core #2, Depth 6000', Magnificatipn l O O X ,  lOOOX, Neg. No. 2197501425 

determfned. No porosi ty  Was observed. The fe ldspar  sur face  shows signs 
of p a r t i a l  weathertng. A very small amount o f  c h l o r i t e  i s  present i n  
places as coating. Some quartz  was a l s o  observed. The photo shows a 
potent ia l  in te rgranular  area. 

This sample has a framework of feldspar.  Grain s i z e  could not be 

c 
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DATA BOOK REFERENCE 

The data presented in this report are recorded i n  Chemical Services 
Book No. 4251, pages 59, 72 and 73; Analytical Book No. 4355, page 61; 
Analytical Book No. 4393, page 24; and Analytical Book No. 4389, page 25. 

cc: Mr. G.  M. Pruett 
Mr. T. Garvin 
Mr. 3 .  McLean 
Mr. R. M. Lasater 
Mr. E. J .  Stahl, Jr. 
Mr. G. C. Broaddus 

Laboratory Analyst 
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Respectf u I I y submitted, 

HALLIBURTON SERVICES 

BY Stewart-K i st 1 er-B 1 ant  on-Ket chum 

rdf S. E. Fredrickson ,/!b 
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HISTORYcOF BACA 20 A C I D  TREATMENT 
o r l g l n a l  K.B., 24' AGL) 

8/1/8 Unlon ran s t  sure and temperature surveys f r o m  

8/3/82 contractor (Act ion W e l l  S 
t 

l oca t lon  t o  revlew program and establ lsh schedule f o r  r i g  
move-In; dlscussed equipment requlrements, log!st lcs, etc. 

Unlon began pre-st lmulat lon f l o w  t e s t  o f  Baca 20. Opened 
w e l l  a t  21030 hours. 
f low) wlth 74 ps lg  WHF! a t  1145 hours; decl lned t o  82,140 
lb/hr u l t h  51 ps lg  WHP a t  1415 hours: Two-phase f l o w  

Flowlng 107,150 lb/hr ( t o t a l  mass 

gh 6' o r l f l c e  uslng assume 
. c 

8/4/82 Met u l th  Smlth Energy Servlc s t o  revlew ac ld lz lng  
program, dlscussed f rac tank and r l g  placement,'set 
t en ta t l ve  schedule of operatlons, etc. We l l  f lowtng 
60;800 lb/hr,  33 ps lg  WHP a t  0900 hours. 

Odeco moved I n  and set frac t a  s on loca t lon  (400 bb l  
tanks). We l l  flowed a t  averag 54,000 lb/hr,  ,28 ps lg  
WHP. Shut l n  a t  1707 hours, endlng f low t e s t .  Unlon R I H  

5,000' f o r  bul ldup surv 

r v l c e  Rlg No. 6 on loca 
spotte'd mud pump and p l t  and plpe rack. Began 
frac tanks wlth f resh water. I n s t a l l e d  deadme 
Nos. 20 and 11. 

Unlon POH w l th  pressure but ldup' tools, ran 
temperature gradlent survey f r o m  2,000' t o  5,000'. and 
reran pressure too ls  t o  5,000' f o r  cont lnuat lon o f  bui ldup 

8/5/82 

8/6/82 

survey. 
. ,  

8/7/82 Completed f l l l l n g  f rac  tanks - 2,280 bb l  t o ta  
wlth 400 bbl/ea, 2-tanks w l t h  140 bbl/ea). 

8/8/82 

Unlon POH w l th  pressure bul ldup t o o l s  and 
temperature gradlent surv 

Met w l th  Unlon Geothermal representat lve (Fred G I  lson), 
dlscussed program, scheduling, wellhead manlfoldlng, 

Unlon ran press nd temperature gradle 
surface t o  5,000'. F l u l d  l eve l  a t  ~2 ,700 

r e  and 

c 
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8/9/82 Hellhead pressure 274-psi at 0830 hours. 

1030 hours: 'Wellhead equipment above 10" master valve and 
flowline spool was removed by Union personnel. 

1030-1200 hours: Installed wellhead blowdown and kill 

c 

led in blowdown lines to 10' flowline. 

1200-1330 hours: Spotted rig, raised mast, secured guy 
llnes. 

1330-1650 hours: Unloaded 180 joints 2-7/8' 6.5# N-80 
tublng (HOMCO). Installed BOP equtpment conststtng of 6" 
double hydraulic ram-type BOP and tubing stripper. 

1650-1720 hours: Bled off wellhead gas pressure 250 psi 
to 0 psi. 

1720-1800 hours: Pumped 120 bbl water down casing, well 
on vacuum. Refer to Table C-1, Summary o f  Fluid Volumes 
Injected. Chemical analysts of water I s  given in 
Appendix D. 

