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COMPLETION REPORT FOR 

S-89-1 
Sulphurdale, Utah 

I- ABSTRACT 

A geothermal exploratory "slim hole" designated S-89-1 was 
drilled on Fee land control le;d by Mother Earth Industries, 
Inc. between the dates o-f May 8 and May 26, 19659. The well 
is 3261 -ft. south aind 509 -ft. east o-f the northwest corner 
o-f Section 7, T26S, R6W, SLB&M. 

A-fter penetrating approximately 120 -feet o-f acid leached 
alluvial materials and bedrocks typical o-f the local Sulphur 
Pit the well €-;ncouritered a landslide block containing highly 
altered and fractured rocks o-f the upper portion o-f the 
Thrc-;e Creeks Tu-f-f member o-f the Bullion Can-yon Volcanic 
sei•- ;i. es (Maore and Sa.mberg , 1979) and rocks thought to be the 
W a 1 e s C a r-i y o n F o r m a t ion. A s i g fi i -f i c a n t -flow- o -f s t earn w a s 
ei'ncountered .at a depth of £386 feet within a white 
metasandstone or quartzite (Coconino Formation) and the well 
was drilled, in this formation, to a tota\l depth of 1041 
feet KB. 

Ti-ie pI-• i me c: oI'l t r ac; t or for the well was S i e r r a D r i 11 i n g 
Company; surveys were done by Sunrise Engineering, Inc. of 
F-'illmore, Utah; Saxfety Services were provided by Bell Safety 
of Elvanston, Wyoming; wellsite geological supervision was by 
Geothermal Msinagement Company, Inc. of E'vergreen, Colorado; 
and petrographic examination of drill cuttings was done by 
Joseph Moore of Salt Lake City, Utah. All othe?r activities 
were c o n d u c: t e d LD y M o t her E a r" t h I n d ui s t r i e s , Inc. 
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11 LOCAT I_ON 

This report pertains to MEI exploratory slim hole S f39 1 
1 o c a. t e d n e a r -S u 1 p hi u r d ai 1 e?, in B e a v e r Co \.\ n t y , Utah w i t h i n t h e 
C o V e F-~ o r t -- S u 1 p h u r d a l e K 6 FA A. 

Specifically, the' well is on ME" I controlled fee land 
a |::) p r o;-; i m e t e 1 y 3261 f e e t s o u t h and 5 0 9 feet eo a s t o f t h e 
northwest corner of Section 7, T26S, R6W, SLBS-:M. It is about 
14-30 feet from well 34--7A (Linda) and about 565 feet from 
the nejarest previously drilled production well r-'-'-88-2 
(Loretta). 

F-"igure 1 depicts the location of the well relative to the 
section corner; Plate I (in the pocket) is a. survey plat of 
the ent i r e MEI product i on area... 
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III- WELL DRILLING AND CONSTRUCTION HISTORY 

In order to cost-ef f ect. i vel y search for extensions of the 
dry s t e a m g e o t h e r m a 1 r e s o u r- c e disc o v e r e d t o d a t e , 
exploratory well S £19-1 was drilled in a "slim hole" 
conf i gurat i on as foilows: 

On Ma-y 12, 1989, 2'0" conductor casing was set to 10 feet 
below ground level and fA'edi-Mix cemented. On May 13, 1989 
during attempts to drill out of the conductor, circulation 
was lost and the casing bond to the ground wa<s broke^n. 
Following repairs to several key rig p)arts, conductor • ca-si ng 
was reset and cemented on May 17, 1989.- On May 20 and 21, 
1 989 , the well was d r i 1 1 ed t o 136 ' F̂:;B af t er which 13.375"-
surface casing was set and cemented by Dowel I/Schlumberger 
using a high temperature geothermal mix. On May 22 and 23, 
the well was drilled to 410'kB at which depth 7 " production 
casing was run and cemented. On May 25, the well was drilled 
to a total depth of 1041'F^B with the first steam 6?ntry 
logged at 886'F^B, Note; F-::B - Ground Level plus 10 feet. 

A drilling history, describing daily events between May 8 
and May 26, 1989, drilling activity sheets, tour reports, 
and a pipe tall-/ accompany this document as Appendix A. 
Figure 2 is a profile of the well as completed; F'~igu.re 3 is 
a drilling curve showing the rate of drilling progress, and 
Figure 4 show's the Blowout F"'reventer stack used on the 7" 
casing. Appendix' B., attacheed, is MEI's be-isic drilling 
procedure developed for slim exploratory wells. Appendix F 
comprises -thê  geolograph charts that depict the? drilling 
rate from 20'F<B to 1020'F<B (20 short of the total depth). 

t -• 
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Iv.._ GEOLOGY 

The Cove F-ort-Sul phurdal e region, in southwestern Utah, 
comprises folded and faulted sedimentary and metasedimentary 
rocks of F--'aleozoi c to Mesozoic age thatt a r e overlain, 
sequentially, by Oligocene to Miocene age ash-flow tuffs and' 
Quaternary basalts. All of the rocks except the basalts have 
been intruded locally by Miocene quartz monzonite and/or 
latite porphyry stocks, sills, and dikes. 

