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^ p e n d i x D 

WELL DESIGN FLAN 

D . l FORMATION CHARACTERISTICS 

D.1.1 In t roduc t ion 

There i s a l a rge amount of information a v a i l a b l e covering the formation 

p rope r t i e s a t the Salton Sea. jftich of the data has been made a v a i l a b l e 

through the DOE Sal ton Sea p r o j e c t s , furnished by the geothermal f i e ld 

developers and compiled under the d i r e c t i o n of the Lawrence Livermore 

Laboratory (ILL). The data obtained and publ ished by LLL included temperature 

p r o f i l e s , analyses of c u t t i n g s , and wel l t e s t r e s u l t s . Most of the data 

a v a i l a b l e a re from depths of l e s s than 5,000 f e e t ; however, the Elmore #1 wel l 

was d r i l l e d t o 7,000 fee t and the River Ranch #1 well reached 8,000 f e e t . 

Despite the fac t t h a t most of the a v a i l a b l e well data a re for shallower w e l l s , 

when the s t a t i c temperature for the we l l s c loses t to S ta te 2-14 are p l o t t e d , 

along with the Elmore #1 da t a , they a l l e x t r a p o l a t e to about yOO^F a t 

10,000 f e e t . Figure D-1 shows the comparison. 

D . l . 2 Rock Types 

The sediments in the Salton Trough cons i s t of r ecen t sands , s i l t s , and c lays 

a t shallow depths , and the deeper rocks are composed of s i m i l a r , o lder 

sediments t h a t have been metamorphosed as a r e s u l t of high temperatures and 

pressures a t depth . The metamorphic mineral assemblages include common 

c a l c i t i c and s i l i c i c phases t h a t a re found in other geothermal resources 

around the world. The metamorphosed rocks are found in inhomogeneous 

assemblages common to d e l t a i c sediments . These metamorphic rocks a re 

r e l a t i v e l y impermeable and b r i t t l e , and have low p o r o s i t y . The t e c ton i c 

a c t i v i t y in the Sal ton Trough has r e s u l t e d in almost continuous epochs of 

f r a c t u r i n g , cementat ion, and r e f r a c t u r i n g in these b r i t t l e rocks . The voids 

and f r ac tu re s a re s a t u r a t e d with a s a l i n e b r i n e . 
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The sediments in the stratigraphic column as reported by Austin (1977) are as 

follows: 

Depth, ft Sediments 

0-1,500 Cap rock 

1,500-3,000-4,500 Unaltered reservoir rock with 

high interstitial porosity 

3,000-8,100 Hydrothermally altered reservoir 
rock with r e l a t i v e l y low poros i ty 

The cap rock , a p a r t i a l l y consol idated c l a y - s i l t ^ e v a p o r i t e , as descr ibed by 

Tewhey (1977), prevents the upward movement of geothermal f lu ids and ac t s as a 

thermal i n s u l a t o r prevent ing the l o s s of hea t from the r e s e r v o i r by r a d i a t i o n 

or conduction. 

The una l te red r e s e r v o i r rock forms the h ighly permeable upper r e s e r v o i r . The 

br ine- induced a l t e r a t i o n e f f e c t s on these rocks are pr imar i ly s i l i f i c a t i o n and 

c lay mineral r e ac t i ons which have not a f fec ted the poros i ty and permeabi l i ty 

of the r e s e r v o i r r o c k s . 

The hydrothermally a l t e r e d r e s e r v o i r rock i s cha rac t e r i zed by a gradual 

t r a n s i t i o n from clay mineral t ransformation a t the top of the r e se rvo i r to 

replacement of i n t e r s t i t i a l c a l c i t e by epidote in the lower r e s e r v o i r . The 

common boundary between the shallower h igh-pe rmeab i l i t y r e s e r v o i r rocks in the 

upper r e s e r v o i r and the deeper low-permeabil i ty rocks I s i d e n t i f i e d by the 

f i r s t appearance of ep ido te (Tewhey, 1977). The poros i ty and permeabi l i ty 

have been enhanced in the hydrothermally a l t e r e d zone by n a t u r a l f r a c t u r i n g , 

f requent ly in the form of micro f r a c t u r e s . 

D. 1.3 Geothermal P r o f i l e 

Tables D-1 , D-2, and D-3 l i s t key c h a r a c t e r i s t i c s of the f lu id t h a t i s most 

l i k e l y to be produced during t e s t s . The maximum temperature and f lu id 

s a l i n i t y t h a t t h i s wel l w i l l encounter a re by no means c e r t a i n , and a r e the 

subjec t of cur ren t d i scuss ion in the g e o s c i e n t i f i c community. 
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Table D-1 

CHARACTERISTICS OF THE FLUID MOST LIKELY TO BE 
PRODUCED DURING TESTS 

Parameter Values 

Total depth (TD) of well 

Temperature at TD 

Average production 
zone temperature 

Pressure at TD 

Pressure at average 
production level (7,000 ft) 

