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III. J^_ELL.„DRILLtNG...AN^^ 

In or'der to increase the amaunt of steaivi recoverable fr-om 
the Sulphurdale qeothermal field, production well P-SS-IA 
was dri 11 ed • as f cil 1 ows: 

/On February 24,, lVc39 the well was spudded and 30" diameter, 
standard wall, ASTM ^53, Srade B ERW conductor casing was 
set at 10O<B and cemented in place.. (KB-Ground. Level plus 
17 feet). On February ,25, a 26" hole was drilled to 134'KB 
and 20" diameter, 94#/ft., 10-55, BT&C surface casing was run 
and set (with difficulty) at 124'KB. Significant pr"onlems 
were encountered while cementing the casing (See Appendi;-; A 
for detailed drilling history) and, as a result, the- 20" 
casing ruptured at a depth' of 4v> ' KB offsetting the upper and 
lower segments .about 6" from each other. 

This situatiCin was irreparable and so the rig was skidded 10 
feet nortFi and a second well was begun oii March 4, Once 
agaiii 10 feet of 30" conductor was set and cemented, and on 
March o, drilling with a 26" bit penetrated to 138'KB, the 
setting point for the 20" surface casing. 

This casing was run and cemented successfully on March 6, 
and on March 7, a 17,5" hole was begun. On March 10, the 
17,5" hole reached 652'KB at which depth 13.375", 6i#/ft., 
FF • 5 5 , B T ?/ C was r u ii a n ci ceme i"i t e d' wit h o u t i n c i d e n t. 

On March 12, follcjwing successful pressure testing zi-f the 
12" HnF''E stack, a 12.25" diameter hole was drilled past 
940'F:B where the first steam entry was logged, to a tcjtai 
depth of 1177'fCB. 

A d r i i :'. i ng h i sto r y , c:lesc:r i fc) i riq d a i. 1 y even t s between Fetar uai"y 
17 and March 13, 19S9 pl.ius a memcirandum detailing Feb. 25-27 
events, drilling activity sheets, and tour reports acccjmpany 
.tFiis c:locument as Appendix A. Figure 2 is a prcDfile of the 
well, as completed; ("igur-e 3 is a drilling cur've showing the 
rate of cirillinq pr"ogress, anci Figure 4 si'icjws the Blcjwout 
F'reventer stack used on the 13.375" casing. Appendix B, 
attacried, is MEI's basic: drillirig procedure develc^pecj fuc-
P i'-CJd uc t i on scale wells. 
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IV.,GEOLOGY 

I ' • : . • . • : 

r-J -C .(. 
t::;i,.l J. L J I 1 , uthwestern Utah. 

ccjmpi" 1 s e s t c j l o e d a n d r a u l t e d s e e n m e n t a r y a n o m e t a s e d i m e n c a r y 
rLjc::ks o f F-'al ec3zo i c t n Meso ; ; v : j i c a g e t h a t a.rB o v e r l a i n , 
s e q u e n t i a l l y , b y . 01 i q o c i e n e t o M i c j c e n e a g e a s h - f l o w t u f f s a n d - ' • I ' -

Q u a t e r n a r y 
L jeen i i T t r u 
1 3 +• 1 t-. 

a 
I r-t 

s a l t s , 
1 OCi 

a, .1. .i. c:) •(• t n e r o cc : e p t t h e b a s a l t s i-: 

1 1 ..,. "KL occene c j u a r t z o r i .2 a n i t e -a r i d, ' ' o r 
•i • ! 1 • = 

C3 c k a p e ri e t r' a t e d i n F'' 8 8 -" 1A c o u i o r i. s s b r e c c i a:} a i'i d a a h 
t u f f s ( T t b ) , r 'eworF:ec3 a n d r i y c J r o t h e r m a l 1 y . a l t e r e d t o 

n Vi i 

L i f f M e m b e r o f t r i e B u l l i o n C a n v c i n V'CJI c a i i i c s { - , ...;. 

- e d t 

Or t n e . l o c a l VCJ I c a n i c u n i t s . ; . I n e i n r e e o r e e x s 
i r e s d i s t i ne r t , z o n e s ; ; a n u p p e r ' anci a 1 c iwer z o n e c:!f 

I !r. 

F F j r t a r e a o f i n t e r " e ? s t 

:-:ane • a , uTi ' nt e e c r e e i < s DOf^n 

c:Fiar ac: t e r i z e d b y e u h e c i r a l p l a t e s o f b i o t i t e u p t c ; s e v e r a l 
Hi :i. 1 1::. m e t a ! •" s w i cl s a ri d e u h e d r a 1 ( b e t a tuo r p i'i a 1 o q y ) q u a r t z 
c r y s t a l s w F i i l e t h e roc : : ks o f t h e 1 CJwer C::CJCJ1 i nc; u n i t air a 

' " ' ' " l . i . l y t h e s a m e bc r t iiiuccFi f i n e i ' " q i^ 'a i n e c i . T h e l o w e r 

' • a r \ •• f i v j 

! 1 i " i ••' 
... . { . . 

a Q:,. 
• - l - i:::.n 

F'--i:3a--1A i n i t i a l l y p e n e t r a t e d a b o u t 4 0 f e e t o f a l l u v i u m a n d 
a o 1 1 u v i . uifi = FrCJm 4iJ • t C3 2 S 0 ' FFB , t h e i''C3c: k s e n c . o u n t e r e d w e r e 
l i g h t t o m e d i u m g r e y t o r e d - b r o w n , v a r i a b l y s i l i c i f i e d a s h - -
f l o w t u f f s Cjf- ' t h e T 'Fb. T h e s e r c j c k s a i ' e .JLU-; t a p o s e c i w i thi 
ciac: i't. i c: l a v a s a n d a i r f a l l b! - - -ec:c ias a l c j r i g tfcie l o w a n g l e b a s a l 
f a u l t o f a s l i d e b l o c k . B o t h i : he l a v a a n d t r i e b r e c c i a s a r s 
s •[: r a n c; 1 y a i 1 :i. c: i f i e d . T Fi e l a v a s ni a ri 'F1 e iri o !•- e c o a r a e ci r a i i"; e d ... 

. . ! - ; ^ • - iwi'-i "CCJ q r e : : i <:•: . ]-).--f , - . s 

1 i'-i e Q r a i n e a , o 

wFi i c::h , i n tLii--~n , o v e r 1 i e 

Q 3 0 ' F'P; y 88—ij:; i p j e n e t i - a t e d a c: o n g l o m e 
v a r i c;'us s e d i m e n t a i ' - y a n d v o l c c a r i i c : l i t h o l o q i 
t i"; e f i !•" s t :;; i g ri i f i c a i"; t s t e a m e n 'L r •; 
f-i i - f-r l i i I c t i 

: e c : o m p r i s i n g 
a n d a t 9 4 0 ' K B 

c e a m e n - c r y w a s r e c o r c i e d . TFie 
j n c o n e , d r i l l e d f r c j m 9 3 0 t c j 1 1 7 7 ' F i B i s t F i e w h i ' h e , 

v i t r e o u s , s i l i c i f i e d , p y r i t i c C o c o n i n o s a n d s t o n e / q u a r t z i t e . 
I h i s rc]C';k i s b r i ' r ' r . i e a n d p e r v a s i v e l y -f r a c F u i ' " e d SCJ tF ia ' t 
: j r c l i f i c : s t e a a i er i F r i e s ; f l o w e d v i a . f r a c t u r e s a t 1 1 1 9 , • 1 1 2 1 , 

pe•{:. r ogr ' a p l'i i c dea,cr" i pi F i CJri of ' 
•r i i iv! -FFi i s w e l l t c j g e t h e Wl r n sc;)m£ 
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|-i (-1 "r r ) r 

11 1 n 1- !!ic:l.! 