The rocks penetrated in S~89-l comprise breccias and ash-
flow tuffs, reworked and hydrothermal1y altered to varying 
extents, that have been designated as the Three Creeks Tuff 
Member of the Eriullion Canyon Volcanics (one of . the oldest of 
the local volcanic units). The Three Creejks Tuff has three 
distinct zones: an upper and a lower zone of red to grey 
densely welded tuff and a middle zone of poorly welded white-
tuff. Only the lower zone of the Three Creeks Tuff has been 
mappesd in the Cove? Fort area of interest. 

This lowermost zone of the Three Creeks Tuff has been 
further subdivide^d into two cooling units. The? uppe?r unit is 
charactt^rized by euhedral plates of biotite up to several 
millimeters wide and euhedral (beta morphology) quartz 
crystals while the rocks of the? lower cooling unit a re 
mi ne r a l og i c::ally the same but much f i. ner qrai ned . 1"I-ie lowsr 
unit (tentatively renamed the Wales Canyon Formation) is 
found in S-89~l at a depth of about 640 feet. 

S -- 8 9 - 1 in i t i a 11 y f:) e n e t r a t e d appro;-; i m a t e 1 y 12 C'' F̂:: B o f 
alluvium, colluvium, leeached, silicified, and variably 
pyritized Three CrG-;e;ks Tuff (Tbt) that is typical of the 
mate^rials found in the main Sulphur Pit. F'-'rom 120 to 220 ' F'̂B, 
a zone of reworked Tbt, possibly created along a laindslide 
m o V e n-i e n t p 1 a n e , w a s p e n e t r a t. e d . T h i s z o n e w a s c Fi a r a c t e r i z e d 
by accumulations of Tbt phenocrysts without the normal rock 
matri x. 

Below 220'F<B, S-89-1 transected variably fractured, 
foresee i ate? d, p'/ri'tic and altered (argillic and silic^ic) light 
g r e y t o nie c:l i i..t m g i" e> y t o cj r e e n -- g r e y T b t . T h e m i fi e r a 1 o g i c a 1 1 y 
similiar Wales Canyon Fm was found at 64-0'F<B. Commonly, the 
textures of the .Tbt and of the Wales Canyon rocks were 80-
100°/. otal i te'ratesd by alteration. 

I 



A t 84E) •• F-:;B , t he we 1 1 encoLtn t e r e d a white, vi t reoa.s , 
f r a. r t u r e d , p y r i t i cr. p r e - - T e i--1 i a r y age m e t a s a n d s t o n e a r 
quartzite thought to be the Coconino F-"mi. Steami wa-s 'first 
noticed ne?ar tF'ie c on-t ac t, but the? first significan-t en-try-
was at 8B6'F:::B. The steam volume increased as major fractures 
ware penetrated at 924 and 984'F(B. 

T 

A11 a. c h e? d , a s A p p e n d i ;-; 
d f- i 1 1 c: u 11 i n cj s f r o m 
i n t e r f:i r e t. i v e c o m m e fi t s . 

thi • 

a petrographic description of 
well together with some 
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V. PERMITS 

Be^cause well E5~-89-l was drille?d on privately owned land and 
not o n F e d e-) r a 1 p i- o p e r t y , the permitting r e q u i r e d w a s 
mini mail. Attacht?d as Appendix D .is a cop'y of the relevant 
permit from the? Utah Division of Water R6?sourc6?5 (UDWF'O. 
Archeological clesarance for the well was qive?n as a result 
of studies eM'icompa.-ssi ng tF'ie whole prospect area, that were 
p r e V i ous 1 y ac c c:)mp 1 i sh e?d an d d oc umen t ed . Wh en t h e BOF' st ac V. 
on S-89-1 was pressure te?sted in accordance î iith S-tate? 
regulations, the test was witnessed and approved by UDWR 
re?prese?nti ti ve? John Solum. 

SUMMARY COST ESTIMATE 

Attached to this report as Appendix E is a "Field Cost 
Elstimate?" -for the-? drilling of S--H9~1. The costs a re higher 
than ave-;rage for a slim hole because: 1) problems were 
encountered while3 drilling and cementing -the? 20" conductor 
casing and, 2) 400'of 7" production cashing, rathe?r than, a 
lesse?r amount, v-jas set for the sake of saf6?ty in the 
relatively altered rocks in the uppe?r part of the hole. 
TFiese? changes resulted in increased rig time, cemen't 
utilization, and casing charges so that the approximate cost 
per foot of S-S9-1 was $71.72. 
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DRILLING HISTORY 

S-B9-1 

- c::̂  .„. c:̂  Q 

0 /'00 1700 E:egin mobilization, miscellaneous repairs and 
clean-up. 