Salinity (average TOS, 
before flash) 

Noncondensable gases In 
total flow 

Composition of 
noncondensable gases 

Average production zone 
fluid enthalpy 

10,000 f t (3,048 m) 

Low 360°C (eSO'F) 
High 380°C (716''F) 
Expect 370'C (698"'F) 

346''C (655»F) 

4,337 ps i (299 ba r s ) 
(295 atm) 

3,470 psi 

Low 255,000 ppm 
High 295,000 ppm 
Expect 265,000 + 5,000 ppm 

Low 0.05 wt% 
High 0.50 wt% 
Expect 0.50 wt% 

96 mole% CO2 
4 mole% CH4, N2, H2, H2S 

1,277 J /g (549 Btu/ lb) 

Table D-2 

ESTIMATED STEAM TRACTIONS AND SALINITY 

P r e s s . , 
ps ig 

Reservoir 
550 
300 
100 
O(atm) 

Temp., 
»C(°F) 

346 (655) 
262 (504) 
231 (448) 
182 (360) 
108 (227) 

Frac t ion of Brine 
Flashed to Steam 

0 
0.22 +0.03 
0.26 +0.03 
0.33 +0.03 
0.40 +0.03 

S a l i n i t y of 
Flashed Brine, wt% 

26.5 
34.0 
35.8 
39.0 
44.2 
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Table D-3 

FORECAST OF CHEMICAL COMPOSITION OF BRINE 
AT WELL STATE 2-14 

Parameti 

Ca 
Mg 
Na 
K 
Li 
SO4 
Cl 
B 
F 
Si02 
Total 
H2s 
NH4 

l£ 

CO 2 

Fe ( t o t a l ) 
Al 
Zn 
Cu 
Pb 
Mn 
Sr 
Sn 
Ba 
Ag 
Rb 
Cs 
Br 
As 
I 
Cd 
Sb 
Hg 
Au 
TDS 
pH 

Concentration in Reservoir 
(pre 

, • 

! f l a sh ) , ppm 

6,900 
55 

73,000 
21,300 

180 
12 

155,500 
215 ' 

15 
770 

4800 
16 

396 
2710 

4 
620 

6 
96 

1430 
510 

0.5 
215 

0.9 
110 

17 
120 

12 
15 

2 
1 
0.005 
0.05 

265,000 
4 (expect pH about 5 + 0 . 2 

a f t e r f lash to atmospheric 
pressure and cool ing to 
ambient temperature) 
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Temperatures, f l u id e n t h a l p i e s , and s a l i n i t i e s higher than (or lower than) 

those l i s t e d he re may be encountered, p a r t i c u l a r l y a t the bottom of the h o l e . 

Some es t imates of probable ranges are a l so given in the t a b l e s as "Low" and 

"High" v a l u e s , but the "High" va lues could be exceeded. Values l abe led 

"Expect" es t imate the average f lu id tha t w i l l be produced and a r r i v e a t the 

wel lhead, by flow t e s t i n g a ho le t h a t i s open ( l ined) from about 6,000 fee t t o 

10,000 f e e t . In the es t imate of uncer ta in parameters , some b i a s has been 

given to favoring va lues for conserva t ive des ign . 

The assumed geothermal p r o f i l e and h y d r o s t a t i c p r o f i l e used in the well design 

a r e shown in Figure D-2. The temperature p r o f i l e i s based on measurements 

made in the Elmore #1 wel l (Palmer,- 1975), which i s loca ted approximately 

2 miles southwest of the s i t e of the Salton Sea Deep Well (SSDW). The 

Elmore #1 p r o f i l e was chosen as the design b a s i s because i t e x h i b i t s high 

temperatures a t shallow depths and as such rep resen t s a worst case condi t ion 

for the wel l des ign . 

The maximum temperature measured in Elmore #1 was 680''F a t 6,900 f e e t . The 

design bottom hole temperature for the SSDW was est imated by e x t r a p o l a t i n g the 

temperature g rad ien t in the bottom 2,000 fee t of the Elmore #1 wel l to the 

a n t i c i p a t e d 10,000-foot completion depth of the SSDW. The bottom hole design 

b a s i s temperature p red ic ted on t h i s b a s i s i s 716"*F. 

D . l . 4 Brine P rope r t i e s 

Inspect ion of chemistry data from the e x i s t i n g wel ls in the Salton Sea area 

suggests the s a l i n i t y of the r e s e r v o i r f lu id i s approximately 270,000 ppm 

(Palmer, 1975). The measured pressures in the e x i s t i n g wel l s i n d i c a t e the 

formation i s approximately h y d r o s t a t i c from the su r f ace . 