.A w a s d i- i 1 1 e d c:) n p i-vi. v a t e 1 y CJ w ri e d 1 a ri d a i i d • 
p r o p e r " - F y , 'FFie p e r n i i ' t ' t i n g r e c ] L . i i r e c i w a s 

••! •-:. C .:::<. C i 1 S L i c:l -:2 A p p e n d i ;•; the relevant 
o e r i n i F f r ' o m t h e UtaFt D i v i s i c D n o-f Wa te r " f ^ e s o u r c e s (UDWR) . 
A r c d i e c j i o g i ( r a l c : l e a r a n c : e f o r t F i e w e l l w a s g i v e n a s a r i e s u l t 
o f s t u d i e s e n c c j m p a s s i n g t F i e wFic:)le p r o s p e c t a r - e a t F t a t w e r e 
p r e v i o u s l y ac:c::ompl i s h e d a n d d c j c u m e n t e c i . WFien t h e BOF-' s t a c F : 
cjfi F' 8 B ~ 1 A w a s p r e s s u r e t e s t e d i n a c c o r d a n o B w i t h S t a t e 
r ec;iu 1 a t i CJns » t ! " ie . ' t e s F w a s w i F r ' i e s s e d a r i d a p p r o v e d b y !JDWR 

•ep CJU!-Pusr'i. 

SUMMARY COST E S T I M A T E 

h e d t o t F i i s r e n a s HDD enc 
T h i s e s t i m a t e f o r . b o t h hc j lc [--, i.-\ t-

" F i e l d C o s t 
ar-ici f o r w e l 1 

i q h e r t h a n m iqFs t 

J e fi u n u •;:; L;. a 1 . 
1 i I , . : , ••...' iv.-: i...i ' t 

r":-n a 

t h s 2 0 " . c a s i n g p a r t e d o n F'--3£3 1 , 
'" t F i e r i g , a n d Fiad t h e w e a t F i e r rio-F 

e V e r'l -f CD r LJ t a h i r i F e b r u a i'" y"-' M a r- c; h.. 
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APPENDIX A 

p-89-l/P-ea-lA DRILLING HISTORY 

17--8 9 
07r?o -•• 0 s o n ri i F̂ i i 

'\ i^ j 

. 1 9 ;.'-

•', Fi i'l r, M T fv I j 

l eOO MIRU 

O ''•-, -.- 'P, Q 

0 7 0 0 -- 1 6 0 0 MIF'ilLi 

A l l D.: 

-1 

"; 

a. 

•i 

'.-• 

'1 
-r 

- • (-̂  

00 

!"> f'l 

"^ f l 

V a CC a •':: i o ri •a '̂  c:; i" cc r e w is 

1 4 0 0 M I R U , D r i l l r a t a n d m o u s e h o l e s . , s e t 10 
f e e t o f 3 0 " c o n d u c t c : i r ' c a s i n g . 

1 5 3 0 S a f e t y c c o u r s e , b y B e l l S a f e t y I n c : . 
2 0 < J 0 M U BF'IA 'ho d r i l l 2 6 " F i o l e f o i ' " 2C:'" s u r ' f a c e 

c:; a s i n c i . 
2 2 4 5 
B^ocy 'OOH, RD 2 6 " b i t , PU 9 " c o l l a r . 

OOOO -~ 0 3 3 0 Mli Br-iA a n d c o l l a r , F^Il--! t o 5 7 ' i ^ B . 
Oi 3 3 0> ••- 1 0 .~S 0 D r i l l a F'l e a cJ ' t o 14 Qi' [Oi „ 
10 3 0 -- 1 1 3 O 8 w a b Fi o 1 e ,, F' 0 O H , 
1 1 3 0 -- 1 2 0 0 W e l d s h o e o n 2 0 " , 9 4 # / f t , , K - 5 5 , BTS/C 
1 2 0 0 — 2 4 ( J 0 F'vun a i i d s e t 2 0 " s u r f a c c e c a s i n g a t 1 2 4 ' F i B , 

CemenF w i t F i F ^ e d i m i K , d i s f i j l a c e w i t h w a t e r , 
WOC. 

C 6 - 8 9 . 
OOOO -- 0400 WOC. 
0400 - 0630 F̂Ir-l with 1" wash pipe, tag cement at ESl'FO 

CO water and slurry down to 91'FC;B. 
0630 - 0830 Wait for cement truck. 
:J83U 

L 
0930 Try to fill hcjle with neat cement. Nc:; luck 

truck can not pumpj w-atery mi ;•; ture. 
0930 - 1200 Cut hole in 30" conductor, fill annuius 

between 20" and 30" casings with neat mi: 
Cement seen at GL, WOC. 
WOC, MU accumulator. 
F^epairs to rig, 
NU F-lydril on 20" casinq. 

1200 
1600 
1 730 

-
-
... 

1600 
1730 
2400 
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o o o o - 0 5 0 0 MU r o t a t i n g h e a d and f l o w l i n e , need new 
f l a r i g e t o i r i s t a l l F l y d r i l . 

0 5 0 0 - 0 6 0 0 F<IF-I wi'FFi 1 7 . 5 " b i t , d r i l l cemer i t f r o m 1 9 ' 
t o 43'F<B, B i t bc3unc: ing; na p r o g r e s s . 

0 6 0 0 - 0 6 3 0 F-'OOFl tc j i r i s p e c : t b i t , B i t a p p e a r s t o Fiave 
been r u n r i i n g on i r ' o n , LD 1 7 . 5 " b i t , F'U 
1 2 , 2 5 " b i t , R I H . 

0 6 3 0 -- 0 7 3 0 D r i l l 15 m i n u t e s w h i l e b c ^ u n c i n g , tFien 
p r o g r e s s r e s u m e d a t 1 0 - 1 5 ' / h r . D r i l l e d 
F i e l l y d o w n , ' t hen b l e w FicDle d r y . 

0730 -' 0E>00 F-'OOF"i? I r i s p e c t h o l e w i t h s u n l i g h t Z( m i r r o r , 
N o t e 2 0 " c a s i n g p a r t e d a t 4 3 ' F^3, 6 " l e d g e 
o f cemer i t v i s i F ) l e . 

0 8 0 0 -- 1900 F"'G0F-i, r i g dcDwn p r e p a r a t c D r y t o s k i d c i i n g r i g . 

? Flemorandum b e l i i w d e t a i 1 s •'LFie e v e n t s o f F e b . 25—27, 1989, 

MEMORANDUM 

TCJ" M o ' t h e r E a r t h I n d u s t r i e s , I n c . 
F-'romi; G .W. f - i u t F r e r 

R e ; D r i l l i r i g , C a s i n g , ancJ C e m e n t i n g E v e n t s . c s n F-'--E:i8-l; 
F e b r u a r y 2 5 ~ 2 7 , 1 9 8 9 

F ' T e s e n t e d b e l c i w i s a s e c i u e n t i a l l i s t i n g o f t r i e e v e n t s Fha ' t 
o c c u r r e d Cjn 2 / 2 5 ' ~ 2 7 / 8 9 w h i l e d r i l l i n g , i n s t a l l i n g 2 0 " 
s u r f a c e , c c a s i i ' t q , anci a t t e m p t i n g t o c e m e n t t F i i s . c : :as i r iq o n w e l l 
F-' 8 8 — 1 . TFie p u r p o s e o f t F i i s memo i s t F i e d o c u i V i e n t a t i or'i o f 
FFiese e v e n t s - s o t F i a F i n t F i e f u t u r e , we c a i i b e ' F ' t e r a v o i d t F i e 
c n i s t a k e s t F i a t l e d t o t r i e f o r ' c i t i l e s e p a r ' a ' t i o n o f t F i e 2 0 " 
e r a s i n g a n d t h e c c o s F l y an(cJ t i m e - c c o n s u m i n g c : o n s e c : | u e n c e s . 