•V H Y 
0F>(-jj-;j 2000 Begin subbase construction, more repairs and 

clean--up. 

• 10 -89 
0 8 0 0 1000 F'i X h y d r a u l i e 1 i n e s , ' r a i s e - d e r r i ch 

r i g - u . p . 
. conti nue 

-11-89 
0900 i:400 Unload drill pipe and miscellaneous equipment 

pressure check lines and hoses, gather subs, 
valves, and bits, install geolograph. 

•12--89 
0800 

i ('x:')!;) -
1330 -
1500 -
1630 

1B15 

1000 Bel 1 Sa-fet 
HsS course ' 

13 3 C> C o n t; i n u e r 1 c 

:y hand F-'. Murphy ofi site and gave 

•: o 6 dr i .11 h a.\'\d s ... 
I-up. 

1500 Weld sub to 26.25" bit and MU BF-IA. 
,1.630 Spud hole and drill to 20' V-.Yi. 
- lEiSlS F-'OQH. F-'U 20" line pipe conductor casing and 

set at 10' GL. 
•- 1835 Carling F^edimix on site with 1.. 5 Cu,: Yds, 

Class A cement» CIP at 1835. 
- 2400 WOC, Continue :riq-up, MU mud drain, set up 

1 i CJ Fl t s , h .a n g g e o 1 o g r a p ,h w i r" e , i- i q t o n g c a ta 1 e „ 
F'.: e 1 e a s e c r e? wi. 

-13-89 
0800 

1205 -
1230 -

i355 

1430 -
1530 
1615 
1630 
1630 -
lf;i30 

- 1205 F;ig up, cut off conductor, pr.epare.- to DO 
ceinerit, 

12-30 Drill out cfoment. 
1355 Lost circulation around c.asing. Try be?ntonitG 

and LCM patch. No luck, 
• 1430 Drill with air/foam, Hughes 17.5" mill tooth 

b i t. 
1 5 0 0 F i ;-; f r i, c 't i o r-i c: 1 u -t c-: h . 

S a m p l e a t 4 0 ' F-::B. 

F--'!elly d o w n a t 5 3 ' K B . 
F-'OOF-L 20" casing loose and rotating, 

1830 Try to break subs. 'Wrong tools on site?. 
2000 RIH with collar # 1 , tag 7' of fill, POOH., MU 

F<elly. RIH. F-̂:ig clutch failed. Remove? clutch, 
shut doCJn pe?nd :J. I'lq r e?pai. r s. 
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08CiO 

^ 5 - 1 5 - 8 9 
0 0 0 0 

...J .1. Cl LJ 7 

1000 

5 ] 7 go 
0800 
1100 
1300 

1430 
1600 
1645 

5-18--E!9 
0900 
1 100 
133(j 
1430 

5 -19--B9 
( ) 'r) ( t C'l 

16 -i' j 

600 F̂ epai rs , rig up and c 1 ean-up 

:400 Day off for crews. 

1E) 0 0 R e u a i r s ci ri D U m p =;; a n d c 1 i,.i t c h , 

1100 Install and adjust clutch.-
1300 Fvamove 20" conductor. 
1430 Build 2" skirts on 26" bit and drill to 

FCB. 
1600 PU 27' of 20" casinq and F̂ IH. 
1645 Cement 20" with Redimix. CIP at 1645, 
1 8 0 Ci W 0 C.. C o |- i -L: 3. ri L.i e r j. g -• u p , 

1100 Cut off 20" conductor. 
1330 Weld on flow nipple, set . Dresser sleesve. 
1430 MU 17.5" Reed mi 11 tooth hit and BHA. 
1830 Miscellaneous rig repairs and riq-up. 

1630 Made and welded on F-tand rails. 
1E!?00 Wait for new light plant from SLC. Wrong typf 

arrivedn return it and wait for replacement. 

p; 20~-£)9 
0700 

. 1200 
1400 
1 600 
1 7C>0 
200rj 
2330 

1200 -Install new liqF-it plant, make mud, circulate 
1400 Drill ahead 22' Fi:B to .39'F;:B. 
1600 Repair pump., 
-1700 DA 39'--46'F<B. 
2000 DA 46'--76'F:::B. 
2230 Repair pump. 
2400 DA 76'--106'KB. 