1800-1845 hours: RIgged up bailer and oil saver. Closed 
in well for night. 

C 

c 

c - Note: Total water pumped Into well this date-120 bbl. 

pumped In 80 bbl water, well on vacuum. 
water at 21 BPM to keep well dead. 

8/10/82 0700-0845 hours: 'Wellhead pressure 30 psi, bled off and 
Continued pumping 

0845-1030 hours: Made two bailer runs, dropped through 
bridge at 5,100', found bottom at 5,112' K.B., attempted 
to bail - no recovery. 

G 

1030-1600 hours: Picked up and measured In hole 2-7/8" 
tubtng. Rabbltted all tubing prior to runntng. Found 
bottom at 5,112', POH. Closed In well for nlght. & 

7 Note: Total water pumped Into well this date - 1,170 bbl. 
8/11 /82 0800-0915 hours: Wellhead pressure 45 psi, bled o f f ,  

pumped In 80 bbl water, well on vacuum. Continued pumping 

0915-1015 hours: RIH with 155 joints 2-7/8" tubing (open 
ended) to 4,836' - Note: string floats located, >1 joint 
and 3 joints above bottom and TIW safety valve at surface. 

water at 21 BPH from frac tank. c 

b 
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8/12/82 

- 1015-1300 hours: Smlth Energy Servlces fjnlshed rlgglng 
up and mlxlng acld. Acld (HCl) was diluted to a nomlnal 
15% concentratlon In frac tanks on locatlon. Acld 
contalned 10 gal of CIA-2 corroslon lnhlbitor/1,000 gal 
and 1 gal of SAA-1 urfactant/1,000 gal. 

1300-1 328 hours : lth Energy Services pressure tested 
surface lines and pumped 200 bbls of fresh water*down 
tublng/caslng annulus at 10 BPM rate to cool tublng and 

acld. Annulus pressure = 0. 

: Smlth Energy Servlces pumped 711 bbls . 
(29,862 gal) of nomlnal 15% HCl/down tublng (open-ended at 
4,836') at average 10.8 BPM rate whlle contlnulng to pump 
fresh water down annulus'at 5.1 BPM'rate. Acld was 
sampled perlodlcally as l t  was belng pumped. (Sample 
documentatlon and analytical results-are given In 
Tables C-2 and Appendlx D . )  S.D. twlce for a total of 12 
mlnutes to repalr small leaks In acld lines. Tublng 
rate/pressure range = 9.8-12.8 BPN/l,lOO - 2,'730 pslg. 
Annulus pressure = 0. The acld solution was sampled as I t  
was belng pumped.. 

1446-1451 ,hours: Smith Energy Servlces pumped 51 bbl of 
fresh water to dlsplace tublng whlle contlnulng to pump 
water down annulus at 5.1 BPM. 

J 

1451-1500 hours: RIH to 5,083' to dlsplace any acid from 
bottom of  hole. 

1500-1532 hours: Rlgged up Smlth Energy Servlces to pump 
dlsplacement water. 

1532-1604 hours: Pumped dlsplacement water down tublng 
and caslng at average 10 BPM down each slde - 632 bbl 
total dlsplacement water pumped. Annulus pressure bullt 
up to maxlmum 200 psl near end o f  dlsplacement. 

1600-1615 hours: RIH wlth tublng and tagged bottom at 
5,112'. 

1615-1900 hours: POH laylng down 2-7/8" tublng. Pumped 
fresh water Into well at 21 BPM whlle POH - total 170 
bbl. Closed In well for nlght. NQ evldence of acld 
corroslon on any part of  tubing. 

0800-1000 hours: Lald down rig and tore out BOP 
equlpment. Rlg released to Unlon Geothermal at 7000 hours. 

i 
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811 3/82 Unlon ran pressure and temperature gradient survey from 
surface to 5,100'. 

Unlon ran Dla-Log mlnlmum I.D. callper from 2,350' to 
surface. Attempted repeat log, but tool failed. Ran 
casing proflle callper from 565' to surface - casing ok. 
Pumped 180 bbl of fresh water lnto well to keep It dead 
while logging. 

8/14/82 

8/26/82 Unlon began post-stlmulatlon flow test at 0925 hours. 
Flowtng 109,100 lb/hr (total mass flow) wlth 82 pslg HHP 
at 0945 hours. Two-phase flow rates measured through 6" 
orifice uslng assumed 80% steam quallty. 

8/27/82 Continued post-stlmulatlon flow test. c 

8/28/82 Well flowed at average rate of 47,850 lb/hr at 24.5 pslg 
WHP . 

8/29/82 Well flowed at average rate of 47,350 lb/hr wlth 23.5 pslg QI WHF . 
8/30/82 Well flowlng 46,740 lb/hr wlth 22 pslg WHP at 0910 hours. 