The s a l i n i t y and temperature p r o f i l e , a long with b r ine dens i ty data presented 

by Dittman, was used to c a l c u l a t e the h y d r o s t a t i c p r o f i l e . The r e s u l t i n g 

h y d r o s t a t i c p ressure a t 10,000 fee t i s 4,230 p s i a . 
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Fluid p rope r t i e s were determined using data repor ted by Haas (1971) for 

s team-brine mix tu res . The s a t u r a t i o n pressure for 27 percent s a l i n i t y b r ine 

a t 716°F i s 2,619 p s i a . No r e l i a b l e data could be found in the l i t e r a t u r e on 

noncondensable gas con ten t . The e f fec t of gas was assumed to be n e g l i g i b l e in 

es t imat ing the wel lbore flowing cond i t i ons ; however, gas was considered in 

c a l c u l a t i n g the design wellhead c o n d i t i o n s . 

Table D-3 provides a forecas t of a c t u a l br ine composition a t the wellhead for 

S t a t e 2-14 provided to Bechtel by GeothermEx, Inc . 

D . l . 5 Corrosion P o t e n t i a l 

The corros ion problems of the b r i n e in the Salton Sea area have been 

documented. This data shows tha t corros ion phenomena are very d i f f i c u l t to 

p r e d i c t . As a r e s u l t , t he heav i e s t gauge cas ing t h a t would pass the requi red 

d r i l l b i t s has been s e l e c t e d . 

D. 2 DEEP WELL COMPLETION DESIOI 

D.2.1 Expected Wellbore Conditions 

Mate r i a l s encountered in the wel lbore inc lude 30 to 50 fee t of unconsol idated 

depos i t s a t the s u r f a c e , consol idated sediments to a depth of approximately 

3,000 f e e t , and metamorphic r e s e r v o i r rock below. Some zones of C0« gas 

have been repor ted in the consol idated sediments , genera l ly not above a depth 

of 700 f e e t . Ant ic ipa ted temperatures and pressures a t va r ious l oca t i ons in 

the ho le were previously given in Tables D-1 and D-2. 

D. 2. 2 Wellhead Design 

Two c r i t e r i a were employed in determining the design wellhead condi t ion : 

o A steam column in the wel lbore a t the bottom hole 
temperature ( i . e . , 715"F) 

o A gas (50:50, H2S:O02) column in the wellbore to 
the bottom of the cemented cas ing (6,000 f t ) a t an 
assumed average temperature of 500°F 
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The f i r s t c r i t e r i o n r e s u l t s in a maximum design wellhead pressure of 2,200 

ps i a and the second c r i t e r i o n r e s u l t s in a design wellhead pressure of 2,250 

p s i a . Based on tiiese design cond i t i ons , the c r i t i c a l wellhead components 

meeting ANSI 1,500 s e r i e s se rv ice r a t i n g s (3,000 PSI) a r e recommended. This 

would inc lude , as a minimum, the casing head f lange , expansion spool , 3-inch 

wing valves (double v a l v i n g ) , and double 10-inch master v a l v e s , as shown in 

Figure D-3. 

D.2. 3 Casing Design 

The deep well cas ing design shown in Figure D-4 has been developed to provide 

a safe and r e l i a b l e method for d r i l l i n g and completing the deep well in the 

d i f f i c u l t environment which has been chosen for the p r o j e c t . 

The 30-inch conductor casing w i l l be s e t to approximately 60 f e e t . This 

conductor i s necessary t o s t a b i l i z e unconsol idated surface sands and provide a 

means for r e tu rn ing cu t t i ngs to the surface when d r i l l i n g the subsequent 

26-inch h o l e . 

A 20-inch surface cas ing w i l l be s e t to provide con t ro l of the well when 

d r i l l i n g the subsequent p ro t ec t i ve casing s t r i n g . In order to provide 

p ro tec t ion aga ins t expected gas k icks from pockets of high pressure carbon 

dioxide known to e x i s t a t depths between 700 fee t and 2,000 f e e t , the 20-inch 

surface casing w i l l be s e t to approximately 700 f e e t . I t i s p o s s i b l e , 

however, t ha t shallow high temperature production zones may be encountered 

before 700 f e e t . If s o , i t would be no t iced as a sudden inc rease in mud 

r e t u r n temperature . If t h i s occurs the d r i l l i n g of the 26-inch hole w i l l be 

terminated and the 20-inch surface cas ing w i l l be s e t immediately. 

The 17-1/2-inch hole needed for a 13-3/8- inch p r o t e c t i v e s t r i n g w i l l be s e t to 

3,000 f e e t . The s e l e c t i o n of depth i s made on the assumption t h a t the cap 

rock extends to no more than 3,000 f e e t . This assumption i s based on evidence 

from the Elmore #1 and o ther nearby wel l s t h a t shows a change from a 

conductive to convect ive temperature grad ien t in the range 
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5,800 FT 

6,000 FT 

30 IN. CONDUCTOR 
118 LB/FT PLAIN END 

20 IN. SURFACE CASING 
94 LB/FT K-55 BUTTRESS 

13-3/8 IN. INTERMEDIATE CASING 
68 LB/FT C-95 BUTTRESS 

9-5/8 IN. PRODUCTION CASING 
47 LB/FT C-95 BUTTRESS 

8-1/2 IN. HOLE 

7 IN. LINER 29 LB/FT N-80 LT&C 

10,000 FT 

Figure D-4 PRELIMINARY CASING DESIGN FOR THE DEEP WELL 
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of 2,000 f e e t . D r i l l i ng of t h i s s e c t i o n w i l l proceed with grea t caut ion due 

to the expected presence of gas pocke t s . In add i t ion to g e t t i n g pas t zones of 

high pressure g a s , s e t t i n g the in termedia te s t r i n g of casing t o 3,000 feet i s 

designed to minimize the sec t ion of open ho le when cont inuing to d r i l l . 