('>000 -
01C)0 ' -
0 1 3 0 -
0 2 0 0 -
0 3 0 0 -
0 '700 -

OEiOO 

1 3 3 0 -

1 4 3 0 -
2 0 0 ( j -

0 1 0 0 DA 1 0 6 ' - 1 2 8 ' F ; : B . 
0 1 3 0 P r i m e p u m p s wF-ien mud a e r i a t e ? d s p o n t a r - i e ? a u s l y . 
0 2 0 0 DA 1 2 S ' - 1 3 6 ' F < B „ TD f o r 1 3 . 3 7 5 " c a s i n q , 
0 3 0 0 S h o r t t r i p . 
0 7 0 0 C i r c u l a t e , c o n d i t i o n h o l e f o r 13., 3 ' 75" c a s i n g , 
0 8 0 0 F'OOF-I a t 1 3 6 ' F : : : B . L o c a t e c a s i n g e q u i piTit?nt, 
-- 1 3 3 0 Run a n d s e t 1 3 3 ' of 6 8 t t / F t . , F<-55 , BT?<C 

1 / ' . 3 "/ 5 " c a s i |-i g . 
14 -3 C) D o w e 1 1 / Ê  c F "i 1 u m b e-? r g e r i n t o c e? m e n t w i t h C1 a s s A 

g e o -t h e r m a 1 c e m e? n t. 
2000 Wnn„ Clean equipment, FiU flow line, 
2400 Finish flowline, RIH 12,25" mi 11 tooth bit. 



0130 -
OSOO 
1800 • 
2000 -
--> -t Tr-< 
.ul. .L ..,:•(..' 

5--23-89 
C* 0 0 0 

0230 -
A/1 --?r--; 
^J *-i j;......' 

0800 

5-24-89 
0000 • 
0700 

0000 — 0130 Drill 13' of cem&n-b and into formation at 
136'KB, 

0800 DA 136' 270'I^B« 
1800 DA 270:-410"KB, TD for 7" casinq. 
2000 F'QOF-L ' • . 
2130 RIH. No fill, circulate and. condition, POOH, 
2400 Rig up to run 7" casing. 

-.0230 Run and set 7" -2S#/Ft,,K 55, BT?^C casing at 
•410'KB, 

0425 D/S in to cement casing, CIF-' at 0425. 
0800 WOC. Clean-up and mai ntai nai-ice duties, 
- 2400 Cut off casings, MU BOP stack. Water swivel 

a.-sse?mbly broke so no pre?ssure -test po'risible. 

0 7 0 0 t-; i Cl r e? p a i r s .a .'"i d m a i n t a i r'l a n c e.' 
1115 Water swivel repaired. Prepare to pressure? 
•test BOPE, 

1115 — 1300 Continue small pre-'test preptarat i ons. 
1300 - 1845 F'ive 600 F-'SI pressure tests; tried and failed 

due .to small leaks at flanges and at swivel. 
1845 J.Eiolum, Utah State Division of Water accepts 

results of test with 760 f-'SI leaking to 740 
f-'SI in 15 minute:3. 

1845 - 1915 RIH with 6.25" mi 1 1 tooth bit,. 
1950 2400 Drill cement, 

:v-25-89 
0000 - 0345 Drill out cement. Drill formation 4i0--416'KB. 

Survey No. 1 — C5.5 degree deviation. 
0345 - 0630 DA 416'-511'KB. (30'/hr. average), ' 
0630 - 0810 DA 511'-560'KB. 
0810 - 0920 DA 560 '-608;?' KB, 
0920 - 1030 DA 603 '-665 ' F<B, (>60'/hr.). 
1030 - 1230 DA 665' 701', Survey Mo, 2 :-• 2 degree devi a 

tion. 5 ppm H-̂ S detected, 
1230 -- 1310 DA 701'--710' F-:;B. Air/foam temperature llOF, 
;i3i0 _ 1330 DA 710 '-'730 ' F-3. 
1330 - 1500 DA 730'-790 ' F::;B, Air/foam temperature 120F, 
15 0 0 - 1615 D A 7 9 0 '-886' K B • F i_r s_t__s t_earn entry« A i r / f o a m 

te?mperature lEBOF'-̂'. 
1615 - 1750 DA 886'-924'KB. Major fracture at 924'KB. 
1750 - 1800 DA 925'-947'KB. 
ISOO - 2020 DA 947'-1041 ' F:::B. Rotating head rubber wearing 

out. F'OOH. F̂ ele?ase mosj-t: of cr6?w. 
2020 - 2400 Flow well full bore. 



>0 F l o w w e l l f u l l b o r e ( w i t h s u p e r v i s i o n ) . 
S h u t i n w e l l u s i n g f l o w l i n e v a l v e ; l e a v i n g 

sff ial 1 s t e a m b l e e d , Re lea ise r e s t o f c r e w f o r 
M o i f i o r i a l Day h o l i d a y . 
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'̂ Zpp'ZpZP'iZf'-t- ZẐ  • ZZ^PiPi^PPPPPm^ptMZ7^'' ' '^ZZS^^ •. • 
- •-' Vi.- :x.^: .x- \ :x -••- ' . r?*-"-'-. v-x-'?-vi:v. 

ftSSfr^V'••-.-• ft^^p^;^%€R;/ :̂'̂  
i-^'-^:>i!rjS'-^^-':'"^:.''"!*>;^-^. -' 

•'.•-1 

OI 

O 

"P*. - .I'.'Xi. • 



-vfe^. r X ^ 

V 

• I 

•! \ Z • 

:0: 

j i . 