1 . F'—Sc3--1 was d r i l l e d ' to wFiat I irias 'FolcF was 140'F-:!B a t iJSOC' 
h r s cjn 2 / 2 5 / S 9 . When tFie d r i l l s t r i n g was m e a s u r e d w F i i l e 
p u l l i n g c3U't cjf t r i e FICJICJ, I was i n f o r m e d t F i a t we Fiad d r i l l e d 
no't t o 140'F<B, b u t ' to 134'F<B. TFie d i f f e r e n c e was ccaused .by 
FFie d r i l l e r f o i ' g e t t i n g t F i a t one s e t o f s u b s Fiad been removed 
f r o m tFie Fjc^ttom F io le a s s e m b l y a f t e r c i r i l l i n g t h e f i i - s t 
"F ie i 1 y-dc3wn " . 

" I 

2 . I decricJed t h a t tFie " l o s s " o f 6 ' o f F io le was no't c r i t i c c a l 
i n l i g h t o f t h e r e l a t i v e l y f r e s h g u a l i t y o f t h e c u t t i n g s 
e K a m i n e d ancJ t h a t we s h o u l d s e t and c e m e n t t r i e 2 0 " s u r f a c e 
c a s i n g ' a t 1 1 7 ' G L . (HL. . -F: : :B- -17 ' ) . T h i s p l a n wcju ld g i v e us at ic jut 

i l E>7 ' o f c e m e n t e d b e d r c j c k s i n c e t h e Q a l - T t a t . c o n t a c t was 
e s t i m a t e d , f rc jm tFie ccuF-Fings, t o be a t a b o u t 45--47' l-<B. 

ft 
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a r i i n g Cemeht o f F i l m o r e and a pump t i""uck fi-'orn F-'ara wan 
had beer I on Cil r e • ' . • : : : I . . : : . . . 1 h L.l u j- -=i n , J -a -••/ I :::> i i a w I "i a L! 

v i s u a l l y i n s p e c t e d t h e di'"y c e m e n t i n 'tFie t r u c k s and s e e n i t 
t o Fje powc ie ry ai'id f i n e . I l a t e r l e a r n e d t F i a t eaccFi t r u c k 
ccon ta inec i 2 0 , OOC' I F J S . O-F - - 3 / S " " s a n d " . ( T r i i s i s r e a l l y 
" g r a v e l " and n o t " sane : ! " ) . F-'umping tFien began t h r o u g F i a 2 " 
v a l v e a t t a c h e d t o ' a 1 / 4 " s t e e l p l a t e t h a t had been w e l d e d 
w i tF i a s i i i g l e p a s s o n t o ' the tcjp ceas ing . j o i n t . A b o u t 15 
iv i inu ' tes a f t e i ' " t r i e s t a i ' t o f p i u m p i n q , p r e s s u r e b L i i l t up anci 
t r i e ccement f l o w s l o w e d . S u d d e n l y t h e c a s i n g ".jumpeici " a 

tFie i i r e s s u i ' e wac;; r e l i e v e d , and ccement f l o w i-esumed,, 1 i t t l e , 

water" i n t r i e c a s i r i g anc:l t h a t tFie g r a v e l ' F e l l c q u i c k l y i n t o 
tFie f l a p p e r v a l v e t h u s t e m p o r a r i 1 VN p l u q q i nq i t . When t h e . , . j 

._ - ... - 11 .: 
I S . i . 1 iCi ...1 U l i l j . 

1 -J „ f-l 1- L.i 

11 ] uciced 

i L imped " , i t f r e e d t h e p l u g 

Cl .i. u.q Q1 n g was i::i r oa au i y u LI e 

1 m 1 i"i u 'ic 

1 d tFle F)ose f rorn 
:::,h} '-: 

a wh:!. .L e 

i - t l ( o f p u m p i n g , tF 
-t Fl e pump t r L; C FC r L; P t L; '" e ci. "F' F'i 
t h e b a r r i e r t o cemen t c r e a t 

FJV tFie s e t t l e d f o r m a t i o n f r a q m x : j n t s t o q e t F i e r w i tFi q!'"a 
cceqr i;;?c!ated f r o m t r i e c e m e n t , t F i a t f i l l e d tFie ti a t torn o f 

'"-' '1 ' we c o u i o qe more cemen'c i n i : ne w e i i 
c e m e n t was r a p i d l y s e t t i n g up i n tF ie ccemer 

a n ci ' t l ie 

n r 
:J tFie 2 " v a l v e on t o p o f t r i e c a s i n g , 

was; ' to cFiase t h e ccemen't i n tFie ceasing w i tF i w a t e r 
anci so 'icci - t a r a e li^iost o f i t OLrt o f t r i e c a s i n g and Lip a rounc i 
t h e OLctsicje wFiei-e i t was needec i . 

• ! - ,-

12„ Wtieii t l i e r i g pump was s t a r t e c i , t h e p r ' ec j su re i m m e d i a t e l y 
r e q i s t e r e c i 500 p s i and a b o u t 10 secconds l a t e r , t F i e r e was: a 

1 oufj ricji a e , 'tFie c a s i n g " . j u m p e d " a b o u t 4 " ( i t Fiaci p r e v i o u s l 

clown t I-l :-•: i q f l o o r ) •!- I hen t n e ^.. c:-. ::;> .i. 

,L. 1 ,-. ... ,, •; .i- 1-1 :, LO w i c i i i n aFjout 1 " o f i t e ; C j i - ' i g i r ia l p i o s i t i o n . 
on t t i e t o p o f tFie ccacsing was b u l g e d 

l e a n t l y b u t d i d nc3"t b r e a k i t s w e l d e d bc:)nci„ 

13 . 'The p i ^ e s s u r e an t r i e water" pudip i m m e d i a t e l y d r o p p e d and 
w a t e i ' -f 1 cDwec:! -fi-'-om t l i e Fil o o l e l i n e tFi LIS sugcjes ' t i n.(ci t o us a t 
t l i e t i m e t l i a t t h e w a t e r was p r o p e r l y c F i a s i n g t t i e cemen t as 
we w i c ; h e d . TFie p u m p i n g was s t o p p e d a f t e i " a s i i o r t t i m e so as 
n o t t o pump w a t e r o u t o f t h e sFioe .and i n t o t h e a n n u i u s . 

14-. A f t e r " u n h o o k i n g tFie r i g pump Fiose -fram t l i e 2 " v a l v e , t h e 
v a l v e was ope f?ried ' s l i q F i t . l y t o a s e i f i t : was on p o s i t i ve 
p r ' e s s u r e as we a n t i c i p a t e d . SSurpr i s i n g l y , tF is c a s i n g was on 
s u c t i o n . We i n t e r p r e t e d t h i s tc j mean t h a t t h e r e was s t i l l 
more cemen t i n s i d e tFie c a s i r i g tFian î in - t l ie o u t s i c i e and tF ia t 

I 
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0230 
(") 4 .'3 lO 

0800 
0815 
1015 
1 200 
1300 
1730 

2:'. 0 C' 
21 15 

0230 
Ol 4- -3 C.:i 
OSOO 
0815 • 
1015 
1200 
1300 
1730 
2100 

2115 
2215 
2400 

DA 
DA 
DA 
Sur 
DA 
DA 
DA 
DA. 
DA 
tri 
Sur 
DA 
D A 

229-258'KB,Fractures at 235 and 258'KB. 

S47E, 
5 'KB. 

289-320'KB. 
vey #2 at 310'KB: 1,5 degree; 
320—351.' f:::B, Frac-tures at 320-
351-376'KB. 
376-381'KB. 
381 411 'KB, fracture at 333'KB„ 
411 441 'FFB, Tight connection, wiper 
p, Ficile c: lean inq u.pi well, 
vey .#3 at431'Fc:B: 1.75 degrees, S31E: 
441-472'KB, fracture at 454'KB. 
472-485'KB. 

0445 
0700 

0 9 3 0.' 