Based on the da ta from the Elmore #1 w e l l , as shown in Section D. l , the 

temperature d i f fe rence between the formation temperature and the b o i l i n g poin t 

curve c lo se ly approach one another in the region between 3,000 feet and 

5,000 f e e t . Spontaneous b o i l i n g and discharge could occur i f wel lbore 

temperatures are allowed to approach the formation temperature . Se t t ing and 

cementing the 13-3/8- inch cas ing t o 3,000 fee t w i l l ensure con t ro l of a l l of 

the above problems. 

Se lec t ion of the 6,000-foot depth for the 9-5/8- inch casing i s based on two 

major f a c t o r s . The f i r s t i s the projected bottom hole temperature of 715*'F 

with a corresponding s a t u r a t i o n pressure of 2,619 p s i a . If the wel l produces 

from the very bottom hole with no draw-down, the wellbore f lu id w i l l begin t o 

f lash when the p res su re drops below 2,619 p s i a . Above t h i s point the f l u i d in 

the wellbore could be a t a pressure h igher than he formation f l u i d . Under 

these circumstances b o i l i n g f l u i d could escape in to the surrounding formation 

and find i t s way to the su r f ace . For the formation c h a r a c t e r i s t i c s in t h i s 

p ro jec t t h a t f l a sh ing condi t ion occurs above 6,000 fee t and thus the choice of 

a 6,000-foot s e t t i n g point for the 9-5/8- inch cas ing . 

The a d d i t i o n a l reason for the 9-5/8- inch cas ing i s the expected wear 

condi t ions in the wellbore assoc ia ted with ex tens ive co r ing . The repeated 

i n t e r r u p t i o n s of c i r c u l a t i o n and r egu la r running of a pipe in and out of the 

hole could cause d e t e r i o r a t i o n of the borehole wall and promote s l i pp ing 

and/or co l l apse problems. By minimizing the amount of open ho le d r i l l e d to 

the bottom, these r i s k s can be l essened . 

D r i l l i n g with an 8-1/2- inch b i t to the t o t a l depth allows the s e t t i n g of a 

7-inch s l o t t e d l i n e r for product ion. I t i s planned tha t the s l o t t e d l i n e r be 

hung from approximately 5,800 fee t to the bottom of the h o l e . 
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The three main conditions tiiat the casing wi l l be subjected to are: 

o Emplacement operations 

o Well discharging 

o Injecting (or circulat ing) cold fluids 

The relevant loading and s t ress conditions include: 

o Collapse. Because of external pressure, the design 
condition is normally assumed to occur when casing i s 
being run empty into a mud-filled hole . The worst case 
service condition occurs when the wellbore is hot and 
empty, such as might occur when stimulating the well by 
pumping nitrogen througji continuous tubing 

o Tension. Tension stresses occur owing to s t r ing 
weight, internal pressure, and cooling of the wellbore 
below the neutral (zero thermal s t ress ) temperature 

o Compression. Compression s t resses occur when the 
wellbore i s heated above the neutral temperature 

o Burst. Stresses due to internal pressure 

In most cases, the casing wil l experience a combined s t ress condition. For 

th is reason, a biaxial s t ress analysis was used in determining casing s t resses 

and the maximum energy dis tor t ion theory was employed as the fai lure c r i t e r ion . 

Temperature changes from tiie casing cement cure temperature in the well may be 

as high as 500*F. For example, the temperature increase in the near surface 

between shut-in and flowing or the temperature decrease a t 6,000 feet between 

shut-in and injecting or circulat ing cold fluids could both approach 500''F. 

In this case, large thermal stresses wi l l be produced by these temperature 

changes. They are the determining factor in the casing design. I t should be 

noted that the thermal s t ress i s a function of temperature, e las t ic modulus, 

and the expansion coefficient only. Therefore, fa i lure depends on material 

strength and expansion coefficient rather than on a combination of strength 

and casing dimensions ( e . g . , wall thickness). 
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The thermal s t r e s s developed a t a given wel l condi t ion i s a function of the 

cement bonding temperature s ince t h i s w i l l be the zero s t r e s s reference 

temperature of the cas ing . The cement bonding temperature i s d i f f i c u l t , i f 

not imposs ib le , t o p r e d i c t . For the purpose of t h i s des ign , i t has been 

assumed tha t the cement bonding temperature in the near surface would be 

200"F, and could be as low as 300"F or as high as 500"F a t 6,000 f e e t . 