- V,..,-- v ; . 

: < ' - ^ i 

7̂ Jai^l ''.l;, ,3 ' i . 

fV 

I/* 
ill 

S' ^ 

2i: 

I -'. < 

i 



at 

\ } • - • ; 

I 
/ > 

i C ) 

y 

«? 

^ i 
.v/' 

' • . . ^ ; 

— i 

.a 5 

3 <*! ̂ : .3 

•drt<^P -1. 
, . ' ULl 
• - r : ! v^-1 
• ' • / — j 

• ^^ X. 

! ~~{i !.li..>i 

PPO-

I •• I J ! . 1 — • 

•ri. 

— J . . 

) < 

- ' ! 

q I •: 

- i — •1 ^ 

T,-., ,39 11:34 P Oi 

A 

1 
I I 

J . . J . i_ J-J_L 

A, -

-,1 

- > , -

V 



iTif^RILLING ACTIVITY LOO _>V 
rTlMc\)EP.THi N.AME i 

W^OP. L 

COM'MENfS 
H r ^ 

h-

i20t>i 

\OA^oc(d...P^iz.^\.O.fl L ^ i s u i s , r/fp>S i-^i^^S ...] 

^f;»ul- Tft«,|.:r n ^ - O r l l l _wl-Kk - IT/^. X . ^ ^ ; 
.i/oLlvrcLjyt-_-. _ _ - ._ __ _. . ,. .1 

r—-

--.-I 

OI 

O 

- . ^ ^ " ^ \ p 4 ^ ' ' ^ >^^^^s^ ^\<i p ' ^ ' ~ -^-> :• >5*''^"-^'^•^-v'-"-'^'-^^ 
. W tH U .V 

« ' t ^ js.p-i 1 . ^ ^feiMv,MS*••*'• • " " ' — 



x.rx raiLLING ACT'VITYLv:.; VP 
[Tlh-'OEPYH! NAME l 

O A V P t l J 
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'Slim Hole" Drilling Program 

Objective; Dnll/Cornplete exploratory hole to ±1500' TD and evaluate 
formation. Conductor casing 13 3/8" set at ±40-120", surface 
casing set at ±250'-400", 6 1/-^" open hole to 1500' or producing 

formation. 

Prepared by: Jay C. Hauth, July 1Q88 
Version 2: October, 1988 
Version 3: April, 1989, 



Sequence of O p e r a t i o n s 

i. Construct location and sump per rig requirements. 

Z lilRU rotary drilling rig. 

3, Mix spud mud per attached drilling fluids program 
3 A T ^ * - ! /1 Z4P'/^ " k c (<• •f'^ 2.0 'A^< /u . ^<y^ / A A ' ^ • 

4 Spud well with 17 1.''2" bit and drill to ±40-120". Run and cement 13 
3/8" conductor per attached cementing program, Optionally, run 12" OD X 
.375" wall ASTM A53 gr B, seamless or ERW pipe, w/butt weld ends. 
Optifjnally, Install master valve and rotating head w/ 6" flowline per 
attached drawing, per supervision/geology direction. Note requirement for 
±50' handv/heel extension with optional master valve. 

5. Visually inspect and note on Tour Sheet whether all drill pipe is white 
banded, specifying that it meets AAODC k\>\ Class II inspection as to the 
following: 

1. Electromagnetic inspection of tubes (Sconoscope or Scanalog) 
2. Wall thickness and cross-sectional area (Ultrasonic or gamma ray) 
3. Tool j t inspection (electronic or mag particle) 

Also check to see that all drill collar connections have been mag particle 
inspected and that all bottom hole assemblies have been magnafluxed prior 
to delivery. Note condition on Tour Sheet. Ensure that 7" casing is on 
location arKJ in position to run. Ensure all casing accessories, wellhead 
equipment, and circulating head are on hand. 

6. RIH with 9 7/8" bit and drill with mud to ±250'-400, depending on 
geology. Remove thread protectors, clean threads, drift and measure casing 
while drilling surface hole. Measure KB height and log on Tour Sheet. After 
casing point has been selected, dril l any additional hole that might be 
required so that casing can be landed within V of bottom, and st i l l space out 
correctly on surface. Maintain hole as straight as possible while drilling. 
Take drift shots every 100-200". Run maximum reading thermometer on 
each survey. Maximum angle at TD A degrees or less. Maximum rate of 
change 1 degree per 100'. Monitor and record flow line temperatures every 
hour. Catch 2 sets of formation samples every 10". 