1 1 OC:' 
j 2C'0 

1315 
1500 

0145 D H M-'ciB-
0445 DA 
0700 DA 532-547 ' fxB , fracture at 532'fiB. 
0930 DA 547-562'F^:B, cir. 

hole for Survey #4. 
0945 Survey #4 at 552'KB;; 1.0 deqrees, Si4E.. 
1100 DA 562-593'KB, 
1200 DA 593-603'KB, 15' fill at 593''connection, 
1315 DA 603-622'FC:B, fracture at 612-614', 618, 

and 621'KB. 
1500 DA 622-652'KB, fracture at 645'KB. 
2400 MU new mud at 35 second viscosity, piurnci 

mud in Fiol circulate and condition, shor' 
trip, .b r'i-d g e? ait. 13.'3'F':!B, CO bridge, no fill 
652 is setting pcsint for IF 

-lo av 
C' (':' 0' 0 
0130 
r,-?~:':,-'i 

0130 
0230 
n ' J Z i " ; 

1000 - 2400 

Ci r ' c u l a t e ' a n d c o n c i i t i o n F i o l e . 
POOf-i. 
RU a n d r u n 17 j o i n t s o f 1 3 . 3 7 5 " , 6 1 t t / f t , 
rl •- 5 5 , B T & C 13 r a ci u c t i CD n c a s i n cj „ 
RU Dowel 1/ScFil umberger , pump 27 bbls water 
,.j .._•' ..J 

1 -i silica flour. Displace with 94 bbls water. 
4 Fj '9 - 5 C:i O p s i h ê  1 d • f o r -3 ni i n u t e s , f 1 a a t 1 e a. Fc. 

W 0 C , m i s c e 1 1 a ri e? o u s r e p airs a n d cle a n - - u pi, 

cut off casings, NU BOPE, flow lines, 
•a Br-ad en Fiead with two 3", 2000-# wing 
valves, a 12" 400# Master Valve, 400# to 
900-# .adapter flange, a 900# (top and 
bottcom) by 400# (outlet) Banjo Bo;-;, a 
12", 900#,- double gate (CSO and Pipe) 
BOP, and a 12", 900# rotatinq head. 



1 1 - 8 9 
0' tj 0 0 
1 2 0 0 
1 7 0 0 
1 8 0 0 

j ;,.v")ri 

1'700 
1 8 0 0 
1 9 0 0 

1 9 0 0 - 2 4 0 0 

C o n t i n u e MU BOF'E. 
"Fest b l i n d r a m s a t 6 0 0 p a i , OFi. 
RIH w i t h 1 2 . 2 5 " BF-iA. 
"Fest p i p e r a m s a t 9 5 0 p s i , w i t n e s s e d a n d 
a p t p i r o v e d b y F^irFc F o u r b u s F i o f UDWR. 
F'̂ :ig Li pi t o d r i l l , m o v e ec:(u.i p m e n t con'to 'sit.--

12-89 
OOOO 
0400 
11.15 
1600 

1615 
1830 

.... 

.... 
-
— 

.._ 

-

0400 
1115 
1600 
1615 

1S30 
20 1 5 
;cln(.i 

2100 - 24-00 

cement 597-652'KB. 
ja2-747'KB, drillinq break 713-720' FFB 

Fi"epar'e to dr i 11 
Dr 1 J 
DA / 
DA 747-757'F::B, BOP drill: 40 seconds to 
briefing area, 2.5 minutes to close hole 
DA 7 5 7 - 7 7 7 ' K B , Level> derrick. 
DA 777-790'KB.. 
DA 7 9 0 - 8 0 7 ' K B , S u r v e y # 5 a t 7 9 7 ' K B s 1 , 2 5 
d e g r e e s , n o a z i m u t F i , ( n o m o n e l i n h o l e i ) . 
DA 8 0 7 - 9 i 5 ' K B , f r a c t u r e s a t 8 6 6 - 8 6 9 , 1 0 8 
d i - ' i l l e e d i n 3 h r s . 3 6 ' / F i r a v e r a q e . 

DA 9 1 5 - 9 4 0 ' K B . Fi ; 'ceam e n t r y i f t 

C' 10 0 — 0 3 3 O 

0630 
0735 

0745 

•i 2 0 0 

u / -a a 
0 7 4 5 

1 2 0 0 

1 4 3 0 

teami f l o w iicj FjanjcD bo;-; b l o o i e l i n e . 
DA 9 4 0 - 9 S 7 ' K B , d r i l l i n g b r e a k 9 7 0 - 9 8 5 , 
f r a c t u r e a t 9 6 5 ' F : : : B . 
DA 947-1046'KB, drilling break 1015-1035, 
fracture at 1011 'F̂ B. 
DA 1046-1 108'FFB, fracture at 1090-1095 ' KB. 
DA 1108-1138'KB, fractures at 1115, 1119, 
1 122, and 1 133 ' FFB. 
DA 1138-1168'KB, fractures at 1138, 1159-
1162. hard rock 1162-1168'KB. ' 
DA 1 168-1 177' KB in hard, brittle, fi-actur'sd 
sandstone/quartzite fm, TD at 1177'KB. 
F-'OQl-l, miscellaneous i"epairs, Fiole complete,, 
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\ 7 - " T.S.*'j^i...MLh.i5..j_ _ / ^ ^ y > î v.ect cA. Z / ^ < . M^-i--c/cze/.. 6 > y i l l ^ d h t ^ j 

J I _ J p ^ j i l . £ i A . ^ . . £ l I ( ^ y Actbd. -hj^fK^yAt e^.i7\^rj. fii^ej^dicMs^.Ci^i'i^lj^ 

• ^ ^ ! ' 

.... ... -.-.... 

1.̂ .100 

—-.-. .———. 

-• -

- - - ---

.. 

-

! 

• ~ — • — — • • • — 

I 

• — : — -

^ ^ X f t o S^Lrhj.a 0.c4.^cif/7-^ 7..aC a-iilocA-., : 

C'l 

^ 



o 

-.'~T 

... / , - X -

F 7 " T y7ir<'-t'7v9~271 ,-^^-^-~--^ •y^^i^Tf'TT^- -::^ .̂i.i^-pi--7l-z7F^""'". yTif̂ -X '7v'9'21^~ "DO-y -4 
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_ _._. Sê .i.TL (S^k.ŝ -..l_.,-fei.p. yA/. . | ^ / ^ c e . .sA:'/^- dO^T-ei' ; 

TALQ.(rLr,-£.̂ ., S.£7...t:̂ iP.r̂ ^̂  lT<7-nS'C jr\l .[ 
I "^ ' f' ^ I ' o ' ' 

A'kT<J4..Jjz....j7la.lTL:'hU£^S.l7',. Mo.O:k.u.a ..tuai 

..t. ... 

S.^--J:l^^:t..Acr..SJ.TIA.- iM.Qj.(z.c..-e.i .6t.T. .s72jy_5 
JJs\.Jh.L^..C^ t--

C-I 
L-: 



01 lal _ 
•̂'0.%.3o 

I 

C ?̂.. '^Q...0.?i3Q. 

•,JDAZ \ 

' "O/E^ ' r - i J OA 
'OMNENTS 

:[ ^ ^ ^ ^ - B ^ i , i i iDMIiNG AOf'VrrY LOo'̂  V̂  
i ^ i ' : ^ i l ^ i ^ ^ 

. - . . { 

j ^ — — — - -I - ^— -J — — — . ^ . ^^ . , 

._ _ 4^oS:'£..i- CZP-LI- JZLp.^.pocOj..ir C<> tA.S ,.. S.vt.7~ g.roi^-^uL H-e^-t j^ 

( A T n ^ u>a.\j. Oy\au^. Qojla^^ 'pexyTs •n<^us-^, -̂ hr̂ c' 

.:lSL<id l<y i^22^v^ . Sa t - au3 o-.y". .Go^vri. Q\ ̂ ^ 

C'l 

u 



o\.o DRILLING ACr^MTY LO 
[Tirl^OEPlHi'NAilE i" ' 
g7ooT}.o'=f'^o ~|CV\j_/g4 

^ . . 

_..(_.. 

-"" •?n-l. J 0A'"E:[2-2?-P?i 
____ ..._____„ _._..iC^!ioNXS 

L^e^. ^77^M . V^^ fc Mhud .<^t. ^ ^ ^ 

_ j 

C'l 



L_-

i i iD R! I.L i NG' " AC f f V11Y177' 
":or'!>!ENrs 

[1:2 o o l 

. .illJP.Pal... 