Another important fac tor t ha t i s p a r t i c u l a r l y re levan t to geothermal wel l 

design i s c reep . At high tempera tures , s t e e l under s t r e s s w i l l undergo 

s i g n i f i c a n t c reep . Creep w i l l r e l a x the s t r e s s e s in the casing with t ime. I t 

i s extremely d i f f i c u l t to p r ed i c t what the s t r e s s condi t ion may be a t a 

p a r t i c u l a r time and, more impor tan t ly , what i t i s l i k e l y to be when the wel l 

condi t ion i s ab rup t ly changed, such as when the wel l i s d ischarged. 

There i s evidence tha t corros ion may be severe in t h i s environment; however, 

t he a c t u a l s e v e r i t y of the problem in terms of casing s e r v i c e a b i l i t y i s 

unp red i c t ab l e . For t h i s reason , the tiiickest wall casings tha t would permit 

the use of s tandard 12-1/4- inch and 8-1/2- inch b i t s without spec i a l 

p repara t ion were a r b i t r a r i l y s e l ec t ed for the 13-3/8-inch and 9-5/8- inch 

s t r i n g s . This approach provides a combination of maximum s t r eng th and maximum 

corros ion p r o t e c t i o n , s ince corros ion a t t a c k i s d i f f i c u l t to a ccu ra t e ly 

p r e d i c t , e s p e c i a l l y for the r e l a t i v e l y shor t l i f e needed for the deep w e l l . 

The casing ma te r i a l was se l ec t ed on tiie b a s i s of the s t r e s s c a l c u l a t i o n s under 

t h e se rv ice condi t ions ou t l ined i n Table D-4. Only API grade carbon s t e e l 

casing ma te r i a l s were considered. The h ighes t s t r eng th considered was C95 

(95,000 p s i minimum y i e l d ) , s ince the re i s evidence t h a t very h i g h - s t r e n g t h 

s t e e l s are subjec t to s t r e s s cracking in h i ^ ch lor ide and hydrogen s u l f i d e 

environments (Greensip, 1978). 

Bu t t r e s s thread j o i n t s were s e l ec t ed for the 20- inch , 13 -3 /8 - inch , and 

9-5/8- inch s t r i n g s . But t ress thread j o i n t s of fer s t r eng ths s i m i l a r to the 

pipe body i t s e l f and a r e widely used in geothermal a p p l i c a t i o n s . 
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Table D-4 

SUMMARY OF DESIGN OF 9-5/8-INCH, C95, 47-POUND 
BUTTRESS CASING STRING FOR THE DEEP WELL 

Depth, 
f t 

6,000 
6,000 

6,000 

6,000 

Assumed 
Cement Bonding 

Temperature, 
op 

500 

300 

300 

6,000 

6,000 

6,000 

Surface 

Surface 

Surface 

6,000 

Surface 

500 

500 

500 

200 

200 

200 

(a) 

Operation or Loading or 
Service Condition S t ress 

Wellbore h o t , but empty Collapse 
Running empty i n t o Collapse 
9.5 l b / g a l mud 

Flowing a t 700"F 

I n j e c t i n g a t 1,500 psi 
WHP, 100°F f l u i d 

I n j e c t i n g a t 1,500 ps i Biaxia l 

WHP, lOO'F f l u i d 

Wellbore h o t , but empty 

Flowing a t 700"F 

Running 
In j ec t i ng a t 1,500 ps i 
WHP, lOO'F f l u i d 

Flowing with 650"F WHT 

In j ec t i on a f t e r creep 
r e l axa t i on 

Flowing a f t e r creep Biaxia l 
r e l axa t i on 

Design 
Factor 

1.54 
1.52 

Compression 0.96 

Biaxia l^a) 1.85 

1.06 

Collapse 

Compression 

Weight 

B iax ia l (b ) 

B iax ia l (b ) 

B i a x i a l ( a ) 

1.54 

1.96 

4 

3.5 

1.16 

0.87 

(b) 0.66 

(a ) I n t e r n a l p res su re with a x i a l t ens ion 
(b) I n t e r n a l pressure with a x i a l compression 
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The inner casing s t r i n g s could reach temperatures of the order of 700''F when 

the well i s f lowing. Published da ta on the p rope r t i e s of cas ing a t e levated 

temperatures were reviewed and ind ica ted tha t y ie ld s t r eng th a t 700°F i s 

approximately 80 percent of the cold y i e l d for a wide range of casing s t e e l s 

(Snyder, 1980; Mcholson , 1984). 

The r e s u l t s of the casing design for the 9-5 /8- inch s t r i n g descr ibed above to 

6,000 fee t are shown in Table D-4. The 13-3/8-lnch design (not t abu la t ed ) 

produce s imi l a r r e s u l t s s i n c e , as explained above, the thermal s t r e s s e s were 

s i m i l a r for both s t r i n g s and dominated the des ign. I t i s important to note 

t h a t no. corros ion allowance was included in the design c a l c u l a t i o n s . 