7. Upon reaching desired depth, circulate and condition mud until shaker 
screen is clean and viscosity is less than 45 sec/qt. Make wiper trip. Check 
for f i l l . If hole is in good condition, circulate bottoms up, POOH, and 
laydov/n 9 7/8" drilling assembly. If tight hole v/as encountered on wiper 



trip, then make another wiper trip. It may also be necessary to further 
condition mud. 

8. Rfg up and run 7" casing to TD, per attached casing program. Run In hole 
slowly to avoid breaking down formation and losing circulation. Circulate 
past any bridges encountered. Use proper makeup torque on casing, and 
geothermal casing dope on threads. 

9. Once casing has been run to TD, circulate hole clean, while reciprocating 
casing, with at least two full circulations. Circulate until hole is clean, 
mud is in good shape, and viscosity is less than 45 sec/qt. Check bottoms 
up time to be sure mud is not channeling. 

10. When mud is in good shape, cement casing as per attached cement 
program. Monitor and record cement data to assure adherence to cmt. 
program. Catch cement samples. If possible, reciprocate casing while 
pumping cement. Land casing approximately I* off bottom. Center casing In 
rotary table. 

11. WOC 8 hrs. (check samples to determine if additional time is req'd) 
Monitor cement in annulus. If it falls back, bring it back to surface with I" 
pipe. 

12. Land and cut off 7" casing. Weld on 7"'x 300 SR Starter flange. Test 
between welds. Check with level to be sure flange is on correctly. Callout 
surveyors to survey casing head location. 

13. Make sure that BOP equipment has been Inspected by the manufacturer 
or an authorized agent prior to arrival and that all equipment Is proper and 
in good shape on delivery. Nipple up BOP equipment per attachment. Test 7" 
casing and BOP equipment to 500 psl with BLM representative present to 
witness. Log test data and request BLM witness to sign name and successful 
test completion on Tour Sheet. 

14. Trip in hole with 6 1/4" mill tooth bit and tag cement. Log top of 
cement on Tour Sheet. Drill out baffle plate, cement and float shoe from 7" 
csg with spud mud. Drill 10' of formation and then trip to pick up button bit 
or hammer/hammer bit. If the decision is made to air dri l l , run float in bit 
sub and unload mud out of hole with air on the trip back in. If the decision 
is made to dril l with mud, then displace the spud rnud out of the hole with 
the gel/water/polymer system when you reach bottom with bit. See 
attached mud system details. 



l̂  

15. Drill 6 1/4" hole with air, foam, or mud to 1500', or until producing 
formation Is encountered. Test formations per engineer's direction, log per 
permit and engineer/geologist requirements. Operate BOP on each trip out 
of hole and log on Tour Sheet. Ensure accumulator is holding pressure. 

16. Upon reaching TD, circulate hole clean, laydown drill string, ND BOPs, 
clean location and release rig. 

17. Submit all reports as required by regulator7 agencies. 



Dr i l l ing Fluids Program 

17 1/2" and 9 7/8 " surface hole. 0- ±250'-400' 

Mud System; Gel, lime, water, LCM (Spud Mud) 

Mix 15-20 Lb/Bbl bentonite in fresh water. Flocculate with lime. 

Weight: As low as possible with mechanical solids control equipment 

Viscosity: 45-55 sec/qt or as needed to clean hole 

Water loss; No control 

Total hardness: No control 

pH: Mix lime through chemical barrel to maintain 9.5-10.5 pH 
Comments: Lost circulation through this interval is possible. No formation 
pressures are anticipated. Keep plastic viscosity down and yield point up. 
Run solids control equipment continuously. Break circulation slowly and 
trip slowly. Use Desco to thin mud if necessary. 

6 1/4" Hole. ±250'/400'- TD 

Mud system: Polymer, gel, soda ash, Desco, high temp thinner. Drill out 
cemient with Spud Mud and then dump Spud Mud. Build new system. Mud up in 
clean steel pits by mixing, with fresh water, 1/2 Ib/bbl caustic soda and a 
ratio of 8 bentonite to 1 Drispac regular. Mix bentonite first and then 
slowly add (30 min/sk) Drispac. (Substitute a high molecular weight 
anionic liquid polymer such as Magcobar Rapid Mud for Drispac if so desired) 

Weight: As low as practical with water and mechanical solids control 
equipment. 

Viscosity: 38-45 sec/qt with bentonite and Drispac (8:1 ratio of 
bentonit.e:Drispac) Stay on this ratio to maintain viscosity after Mud-up. 

Water Loss: No control 

Total Hardness: Below 300 ppm with soda ash. 



pH; 9.5-10.5 

Rheology: Control flow properties at reasonable levels with Desco thinner. 
If downhole temperatures increase to where Desco Is not effective, then use 
high temp thinner 

Torque, Drag, Hole Stability, and high temp lubricant: Add 2 ppb Soltex 
additive as necesary. 