.IS(X>\. 
1 

Ji>:£>0... 
lJ7>.oo\_.._ 

i 

'3.£7r.:7sT2^p^__0.c7V ^LOa^il PV^-V^A Socii .Ta.kjb', ^ T I I Y U 

T a J n . l ^ . DJXI..U--<. .M-yi-^. Op^ .PTA-^JL . cirtr C^^/^po^.^-KT^ ' 

_...uB<?.ui.->^i_0£Ali_...Ki^/>r .^-n^l-t..Qri.u«^ o£P,. c r o 7 u p ^.\Y7noses 

J. ^ - U o ^il'/^\>i±^'xsJL^.^.LL'yn'L^..y<LOi{.jA0^^ cotk^ To .OTlî L \ 
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^ y i - J ^ Y ^ ^ t ^ ^ 1 
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1 REAMING 

ACDRINC 

. COMDITIOM HUD 

1 TRIPS 

a REPAIR RIG 

^ - m S ! i i , . n « 
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Production Well Dril l ing Program 
Cove Fort - Sulphurdale KGRA 

Objective: Drill/Complete steam production well to ±2000' TD . Conductor 
casing 20" set at ±60-120', 13 3/5" production casing set at +400-900", 12 
1/4" open hole to 2000' or producing formation. 

September, 1987 
Updated October, 1988 

Mother Earth Industries, Inc 
Production Office 
3761 South 700 East 
Salt Lake City, LIT 84106 
801-263-8300 
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A b b r e v i a t e d sequence of o p e r a t i o n s : 

1. Prepare location and sump per attached dwgs. 

2. MIRU rotary rig on conductor. 

3. Drill 26" hole lo 60-120' GL. Optiono^^y, rolho^e digger may be utilized 
instead of rig. 

4. Run 20" conductor pipe to TD and cement from TD to surface. WOC. 

5. Install master valve and rotating head/diverier on 20" conductor, 
optionally as required. PU 17 1/2" drilling assembly and drill out 20" 
conductor using mud. Drill 17 1/2" hole to approx. 400'-900". Take 
directional surveys approx. every 200 feet. Maintain straight hole as is 
possible, max. deviation 4 degrees at TD. Maximum allowable rate of change 
1.5 degrees/100". 

5. Run and cement 13 3/8" casing. WOC 8-12 hrs, as req'd. 

7. Install wellhead and 12" BOP equipment on 13 3/8" casing. Test BOP to 
750 psig; witnessed by BLM and Utah Div. of V/ater Resources representative. 

8. RU compressors; Drill 12 1/4" hole with air/foam, as appropriate, to 
2000" or commercial production. 

9. Perform rig test to obtain approxirnate flowrate, V/HP, WHT. Run 
downhole surveys per engineer and geologist direction. Run logs as required 
by regulatory agencies. 

10. POOH, laydown drillpipe and tools, RDMO, release rig, return rental 
equipment. 

11. Prepare and submit completion reports to appropriate agencies. 

I 



D e t a i l e d sequence of o p e r a t i o n s : 
(Note: All operations are to be in accordance with approved Plan of 

Operations for CFS KGRA) 

1. Prepare location and sump per attached drawings. Prepare 3' deep well 
cellar using 6" diam culvert, with gravel in bottom and drain to sump. 

2. MIRU rotary rig, drill 26" hole to approx. 60-120" GL, subject to 
confirmation of competent formation. 

2a.(optional) Mob. rathole digger to drill 26" hole to approx 60-120" GL. 

3. Set 20" casing in hole; cement from TD to surface with Redi-mix cement. 

4. (MIRU rotary rig, centered on conductor.) Install extension as reqd. on 20" 
conductor to bring it up under the rotary table, and install return flowline to 
pit. Optionally, install master valve and rotating head w/diverter line and 
valve on the 20" conductor. Install H2S monitoring equipment per 
attachment. At this point, all rig personnel are required to have current H2S 
certification from H2S safety company man. All personnel shall be familiar 
with attached H2S alarm procedure. 

1 
• 5. bpud well with 17 1/2" drilling assembly and drill w/ mud to approx. 

400", or casing point as determined by v/ell supervisor and geologist. 
M Collect, clean, and clearly label cuttings every 10", as directed by geologist. 

1 6. At casing depth, RU and run E-logs per permit requirements. RIH and 
circulate following logging. 

7. Run 13 3/8° casing per attached casing program with stab-in float collar 
located 1 j t above shoe on bottom. 

8. RIH vv'ith stab-in tool, stab into float collar. Circulate hole clean, 
minimum 2 full circulations. 

9. Cement 13 3/0" casing per attached cementing program. Preserve cement 
samples. 
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10. WOC 12 hrs or as dictated by samples. 

11. Cut off 13 3/8" casing and install 13 3/8" SOW x 12"-400 casing head 
w/ two 3" wing outlets with 3" 2000 psi wing valves, with 3" companion 
flanges. All wellhead installation shall be in strict accordance with 
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manufacturers vvntten procedure. NU l2"-400 master valve and 12" BOP 
stack per attached drawing. 

12. Notify BLM and Utah Division of Water Resources representatives; test 
BOP to 750 psig with BLM and Utah representatives present, or in 
accordance with permit requirements Test witnesses are requested to 
document successful test completion on tour sheets. H2S safety man to be 
present on location. 

13. RIH with 12 1/4" bit, drill out cement, float collar, and shoe using mud. 
Drill additional 30" into formation, circulate/displace mud out of hole with 
Clearwater. 

14. POOH, PU stabilizers, per BHA program. RU compressors, RIH blowing 
hole dry Vvith air. 

15. Drill 12 1/4" hole with air system to 2000'or commercial steam 
production. Collect cuttings if possible. If steam fracture is encountered, 
drill ahead while flowing per geologist and engineer direction. 

16. POOH, perform rig test to determine approximate flowrate, v/ellhead 
pressure, wellhead temperature, noncondensable gas content, condensate pH, 
etc. Test long enough to ascertain native geothermal fluids being produced, 
short-term pressure stability, and adequate cleanup. 

17. If production is non-commercial per engineer, drill ahead or sidetrack 
as reqd. Obtain authorizations from appropriate agency personnel prior to 

18. On completion of drilling operations, laydov/n drillpipe, ND BOP, return 
rental equipment, RDMO rig, cleanup location. 

19. Prepare and submit completion reports, as req'd. Re-contour and 
reclairn/revegetate location as required per approved Plan of Operations and 
BLM/Forest Service direction. 
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H2S Safety 

The H2S safety company wil l be called out to perform certification training, 
install and maintain properly operating H2S monitors, and provide on-
location advice and expertise regarding safety related items. The monitors 
will be rigged up prior to spudding the hole, and the safety man wil l be 
available on location after drilling out the production casing. 

In all matters of safety, the H2S safety man has the FINAL WORD on 
procedures. 

H2S monitors wil l be installed at the following locations: 

1. Mud return line 
2. Vicinity of floor 
3. Vicinity of wellhead./BOP"s 
4. Additional locations per Safety Man direction, MEi/contractor 
recommendations. 

Windsocks wil l be installed as to be visible from various areas of location. 
An H2S warning sign (with green/yellow/red warning flags) is to be 
installed on the access road, and the appropriate flag wil l be displayed, 
depending on current operations. Two different briefing areas wil l be 
established, to allovr safe briefing in any wind condition. Emergency 
breathing equipment (5 min. and working-size Scott Air Packs; workline 
hose; high-pressure air bottles in safety trailer, etc.) will be available. 

Prior to spud, all rig personnel shall successfully complete an H2S 
training/certification course presented by the safety man. This will include 
Air Pack use, operation and location of H2S monitors around the rig, location 
and use of briefing areas, and general information regarding safety. 
Throughout drilling operations, rig personnel wil l have procedural update 
briefings, safety meetings, etc., as needed. 