Based on the approach described above, the two se lec ted inner s t r i n g s are the 

9-5/8- inch cas ing and the 13-3/8- inch ca s ing . 

For the 9-5/8-inch cas ing , the s p e c i f i c a t i o n s are as fol lows: 

o Spec i f i ca t ion API grade C95, 47 l b / f t , b u t t r e s s 

o Wall th ickness 0.472 i n . 

o J o i n t area (min.) 10.47 i n . 2 

o Cold y i e l d 95,000 p s i 

0 Hot y i e ld 76,000 ps i 

For the 13-3/8- inch cas ing , the s p e c i f i c a t i o n s a re as fol lows: 

o Spec i f i ca t ion API grade C95, 68 l b / f t , b u t t r e s s 

o Wall th ickness 0.48 i n . 

o J o i n t area (min.) 14.46 i n . 2 

o Cold y i e l d 95,000 ps i 

o Hot y i e l d 76,000 ps i 
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The balance of the casing design is as follows: 

0 30 in. conductor 0-60 ft, 118 lb/ft, plain end 

o 20 i n . conductor 0-700 f t , 94 l b / f t , K-55, b u t t r e s s 

o 7 - in . s l o t t e d l i n e r 5,800-10,000 f t , 29 l b / f t , N80, 
LT&C 

D. 2.4 Cementing Program 

General. When d r i l l i n g geothermal w e l l s , h igh ly f r ac tu red , incompetent 

formations with low par t ing pressures are usua l ly encountered. In the pas t 

those cond i t i ons , combined with high downhole s t a t i c t empera tures , often 

exceed the l i m i t of known cement composit ions. At the low d e n s i t i e s needed to 

prevent loss c i r c u l a t i o n thermal cement t h a t would develop useful and s t a b l e 

s t r eng th could not be formulated. 

Pr io r t o development of high s t r eng th microsphere (IBMS) thermal cement one of 

the b e s t h igh temperature cementing s l u r r i e s was P e r l i t e thermal cement. This 

type of s l u r r y normally has a dens i ty of 14 l b / g a l , al though i t can be mixed 

in weights as low as 12.5 l b / g a l . P e r l i t e thermal cements are s t a b l e under 

geothermal c o n d i t i o n s , but d e n s i t i e s below 12.5 l b / g a l a r e often needed to 

a l l e v i a t e l o s s of c i r c u l a t i o n and reduce the r i s k of reaching formation 

pa r t i ng p r e s s u r e . In a d d i t i o n , i f a l o s s of c i r c u l a t i o n i s a n t i c i p a t e d , a 

pref lush of FLOWCHEK should be pumped ahead of the thermal cement. 

The choice of HOWCO Sphere l i t e (HSMS) cement s l u r r y mixture was made because 

t h i s lower dens i ty cement s l u r r y w i l l permit one s tage cementing and t h i s 

s l u r r y with the Sphere l i t e a d d i t i v e a l s o y ie lds other s l u r r y p rope r t i e s needed 

for good thermal cement. These inc lude : low f lu id l o s s , zero free water , 

good rheology and s u f f i c i e n t th ickening t ime . This l a t e s t improvement in 

geothermal thermal cementing has met with a marked inc rease in the "success 

r a t e of f i r s t s tage cementing without l o s s c i r c u l a t i o n . Previously , when 

cementing wi th P e r l i t e cement, l o s t c i r c u l a t i o n would occur in nea r ly 

50 percent of the w e l l s . Since the use of t h i s new thermal cement (on over 

100 w e l l s ) the success r a t e has increased t o 95 percen t . There have been many 
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Indications of dramatically improved bonding with this cement. The 

geothermal/steam wells using th is cement are real iz ing a substantial savings 

from the reduction in excess cement required. 

In conclusion, th i s cement s lurry has a low density, is useful in high 

temperature applications and meets the high requirements of a thermally stable 

cement u t i l i z ing a low water-to-solids r a t i o . I t has been used successfully 

in geothermal cementing operations and provides enhanced insulating and 

physical properties over other cements currently being used. The low 

water-to-solids r a t i o enhances bridging properties when water i s lost from 

slurry and provides inherent loss circulat ion propert ies . Improved Bond logs 

are another consistent feature of the cement. The use of Spherelite lowers 

the density l imitat ion by 3 lb/gal from the l igh tes t thermal cements 

previously used. This cement can.substantial ly decrease heat loss in the 

wellbore. 

Loss of Circulation Zones. Treatment for loss of c irculat ion must take into 

account the intended use of tiie wellbore zone where loss of c irculat ion 

occurs. If production-or samples are required from that zone, the treatment 

materials must be ei ther removable or degradable. The selection of lost 

circulat ion mater ia ls , which may include both organic and inorganic mater ia ls , 

must also take into account the d r i l l b i t nozzle size and mud rheology. If 

the problem i s not a l levia ted, a cement plug should be used. The type of 

cement and additives wi l l depend on the depth, formation propert ies , and 

expected temperature. 