Lost Circulation (surface to TD): Methods to be used as follows: 
1. Lost circulation materials such as nut plug, cotton seed hulls, saw dust, 
medium Kwik-Seal, etc. 
2. Gunk Squeezes 
3. Cement 
4. Lighter-than-water drilling fluids 

Abnormal Presure: Weight material (barite) should be on location at all 
times. 

Corrosion: Add corrosion Inhibitors such as oxygen scavengers or scaling 
amines to control corrosion. 

Stable Foam Make-up: 
Mix 1 /2 -2 ppb Drispac in water 
I -2 ppb soda ash 
5-10% foamer just before use (use alpha olefin sulfonate for high temp 
foamer) 
Air-Mud ratio required = 100:1 to 300:1 

Special considerations: ..-^ 
1. Dri 11 ing recorder to monitor rate of penetration 
2. Catch dril l cutting samples (2 sets) every 10', cleaned, sacked, and 
labeled In accordance with geologist direction. Collect samples every 5' on 
conductor. 
3. All lost circulation zones encountered shall be recorded in Tour book, 
recording both the depth at which the loss occurred, as well as amount and 
rate of fluid lost. 
4. In and Out temperatures, both mud and air, shall be recorded in Tour book 
evet7 hour. 
5. Temperatures should be taken with every directional survey by running a 
maximum registering thermometer In the survey Instrument. 



Casing P r o g r a m 

Conductor casing: ±40-120' 13 3/8" 61 ppf J-55 BT&C in 17 1/2" hole 
Optional: ^ ±40-120' 12" OD X .375" wall ASTM A53 grB, seamless or 
ERW pipe, w/butt weld ends. In 17 1 I T hole. 

Surface Casing: ±250'-400' x 7" J-55 20 ppf ST&C Range 2 Casing 

Torque: 3200 ft-lbs 

Drift ID: 6.331" 

Strength ratings: 
Yield - 2992 psi 
Collapse - 1816 psi 
Tension - 187,200 lb 

Accessories: 

Float equipment: flapper type conventional float shoe on bottom of string 
and baffle plate installed one j t up from bottom 

Centrallzers: 2 centrallzers Installed in the middle of the bottom 2 jts (7" 
X 9 7/8" bow type) 

Wellhead equipment: 7" x 300 SR SOW starter flange for wellhead. 300 SR 
gate valve for master valve. 

Notes; 

- Tack weld shoe, also top and bottom of couplings on bottom three j ts 
- Lower casing In hole slowly to avoid formation breakdown and lost circ. 
- Use geothermal grade thread dope on casing threads 



Cementing program 

±250'-400 X 9 7/8" hole x 7" casing surface Job 

Slurry description: API Class "G" or "H" cement mixed with 5.0 gal/sk water 

Requires: .2301 sk/linear ft in 9 7/8" annulus 

Slurry wt: 15.8 lbs/gal or 118 Ibs/cu. ft. 

Yield: 1.15 cu.f t./sk 

V/ater requirement: 5.0 gal/sk or 0.67 cu.ft./sk 

Pump time; 1-2 hrs 

24 compressive strength: 2915 psi 

7" J-55 20 ppf ST&C casing displacement= .0404 bbl/linear ft or .2273 
cu.ft./linear ft. 

Note: calculate cement job with 100% excess in open hole; 50% in cased hole 
Is OK. 



H2S Safety 

The H2S safety company wi l 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 
wi l l be rigged up prior to spudding the hole, and the safety man wi l l be 
available on location no later than drilling out the production casing. 

In all matters of safety, the H2S safety man has the FINAL WORD on 
procedures. NO DRILLING OPERATIONS SHALL BE CONDUCTED CONTRARY TO 
THE H2S SAFETY MAN'S DIRECTION. NO EXCEPTIONS. 

H2S monitors wi l 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 wi l l be installed as to be visible from various areas of location. 
An H2S Vi/arning sign (with green/yellow/red Vv'arning 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 allow safe briefing in any wind condition. Emergency 
breathing equipment (5 mln. and working-size Scott Air Packs; workline 
hose; high-pressure air bottles In safety trailer, etc.) wil l be available. 

Prior to spud, all rig personnel shall successfully complete an H2S 
training/certification course presented by the safety man. This wi l l 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 wi l l have procedural update 
briefings, safety meetings, etc., as needed. 