I 



IN CASE OF H2S ALARM: 

1. MASK UP WITH ESCAPE UNIT 

2. 60 IMMEDIATELY TO THE UPWIND BRIEFING 
AREA 

I 
I 
I 
I H2S ALARM PROCEDURE 

POST PROMINENTLY IN DOGHOUSE 
I 
I 
I 
I 
I 

NO EXCEPTIONS UNLESS DIRECTED BY H2S 
I SAFETY MAN ON LOCATION 
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Cas ing /Cement ing Progrann 

String Hole Size Casing size V/eight Grade Thread Too Bottom 
Conductor 26" 20" 94pp> K-55 BT8.C 0" 40-80" 
Production 17 1/2"" 13 3/8" olppf K-55 BT&C 0" 400' 

All casing string settings approximate subject to confirmation that actual 
formation is appropriately competent. 

Conductor to be cemented with locally available Redi-Mix. 13 3/8 
production string to be cemented as follows: 

Shoes, collars: Run stab-in float collar one joint above casing guide shoe on 
bottom. Tack weld bottom of collars on bottom 3 joints, including float 
collar Clean and Thread-Lock all threads on float collar. 

Centralizers: Run centralizer in middle of bottom 2 jts. Then one 
centralizer on every other collar to within 100 feet of surface. No 
scratchers. 

Lead slurry: 1:1 ratio of Class H cement: perlite, +3% gel + 40^ S-8 (silica 
flour) + .75^ CD-31 (friction reducer) 

Tail slurry: Class H cement + 40% S-8 (silica flour) + .65̂ ? CD-31 (friction 
reducer) 

Both cement stages should be retarded to give 2-3 hours at approximately 
260 Deg F. 

Volumes: 50' 13 3.''8" csg in 20"" 94 ppf csg.(19.124" i.d.): 61.2 cu. ft. 
340" 13 3/8" csg in 17 1/2" OH: 236.2 cu. ft. 

Using 30^/100% excess in casing/open hole, total volume: 552 cu. ft. 

Using stab-in tool on drillpipe, stab into float collar. Cement through 
drillpipe. Pump Lead Slurry until good returns are observed at surface. Then 
pump Tail Slurry. Pump enough water to clear surface equipment, then pull 
drillpipe out of float collar, dropping cement from drillpipe on top of float 
collar.. 

WOC 12 hrs or until samples have set. Observe cement; if falling, bring 
back to surface adding cement with r pipe. 
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Blowout P r e v e n t i o n equipnnent, 13 3 / 8 " cas ing 

All BOP equipment capable of passing 12 1/4" bit/BHA. 
From casing going up: 

1.13 3/8" SOW X 12"-400 casing head w/ two 3" wing outlets with 3" 2000 
psi wing valves, with 3" companion flanges. 

2. 12" 400 RTJ WKM Power Seal through-conduit gate valve, with geothermal 
trim for steam service vvith 300 Deg F steam containing approx. 7% carbon 
dioxide and approx. O.IS? H2S 

3. (Crossover/DSA as req'd: 12"-400 x }2"-900) 12" 900 series Banjo Box, 
with 12" blooie Line, and 10" or 12" blooie line valve, reducers as req'd on 
blooie line. 

4. 12" 900 series double gate ram preventer, 1 ram CSO, 1 ram drillpipe 

5. 12" 900 series rotating head, with high temperature/H2S rubbers. 
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LITHOLOGIC LOG OF MEI WELL P-Se-IA 

Prepared for 

Mother Earth Industries, Inc. 

7350 E. Evans Road, Suite B 

Scottsdale, Arizona 85260 

By 

Joseph N. Moore 

Salt Lake City, Utah 

April, 1989 
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This report describes the lithologies and alteration 

minerals encountered in MEI well P-88-1A which was sampled to a 

depth of 1170 feet. A graphic log summarizing these data is 

attached. 

Lithologic Relationships 

P-88-1A encountered several different volcanic and 

sedimentary lithologies. The upper 40-280 feet consist of 

' Ta 

1 

I 

A 

variably a 1tered. coarse-grained Three Creeks Tuff of the Bullion 

Canyon Volcanics. This ash-fiow tuff is characterized by 

approximately 50% pjienocrysts pf quartz, biotite, potassium 

feldspar, plagioclase, and hornblende. Quartz phenocrysts, which 

commonly are dipyramidal in form and biotite crystals up to 

several millimeters across are diagnostic of this unit. 

The matrix of the Three Creeks Tuff ranges from light gray 

between 40 and 80 feet to medium gray (80-140 feet) and reddish-

brown (140-280 feet). Thin sections of other MEI wells indicates 

that the color of the matrix primarily reflects the extent of 

hydrothermal alteration. In general, the color of the matrix 

changes from dark gray and reddish-brown to light gray as the 

primary potassium feldspar and cristobalite formed during 

devitrification of the shard and ash matrix are progressively 

replaced by quartz. 

, The rocks encountered between 280 and 340 feet consist of 

P . "- ' " 
dacite lava flows and breccia. Similar rocks occur between 270 

and 305 feet in S-88-1. Thin sections from S-88-1 show that the 

. dacite contains 5 to 10% phenocrysts of plagioclase, biotite, 

hornb1ende(?), and magnetite in a fine-grained groundmass of 

plagioclase microlites and devitrified glass (potassium feldspar 

and cristobalite?). The associated breccia is hematite-rich and 

consists entirely of dacite fragments cemented by quartz. The 

high percentage of quartz cement is indicative of initially high 

porosities. These features suggest that the breccia is an air 

fall deposit erupted during dacite volcanism near the vent. The 

..-//a-



dacite rests on coarse-grained Three Creeks Tuff. 

Domes and hypabyssal intrusions of intermediate composition 

have been mapped in the Sulphurdale area by Moore and Samberg 

(1979). These rocks, which they called latite porphyry, 

typically carry phenocrysts of plagioclase, pyroxene, and 

pseudomorphs of an iron-bearing mineral that may be either 

hornblende or biotite. Field relationships demonstrated that the 

latites were emplaced after deposition of the Three Creeks Tuff 

at 27 my but prior to eruption of the Osiris Tuff 22 my ago. 

Moore and Samberg (1979) suggested that the volcanic activity 

which produced the latite domes was related to emplacement of a 

large quartz-monzonite intrusion located beneath Sulphurdale. 

Although intermediate composition lava flows containing 

phenocrysts of plagioclase, hornblende and biotite occur beneath 

the Three Creeks Tuff in the lower member of the Bullion Canyon 
7/=-

Vo1canics, none are known to occur within this ash-flow sequence. 

-These lava flows are typically altered to mixtures of quartz, 

illite, epidote, and calcite. The absence of similar propylitic 

alteration in the dacite porphyry in S-88-1, suggests, but does 

not prove, that it was erupted afjt^r deposition of the Three . 

Creeks Tuff and is correlative with latite volcanism. ^ - ^ 

&- .7 
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The dacite porphyry in P-88-1A is underlain by reddish-brown 

to gray coarse-grained Three Creeks Tuff (340 - 670 feet). 

Although the ash-flows are generally only weakly to moderately 

altered between 340 and 580 feet they are strongly altered 

between 580 and 670 feet. 

Between 670 and 930 feet, P-88-1A penetrated a fine-grained 

ash-flow tuff that is mineralogically similar to the overlying 

Three Creeks Tuff. The fine-grained ash-flow tuffs are reddish-

brown to light gray in color. As in the overlying ash-flow P l vT^ 

tuffs, the color of the matrix appears to be a function of the 

extent of hydrothermal alteration. In contrast to P-88-1A, the 

upper contact between the coarse- and fine-grained Three Creeks 

Tuff in S-88-1 was encountered at a depth of 655 feet. The base 
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of the fine-grained ash-flow tuffs In S-S8-i was found at 82-5 TiT:-
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Chips collected from depths below 930 feet in P-88-1A 

consists mainly of a white, vitreous quartzite. Thin sections 

from the base of S-88-1 show that the chip samples contain 

quartz-rich sedimentary rocks ranging from quartzites cemented by y... 

quartz overgrowths to fine-grained sandstones and siltstones 

cemented by clay minerals (illite or i1 Iite/smectite) and / s 

calcite. In addition, fragments of fine-grained limestone are 

present in some of the chip samples. 