Cementing of Casing. The cement properties have been estimated in the 

dr i l l ing and casing programs and are l i s t ed below. The final design of the 

cement s lur ry , the time to wait on cement, the volume of cement, and the 

cementing operation i t s e l f may have to be modified to meet the actual 

conditions experienced in the wel l . Casing cementing temperatures recommended 

are: 

o Surface - 200°F 

o 3,000 ft - 250"F 

o 6,000 ft - 300»F 
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Casing cement requirements are given in Table D-5. 

Table D-5 

CASING CEMENT REQUIREMENTS 

Casing S ize , i n . Cement Requirements 

20 1,600 f t3 API Class G cement mixed with 
Sphere l i t e (50 lbs per sack of cement) blended 
with 40% s i l i c a f lour (use r e t a r d e r if necessary) 

13-3/8 3,000 f t3 API Class G cement mixed with 
Sphe re l i t e (50 lbs per sack of cement) blended 
with 40% s i l i c a f l o u r , 3% g e l , and 0.5% f r i c t i o n 
reducer . Tai l i n 500 f t^ API Class G cement 
blended with 40% s i l i c a f lour and 0.5% f r i c t i o n 
reducer . Retard a l l cements as requi red 

9-5/8 2,500 f t^ API Class G cement mixed with 
Sphere l i t e (50 lbs per sack of cement) blended 
with 40% s i l i c a f l o u r , 3% g e l , and 0.5% f r i c t i o n 
reducer . Tai l i n 500 f t^ API Class G cement 
blended with 40% s i l i c a f lour and 0.5% f f i c t i o n -
reducer . Retard a l l cement as requi red 

D.2.5 BOP and Safety 

The s e l e c t i o n of proper blowout prevent ion equipment i s p a r t i c u l a r l y important 

in the d r i l l i n g of the deep w e l l . In add i t i on to encountering per iodic and 

unexpected high p r e s s u r e s , which i s t y p i c a l of any d r i l l i n g ope ra t ion , BOP 

equipment must a l s o be able to t o l e r a t e high temperatures for l imi ted per iods 

of t ime. As a r e s u l t the BOP equipment needs to be trimmed for geothermal use 

and have higji temperature rubber s ea l ing elements in order to cope with the 

high temperatures t h a t could occur during d r i l l i n g o p e r a t i o n s . 

The blowout prevent ion equipment requi red for the var ious hole depths and 

a n t i c i p a t e d wel lbore condi t ions a re descr ibed below. 
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For depths of 0 t o 700 f e e t , the equipment needed i s as fo l lows: 

o Hole s i z e 26 i n . , cas ing 20 i n . , 94 l b / f t , K-55 b u t t r e s s 

o Annular BOP on 30-lnch cas ing , above d i v e r t e r 

For depths of 700 to 3,000 f e e t , the s tandard equipment needed, as shown in 

Figure D-5, i s as fol lows: 

o Hole s i z e 17-1/2 i n . , cas ing 13-3/8 i n . , 68 l b / f t , C-95 
b u t t . 

o 1 e a . 20 i n . API Class 3M double hydrau l ic with pipe 
and b l i nd rams 

o 1 e a . 20 i n . API Class 3M annular blowout preventer 

o CDOG BOPE t e s t r equ i red 

The a d d i t i o n a l equipment needed i s as fol lows: 

o 1 ea . 20 i n . cas ing head flange (21-1/4 i n . ) API 3M 

o 1 e a . 20 i n . d r i l l i n g spool with choke and f i l l - u p 
l i n e s p i t che r n ipp l e (mud flow l i n e ) 

o 1 e a . choke manifold se tup API 3tl or 5M 

For depths of 3,000 t o 6,000 f e e t , the s tandard equipment needed, as shown in 

Figure D-6, i s as fol lows: 

o Hole s i z e 12-1/4 i n . , cas ing 9-5/8 i n . , 47 l b / f t , 
C-95 b u t t 

o 1 e a . 13-5/8 i n . API Class 3M double hydrau l ic BOP with 
pipe and b l i n d rams 

o Rubber pa r t s to be designed for high temperature 

o 1 e a . 13-5/8 i n . API Class 3M annular blowout preventer 
with h igh- tempera ture rubber ma te r i a l 

o Add r o t a t i n g head 13-5/8 in . 3M, i f needed 

o CDOG BOPE t e s t r equ i red a f t e r i n s t a l l a t i o n 
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The a d d i t i o n a l equipment needed i s as fo l lows: 

o 1 ea . 13-3 /8 i n . ANSI 1500 s e r i e s cas ing head with 2 
ea . 3 i n . flanged ANSI 1500 o u t l e t s and 4 ea . 3 i n . 
ANSI 1500 s lab gate valves (or equ iva len t ) 

o 1 e a . 13-5/8 i n . d r i l l i n g spool with f i l l u p and choke 
l i n e s ANSI 1500 (13-3 /8 i n . ANSI 1500 x 13-5/8 i n . API 
3M) 

o 1 e a . 3 i n . flow l i n e to p i t (from cas ing head) 

o 1 e a . p i t che r n ipp le (mud flow l i n e ) 

o 1 e a . r o t a t i n g head c l a s s 3M with h igh- tempera ture 
rubb er 

For depths of 6,000 to 10,000 f e e t , the s tandard equipment needed, as shown in 