Shut In well at 0955 hours. End of  test. 
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Table C-1 
SUMMARY OF FLU LUMES INJECTED ~ 

AUGUST 4, 1982 

Fresh water* Injected for cooling and well control 

Nomlnal 15% HC1 acld solutlon pumped down tublng 

Fresh water* Injected down annulus whIle Injectlng acld 

before acld 

down tublng 

Fresh water* lnjected for dlsplacement and well' control 
after acld 

Fresh water* Injected whlle running cal lper logs 
on 8/14/82.' 

*Fresh water was hauled from sprlng near Baca Well No. 24. 

BBLS - 

1,755 

71 1 

335 

708 

180 

c - 5  



TABLE C-2 

DOCUMENTATION OF "AS PUMPED" HCl ACID SAMPLES 
BACA 20 ACID TREATMENT 

AUGUST 11 1982 

HCl Con. Acid Vol. 

Acid Purged tleasured from Sp. Heasured i n  by Sample 
Vol. of Sp. 6r. Inferred HCl  Con. Represented 

lab (2) (bbl s) Sample No. Time Taken (bblsl i n  Field Gr.  (2) 

1 1337 40 

2 1342 83 

3 1416 41 6 

1.075 15.0 15.3 ~ 61 

1.074 14.8 15.5 18% 

1.077 15.5 18.0 221 

1427 524 1.077 15.5 17.4 123 

18.1 118 

4 

5 1 441 662 - - 

b 

c 

c 

c 

C -6 



c 

C 

6, 

c 

APPENDIX D 



Date Time 

8/26/82 925 
8/26/82 945 
8/26/82 955 
8/26/82 1000 
8/26/82 1025 
8/26/82 1055 
8/26/82 1100 
8/26/82 1125 
8/26/82 1155 
8/26/82 1225 
8/26/82 1255 
8/26/82 1325 
8/26/82 1330 
8/26/82 1355 
8/26/82 1425 
8/26/82 1455 
8/26/82 1525 
8/26/82 1555 
8/26/82 1625 
8/26/82 1655 
8/26/82 1725 
8/26/82 1825 
8/26/82 1925 
8/26/82 2025 
8/26/82 2125 
8/26/82 2225 
8/26/82 2325 
8/27/82 0025 
8/27/82 0125 
8/27/82 0525 
8/27/82 0925 
8/27/82 0945 
8/27/82 1325 
8/27/82 1730 
8/27/82 2130 
8/28/82 0130 
8/28/82 0905 
8/28/82 0907 
8/28/82 2043 
8/29/82 915 
8/29/82 915 
8/29/82 1938 
8/30/82 0823 
8/30/82 0910 
8/30/82 0935 

TABLE 0-1 

FLOW DATA ACQUIRED AFTER FRACTURE ACIDIZATION OF BACA 20 

Sample Rate Average Time 4 Cum. 
Number ( lb /h r )  Rate (hr )  Prod. 

1 W h r )  ( l b )  

1 

2 
3 

4 
5 
6 
7 
8 

9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 

109,102 

99,631 

80,475 

11 04,366 

90,053 
90,053 

73,767 
73,767 
73,767 
73,767 
73,767 

59 , 385 
59 , 385 
59,385 
59,385 

- ’ 59,385 
59 , 385 
59,385 
59,385 
59,385 
59 , 385 
59,385 

67,059 

20 59 385 
21 59,385 
22 59,385 
23 59,385 
24 59,385 
25 59,385 
26 59,385 

27 49,781 
28 49 , 781 
29 . 49,781 
30 49 , 781 
31 49,781 

47 , 602 
47 , 602 

32 
33 

34 47,045 
35 47,045 
36 47,045 

51,710 

47,852 

47 , 353 
I 

46,737 

Note: Rates assume 80% steam f ract ion 
D - 1  

.33 36004 

.167 17429 

.083 8269 

.417 37552 

.50 45026 

.083 6679 

.417 30761 

.50 36884 

.50 36884 

.50 36884 

.50 36884 

.083 5566 

.417 24764 

.5 29692 

.5 29692 

.5 29692 

.5 29692 

.5 29692 

.5 29692 

.5 - 29692 
1.0 59385 
1 .o 59385 
1 .o 59385 
1 .o 59385 
1 .o 59385 
1 .o 59385 
1 .o 59385 
1 .o 59385 
4.0 237540 
4.0 237540 

.33 17064 
3.67 182696 
4.083 203256 
4.0 199124 
4.0 199124 
7.583 377489 

.033 1579 
11.60 552182 
12.53 596453 

10.383 480,468 
12.75 599,823 

.783 36,836 

.417 19 ,!I89 

0 - 

96.16t 

Cumul a t  i ve 
Produced 

( l b )  