The basement rocks in the Cove Fort-Sulphurdale area include 

sandstones, siltstones, and limestones that range in age from 

Triassic to Pennsylvanian. These sedimentary deposits are capped 

by the Tertiary or upper Cretaceous Price River Conglomerate 

which contains clasts of the basement rocks. 

The sedimentary rocks in P-88-1A are capped by a silicified .-...-. 

fragmental horizon. Thin sections from the upper part of the 

sedimentary section in S-88-1 show that individual chips contain 

fragments of both sedimentary and volcanic lithologies in a 

matrix of calcite and fine-grained quartz. The variety of 

lithologies present in tine chips suggests that the rock ^ 
..••'v.' 

underlying the Three Creeks Tuff is an a 1tered' cong1omerate and 

not a hydrothermal or fault breccia. T^hia' ' •'-̂  ;:• ^ - "• • --.. -. . • - • 

Hydrothermal Alteration 

Hydrdtherma1 a 1teration- of the rocks in P-88-1A is typical 

of moderate temperature regimes (less than 200° to 250° C ) . Thin 

section examination of samples from the adjacent -well, S-88-1, 

indicates that hydrothermal . alteration has produced mineral 

assemblages consisting of quartz, clays, iron oxides, and pyrite. 

Four zones of intense silicification were observed during 

logging of the cuttings from P-88-iA. These zones occur at 40 to 

140 feet, 280 to 340 feet (hematite breccia), 580 to 670 feet, 

and 900 to 930 feet. 



Pyrite is the only sulfide mineral observed in the cuttings 

from P-88-1A. It. is closely associated with the silicified zones 

occurring in the lower half of the well. 7ac: ../ĵr,..-, 

Thin sections of cuttings from S-88-1 show that the clay 
7.. e 

minerals present in the altered rocks include kaolin, smectite, 

Interlayered i111te/smectite, chlorite/smectite, and celadonite. 

Light green smectite and interlayered iI 1ite/smectite are present 

throughout this well as alteration products of biotite, 

hornblende, and feldspar phenocrysts. These sheet silicates are 

frequently associated with iron oxides (magnetite and hematite), 

sphene, and calcite in the altered ferromagnesium minerals and 

with calcite in the altered feldspars. Bright green celadonite 

appears to be present in the rocks below about 700 feet. 

Kaolin is present, in the silicified ash-flow tuffs 

encountered in the upper 140 to 155 feet of wells P-88-1A and S-

88-1. A thin section cut at 65-75 feet in S-88-1 shows that the 

kaolin occurs mainly as a fine-grained alteration product of the 

feldspar and biotite phenocrysts. Its presence in P-88-1A at 100 

feet was confirmed by X-ray analysis of the cuttings. 

The presence of kaolin is indicative of alteration by fluids 

with low pH's whereas alteration assemblages characterized by 

illite/smectite are more typica1 of near neutral fluids. Both 

types of alteration are present in the shallow samples of the 

Three Creeks Tuff suggesting that these rocks have been affected 

by two distinct fluid types. The presence of silicification 

associated with secondary .illite/smectite in the shallowest 

samples furthermore suggests that the bulk of the alteration 

produced by the near neutral fluids predates the active 

geothermal system. In contrast, acid waters are currently being 

formed by oxidation of hydrogen sulphide released through gas 

vents located around Sulphurdale. Thus, the kaolin is probably 

related torecent geothermal activity. 

Veins containing various proportions of calcite, quartz, 

smectite, and illite(?) are found throughout the wells studied. 
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In places, barite or anhydrite are also present. Thin sections 

show that the veins cut all rock types and alteration 

assemblages. Because of the small size of the chips, it has not 

been possible to establish the relative ages of the veins from 

crosscutting relationships. 

Structural Relationships 

The distribution of alteration assemblages and rock types in 

P-88-1A suggests that the well crossed faults at 280, and_ 630 

feet. At 280 feet, dacite porphyry is over lain by Three Creeks 

Tuff. If as suggested, the dacite porphyry postdates the ash

flow tuffs, then this fault is probably a low angle normal fault 

associated with the large scale landslide blocks that occur at 

Sulphurdale. The orientation of the fault at 630 feet cannot be 

deduced from the stratigraphic relationships. However, the 

presence of silicification in ash-flow tuffs at these depths 

implies that the faults are post Miocene in age and therefore the 

sense of movement is likely to be normal. 

The presence of sedimentary rocks g^_^llgjj_oy depths in all 

•; MEL wells except 24-7 implies that the wells located to the south 

of 24-7 are drilled into an' upthrown fault block. The faults 

Y. which bound this block must have been active prior to the 

deposition of the Three Creeks Tuff since the lower member of the 

Bullion Canyon Volcanics is absent in MEI wells drilled to the 

/ ' ' south of '24-7. A long period of activity on the east-west fault 

located just south of well 2 . h - l is indicated by .the juxtaposition 

of the Three Creeks and Red Tuffs on the hill just south of this 

well. The depth to the sedimentary basement is significant 

because it appears to be the primary reservoir in the MEI wells. 

Summary and Conclusions 

Lithologic and alteration studies of MEI wells P-88-1A and 

S-88-1 indicate that the steam produced by these wells is 

contained in fractured sedimentary rocks that underlie the Three 

77 :T.. 
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Creeks Tuff. An altered conglomerate containing fragments of 

quartzite, siltstone, limestone, and lava flows marks the contact 

between the Three Creeks Tuff and the sedimentary basement in, 

these we lis. 

A distinctive dacite porphyry and breccia was encountered at 

a depth of about 300 feet in both P-88-1A and S-88-1. The dacite 

may be correlative with latite flows and domes that intrude and 

overlie the Three Creeks Tuff. The dacite flows are in turn, 

overlain by coarse-grained Three Creeks Tuff that may be part of 

a thick gravitational glide block which moved from the east to 

west. 

At least two periods of hydrothermal alteration have 

affected the rocks in P-88-1A. The initial period of alteration 

was characterized by the deposition of quartz, mixed layer clays, 

calcite, iron oxides, "sphene, and pyrite in o'f the volcanic rocks 

and the conglomerate at the base of the volcanic section. This 

alteration appears; to be related primarily a hydrothermal system 

developed above a Tertiary quartz monzonite intrusion that 

underlies the Sulphurdale area. Secondary minerals related to 

the present geothermal system include kaolin and minor anhydrite. 

These minerals occur in the upper 150 feet of P-88-1A. 

- ' .;.- • ' 

-i-U., 
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I DEPARTMENT OF NATURAL RESOURCES 
I DIVISION OF WATER RIGHTS 

N<jrr(i;«i \ l . Ii;i(tf;crtx?r ^ 

(iifVfrnnr n 

Deo C. Hanson g 

KxiN uiivi- i>in*« r«r g 1636 West North Temple. Suite 220 

Uol»ort L. Morgan | Salt Lake, City. Utah 84116-3156 

.Si;iic Kn«iiH'<r g 801 -538-7240 

December 6, 1988 

Mr. Jay C. Hauth, Operations Manager 
Mother Earth Industries, Inc. 
3761 South 700 East, Suite 200 
Salt Lake City, UT 84106 

RE: Request to Drill Production Holes P88-I and P88-2 
Expiration Date: May 5, 1989 

Dear Mr. Hauth: 

Reference is made to your request of October 27, 1988, which was received by 
the State Engineer about October 31, 1988, to drill two production geothermal 
wells as part of MEI's continued field development program at the Cove 
Fort/Sulfurdale KGRA. The location of the well is to be: 

P88-1 South 2710 feet and East 1152 feet from the NW 
Corner of Section 7, T26S, R6W, SLB&M, which is 
within about 25 feet of S88-1. 