Figure D-7, i s as fol lows: 

o Hole s i z e 8-1/2 i n . cas ing 7 i n . s l o t t e d , 29 l b / f t , 
N-80 LT&C 

o 1 e a . Class 3M double hydrau l i c ram type with pipe and 
b l ind rams; h igh- tempera ture rubber pa r t s requi red 

o CDOG BOPE t e s t r equ i red 

The additional equipment needed is as follows: 

o 1 ea . 13-3/8 i n . x 9-5/8 i n . environmental expansion 
spool with h igh- temperature (650"F) rubber s ea l ing 
ma te r i a l s and 18 i n . expansion c a p a b i l i t i e s 

o 1 e a . 10 i n . ANSI 1500 s lab gate va lve 

o 1 ea . banjo box and r o t a t i n g head 

o Annular blowout preventer may be added for running 
7 i n . l i n e r 

D.2.6 Coring Approach 

The approach to cor ing incorpora tes convent ional core c u t t i n g , us ing e i t h e r 

diamond or polycr3rstal ine b i t s . Attempts to r e t r i e v e core w i l l be l imi ted t o 

30 f ee t per a t t empt , due to the a n t i c i p a t e d d i f f i c u l t y with plugging or 

jamming of hlgjily f ractured ma te r i a l in the core b a r r e l . This subject has 
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been discussed with geothermal wel l opera to rs in the Imperia l Val ley , 

including Union Geothermal, Chevron Resources, Republic Geothermal and Magma 

Power Co. The opinion of t h i s group i s tha t coring i s d i f f i c u l t , and tha t 

cor ing pene t r a t ion r a t e s w i l l range from 4 f t / h r to 20 f t / h r , with an average 

of 5 f t / h r . 

Continuous cor ing with w i r e l i n e core r e t r i e v a l , a s i s f requent ly p rac t i ced in 

the exp lora t ion for m ine ra l s , was i n v e s t i g a t e d . This method uses a hole 

diameter of 3 inches to 5-1/4 Inches , and depends on a c lose to le rance 

(+ 1/4 inch) between the hole and the core b i t for d i r e c t i o n a l c o n t r o l . To 

use t h i s technique in the deep w e l l , i t would be necessary to core a sec t ion 

f i r s t , and then come back and ream out the hole to the necessary diameter for 

c a s i n g . I t i s c u r r e n t l y unknown i f d i r e c t i o n a l con t ro l could be maintained 

a f t e r reaming. 

Current p r a c t i c e with continuous cor ing i s to allow core b i t s which become 

s tuck to remain in the hole and tiien t o reduce the s i z e of b i t and continue to 

core through the stuck b i t . This does not seem reasonable or safe in the 

condi t ions expected for the deep w e l l . 

Four companies t h a t a r e or have been involved with w i r e l i n e cor ing were 

contacted to determine t h e i r c a p a b i l i t i e s and i n t e r e s t . Their response was as 

fol lows: 

Company 

Longyear Co. 

Heath & Sherwood 

Represen ta t ive 

Gil Speaker, 
Dick Swayne 

Comments 

B i l l Hokanson 

Have the c a p a b i l i t y to core 
to 10,000 f t , when using a 
small conventional d r i l l i n g 
r i g . No experience in la rge 
bore geothermal h o l e . Could 
poss ib ly do a slim h o l e , but 
no coring concept has been 
developed. 

Has equipment tha t can be 
adapted to a la rge d r i l l i n g 
r i g for l e a s e . No 
experience in l a rge bore 
w e l l . 
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Company 

Norton Chris tensen 

Represen ta t ive 

Jim Thornton 

Comments 

Matrix D r i l l i n g Products Jack Power 

Had w i r e l i n e c a p a b i l i t y for 
2 i n . cores years ago. No 
longer a c t i v e . 

I n t e r e s t e d in adapt ing 
500 f t d r i l l rods and core 
b a r r e l s to d r i l l pipe and 
power swive l . This would be 
a f i r s t of a k ind . No 
experience in geothermal 
w e l l . 

Based on t h i s a n a l y s i s , continuous coring with w i r e l i n e r e t r i e v a l cannot be 

judged to be commercially demonstrated in the geothermal environment. As a 

r e s u l t , Bechtel and i t s design subcon t rac to r , Berkeley Group, I n c . recommend 

the use of convent ional cor ing for the deep w e l l . 
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