0 
3600 

53433 
61 702 
99254 

144,281 
150,960 
181,721 
218,605 
255,488 
292,372 
329,255 
334,821 
359,585 
389,277 
418,969 
448,662 
478,355 
508,047 
537,740 
567,432 
626,817 
686,202 
745,587 
804,972 
864,357 
923,742 
983,127 

1,042,512 
1,280,052 
1,517,592 
1,534,656 
1,717,353 
1,920,609 
2 , 119,732 
2,318,856 
2,696,346 
2,697,925 
3,250,108 
3,846,567 
3,846 ,56 1 
4,335,030 
4,934,853 
4.971,689 
4,991,179 



Samp 1 e 
Number - 

1 

2 

3 

1 

2 

3 

4 

5 

7 

.. .. . . . . . . . . . . . .. -. . . ... . ..". 

TABLE D-2 

TREATING FCUIOS USED IN ACIDIZATION OF BACA 20 

(a> 
Acid As Received From Supplier 

Mg Mn K N a ms/l mq/l mg/l mg/l mg/l mq/l r?g/l ms/l mq/l 
A i  B Ca Fe Li 

<.4 .3 59 1.0 < . 2  12 <.02 1.9 

<.4 .3 53 1.2 <.2 11 <.02 2.0 

c.4 < . 2  53 1.1 < .2  11 <.02 2.9 

(b)  Acid As Pumped at the Surface During Acidization 

-9 1.0 63  884 <.2 7.1 5.8 46 

.4 .9 58 873 C.2 5.8 5.1  31 

.6 .7 52 843 <12 7.1 6.7 22 

-6  1.0 51 891 <.2 7.1 7.1 22 

.6 .6 51 888 <.2 7.2 6.8 20 

S i  
ms/1 

33 5.3 

32 4.2  

31 4.7 

lilt. I 
H Cl 

22 15 Ts'T3- 

24 16 15.5 

38 13 18.0 

30 13 17.4 

34 12 18.1 

Water Used to Dilute Acid Prior to and During Acidization 

12  13 .07 6.4 < .4  < .2 80 .1 <.2  1.5 

c 

c 

(r 

G 

cr 

e 

c 

0-2  



TABLE 0-3 

A N A L Y S I S  OF PRODUCED FLUIDS FROM BACA 20 
WITHOUT ANY SPECIAL SAMPLE HANDLING 

(a 1 
Filtrate Analysis 

Sample A1 6 Ca Fe Li Mg Mn k Na Si 
Number ma/l ma/l 4/1 mg/l m4/1 mg/l mg/l g/1 9/1 ms/l 

5 < 4 30 5.81 174 82 49 168 1.37 5.83 

15 (4 33- 5.23 106 84 29 124 1.36 5.53 

25 < 4  39 2.94 34 ~ 76 8.8 47 1.11 4.65 

30 < 4  46 1.70 6.5 73 c5 20. .995 4.46 

35 < 4  . 52 .802 6.6 63 < 5  .6.3 .821 4.03 
I 

( b )  
Flash Corrected'Fjl trate Analysis 

, .  
SAMPLE A1 B Ca Fe Li Mg Mn K Na 
NUMBER mq/l mg/l 9/1 mg/l mg/l mg/l mg/l mg/l 9/1 

5 
15 
25 
30 
35 

< l  6.0 1.16 34.8 16.4 9.8 
< 1  6.6 1.05 21.2 
< 1  7.8 0.59 6.8 
< 1  9.2 0.34 1.3 14.6 (1 
c1 10.4 0.16 1.3 12.6 (1 

D-3 

33.6 274 1.17 
24.8 272 1.11 
9.4 222 .930 
4.0 199 .892 
1.3. 164 .806 

89 

132 

5 39 

91 

60 7 

Si 
mg/l 

17.8 
26.4 

18.2 
108 

121 



TABLE D-4 

ANALYSIS OF SOLIDS FOUND IN FLUID SAMPLES 
. (See Table 3) 

c 

(a j 
Precipitate Ana 1 ys i s 

Samp 1 e Major Moderate S1 ight 
Number > 10% 1-10s 0.1-17; 

5 Si, Fe Nay A1 Ti , Cay Mg 

15 Si Fe N a y  Ca 

25 Si Fe, Na Ca 

30 Si Fey Na Ca 

35 Si Na Fe 

b 
Trace 
< 0.1% 

Cu, Sr, Mn 

Mg, Cu, Mn, Sr, A1 

Mg, Sr, A1 

Mg, Sr, Ca c 

(b 1 
Quantitative Analysis o f  Precipitate 

Sample Solid Content Elemental Content o f  Precipitate in Percent 
I; a - Fe - Si - Number (g/1) 

5 1.88 27.9 1.59 1.17 

25 1.96 27.2 0.26 0.96 

30 1.51 35.8 0.38 1.17 

c 

(i 
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