P88-2 South 2951 feet and East 990 feet from the NW 
Corner of Section 7, T26S, R6W, SLB&M, which is 
within about 25 feet of S88-3. 

By this letter you are hereby granted permission to drill, subject to the 
following conditions: 

1. Your request is approved as a test well application 
only. If, at a later date, it is desired to bring the 
well to production, it will be necessary to obtain the 
State Engineer's approval on the appropriate water right 
application(s) at or previous to that time. The approval 
of this request does not grant production or use of geo
thermal fluids from the wen(s) until proper procedures 
have been followed. 

2. This approval is conditioned upon the proper easements 
and trespass agreements being obtained from Delano 
Development Company, the fee holder of the land where 
the proposed wells will reside. A copy bf such agree
ments shall be provided the Division ()f Water Rights 
before this approval is considered final. 

an equal opportunity employer 



3. The driller must be bonded and have a current Utah 
water well driller's license from the Division of Water 
Rights. 

4. The owner/operator of the wells must post a bond in the 
amount of $10,000 for each well or $50,000 to cover all 
wells drilled within the state. 

5. The wells may be drilled to a maximum depth of 2000 feet, 
more or less. The applicant must obtain written permis
sion from the State Engineer prior to drilling to a depth 
significantly beyond 2000 feet, i.e., to a depth 
requiring changes or additions to the Plan of Operations 
submitted to the State Engineer, or posing a threat to 
the safety of personnel or the structural integrity of 
the well. 

6. The applicant must notify the Division of Water Rights 
at least 24 hours prior to 1) the commencement of drilling, 
and 2) testing the BOP equipment and the surface casing, so 
that a representative may be on site for the inspections. 
The applicant must also notify the Division prior to testing 
the well for flow or resource characteristics so that a 
representative of the Division may observe the test. 

7. The casing shall be installed according to the schedule 
in the plan of operations in the request to drill, 
summarized as follows: 

A. The conductor casing (20 inch) shall be installed 
to a depth of 60-120 feet arid the annular space shall be 
cemented back solid to the surface. 

B. The surface casing (13 3/8 inch) shall be set to a 
depth of 400-900 feet and cemented back to 
the surface. Blow-out prevention equipment shall be 
installed and tested before drilling further. 

C. The well may be drilled open-hole below the surface 
casing. 

Any variances from the Plan of Operations must be 
approved by the State Engineer prior to their implement
ation. 

8. The BOP Equipment and the surface casing shall be 
pressure tested in accordance with federal regulations as 
contained in Federal GRO Order No. 2. The applicant 
shall notify the Division prior to the test so that a 
representative of the Division may witness the test. 
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9. Mud return temperatures shall be monitored and recorded 
at least with the addition of each new drill pipe, or 30 
feet, whichever is less. If the return temperatures 
reach 125 degrees Fahrenheit before the surface casing 
has been set, drilling shall cease immediately until 
casing has been set and/or BOP equipment has been in
stalled and successfully tested. 

10. The driller shall take all necessary precautions to pre
vent fires, blow-outs, or others hazards and to conduct 
all activities in a safe and workmanlike manner. The 
driller shall be prepared with proper equipment and 
drilling techniques to handle either artesian or thermal 
pressure, or both, particularly in the bedrock layers 
which apparently form the reservoir matrix; The driller 
shall utilize such equipment as is necessary to contain 
the well at any stage, whether above or within, the bed
rock layer. Appropriate H2S warning devices shall be 
utilized during all drilling and testing operations, and 
personnel shall be instructed in proper emergency proced
ures and the use of emergency equipment. 

11. The applicant shall provide for proper and safe disposal 
of any geothermal fluids produced during the drilling or 
testing of the well. Plans for disposal pits or other 
facilities must be approved by the State Engineer prior 
to the commencement of testing. No more water may be 
diverted from any of the wells than is necessary to con
duct the tests associated with drilling. Any extended 
flow test to determine the production capabilities of the 
well must be approved in writing by the State Engineer 
prior to the commencement of testing. 

12. In case of any emergency, the applicant shall 
immediately notify the Division at one of the numbers 
listed below: 

Gerald Stoker 
John Solum 
Kent Jones 

(801) 
(801) 
(801) 

Work 
586-4231 
538-7406 
538-7405 

Home 

(801) 546-1979 
(801) 561-9901 

It is the responsibility of the applicant to notify the 
Division. 

13. The applicant shall submit to the Division all drilling 
reports and logs at the completion of drilling, and 
geologic data, chemical analyses, and test results at 
the completion of testing or earlier if the State 
Engineer determines that the information is necessary 
for immediate decisions regarding the management of 
the resource. This information will, at the request of 
the applicant, be held confidential until it is 
released by the applicant. 



This is permission for the licensed driller to begin drilling the geothermal 
test well. Note that the expiration date of this letter is May 5, 1989. 

Please notify Gerald Stoker, the Area Engineer, at 586-4231 or John Solum, at 
538-7406 prior to the commencement of drilling operations so that a 
representative of the Division may be on site when drilling is begun. 

This is not permission for you to develop a final test well to be used for 
production purposes, but is only intended to develop sufficient information to 
determine if a likely geothermal resource is available in the area. It is the 
responsibility of the applicant to obtain proper water rights and other 
necessary permits. 

Yours very truly, 

-4£P^ 
Kent'Jonii, P.t. 
Directing Appropriations Engineer 

KLJ:JS:rc 

cc: Gerald W. Stoker 
Jerry Bronicel 
Delano Development Company 
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P88-lA(Clara) 1 
Daily field cost estimate summary 
JCH 3/23/89 

Dale Dally Cost 
Prior to 2/1/69: 

2/1/99 1 3242.00 
2/2/89 1 660.37 
2/3/69 
2/4/89 
2/5/89 
2/6/89 
2./7/89 
2/8/89 
2/9/89 
2/10/89 
2 / n / 8 9 
2/12/89 
2/13/89 
2/14/89 
2/15/89 
2/16/89 
2/17/89 
2/18/89 
2/19/89 
2/20./89 
2/21/89 
2/22/89 
2/23/89 
2/24/89 
2/25/89 
2/26/89 
2/27/89 
2/28/89 
3/1/89 
3/2/89 
3/3/89 
3/4/89 
3/5/89 
3/6/89 
3/7/89 
3/8/89 
3/9/89 
3/10/89 
3/11/89 
3/12/89 
3/13/89 
3/14/89 
3/15/89 
3/16/89 

745.50 

1655,43 
1314.00 
1378.00 
3882.73 
4646.50 
7521.40 
2382.00 
1250,00 

5901.81 
8295.63 
4411.56 
5175.00 
1500.00 
3599.10 
,3614.00 
1850.00 
8719.60 
10203.81 
2412.50 
6095.30 
14391.02 
25099.00 
6616.00 
8444.00 
9805.31 
13724.01 
3280.31 
2570.00 
2360-00 

Cum Cost 
65.712 
68.954 
69.614 
70.360 
70.360 
70.360 

• 70.360 
70.360 
70.360 
70.360 
70.360 
70.360 
70.360 
72.015 
73.329 
74.707 
78.590 
83.237 
90.758 
93.140 
94.390 
94.390 
94.390 
94.390 
100,292 
103.587 
112.999 
118.174 
119.674 
123.273 
126,887 
128.737 
137.457 
147.660 
150.073 
156.168 
170.559 
195.658 
202.274 
210.718 
220.524 
234.248 
237.528 
240,098 

$242,458 

Comments 
WH.CSq 

StartriqdawnonPS8-2 

Building location 

set/cmt conductor, move rig 

• 

Drillinq 26" hole 
cmt 20" csfl, partKJ 

Start riiiiiwn for move 10'M 
rathole driller: cond. rh. mh 
skid rig 
big snffw 

drlq26"holeonP88-1A 
cmt 20" esq, NU 
start drlg 17 1/2" 

run/cmt 13 3/8 esq 
NU 12" stack 
drlg 12 1/4" 

Start ricjjown 
moving rig 
rig moved to yard 
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