H2S ALARM PROCEDURE 
POST PROMINENTLY IN DOGHOUSE 

IN CASE OF H2S ALARM: 

1. MASK UP WITH ESCAPE UNIT 

2. GO IMMEDIATELY TO THE UPWIND BRIEFING 
AREA 

NO EXCEPTIONS UNLESS DIRECTED BY H2S 
SAFETY MAN ON LOCATION 



Blowout P r e v e n t e r De ta i l s ; 7" casing 

8"" 900* rotating head 
w i th diverter 

Double Hydraulic ram BOP 
6" 900*^ 
1-C50 
1- Dril lpipe 

Choke & K i l l spool 
1 valved outlet; 
1 valve and check 

8" 300* RF Gate valve 
1 100 psi test; 680 psi 
@ 300 F V/GG 

Ground Level 

(X> 

6" f lowline 

TD 

7" Casing head 

JCH 9/88 



Slim Hole Completion Details 

Ground Level 

8" 3 0 0 * ANSI RF Gate Valve 
(Master Valve) 

7" Csg X 8" 300*AN5I SOW Wellhead 

±40'-120' 13-3/8" J55 6 1 * 

^ ' 

250'-400' 7" J55 2 0 * 

( 6-1/4" Open Hole 

1500' TD; or producing formation 

Not to Scale 



Blowout P r e v e n t e r De ta i l s ; 13 3 / 8 " casing 
( o p t i o n a l , as req 'd on s l i m ho le p rogram) 

10" 900* rotat ing head 
w i th diverter 

±50 ft. extension on handwheel 

,x 

XO. as req'd 

10" 3 0 0 * WKt-l Pwr-seal type 
Through-conduit Master valve 

XO. as r e q ^ 

13 3/8" 61 pp fJ -55 
Conductor Casing 

6" f lowline 
w /6" 150* 
gate valve 

JCH 10/5/86 
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LITHOLOGIC LOG OF MEI WELL S-89-1 

Prepared for 
Mother Earth Industries, Inc. 
7 350 E. Evans Road, Suite B 
Scottsdale, Arizona 85260 

By 
.Joseph N. Moore 

Salt Lake City, Utah 

June, 1989 



This report describes the hydrothermal alteration and 

lithologies encountered in MEI well S-89-1. The well was sampled 

to a depth of 1030 feet. 

Lithologic Relationships 

The lithologies encountered in S-89-1 are illustrated in the 

attached log. The rocks sampled in the upper 120 feet of the well 

consist of variably altered alluvium. Samples collected between 

30 and 50 feet, consist of unsorted and unaltered alluvium. In 

contrast, the alluvium penetrated between 50 and 120 feet "̂ is 

characterized by intense acid alteration. Fragments of Three 

Creeks Tuff, flow banded rhyolite, andesite lava flows, and an 

altered rhyolitic ash-flow tuff are present in the alluvium. 

The alluvium is underlain by highly altered ash-flows of the 

Three Creeks Tuff. This ash-flow tuff is characterized by 

approximately 50% phenocrysts of quartz, biotite, potassium 

feldspar, plagioclase, and hornblende. The presence of quartz 

phenocrysts, which commonly are dipyramidal in form and biotite 

crystals up to several millimeters across are diagnostic of the 

Three Creeks Tuff and serve to distinguish it from the underlying 

ash-flow tuffs even where it is highly altered. In thin section, 

the quartz phenocrysts are characteristically embayed. 

The matrix of the Three Creeks Tuff in S-89-1 varies from 

light to medium gray depending on the degree of alteration of the 

matrix and phenocrysts. Thin section observations described below 

show that the ash-flow tuffs range from moderately to intensely 

altered. 

The Three Creeks Tuff in S-89-1 appears to rest unconformably 

on the Wales Canyon Tuff. This contact was encountered at a depth 

of 640 feet. The Wales Canyon Tuff is distinguished from the 

overlying ash-flows by its finer grain size, lack of abundant 

quartz phenocrysts, and the common occurrence of lithic fragments. 

The Wales Canyon Tuff consists of approximately 40% phenocrysts, 



mainly of plagioclase, biotite and hornblende(?) in a matrix of 

altered ash and shards. The matrix of the Wales Canyon Tuff ranges 

from light to medium gray as a result of intense hydrothermal 

alteration. 

The rocks encountered below 860 feet consist of white, 

vitreous quartzite that has tentatively been assigned to the 

Coconino Sandstone. Thin sections show that the Coconino is 

composed dominantly of quartz with well developed quartz 

overgrowths. Minor sericite and carbonate cement are present in 

some chips. Samples from 900-910 feet appear to have been 

brecciated and rehealed with quartz. 

Hydrothermal Alteration 

The alteration of the rocks encountered in S-89-1 ranges from 

moderate to strong. In order to better characterize the type and 

distribution of the alteration minerals, thirteen thin sections 

were studied. The locations of the thin sections is shown on the 

lithologic log, and a brief description of each is included as 

Appendix 1. 

The upper 120 feet of S-89-1 is characterized by intense acid 

leaching of the alluvium. Some of these intensely altered rocks, 

which appear to have sluffed from shallower depths, are contained 

in the thin section from 150-160 feet. These chips contain 

alunite, kaolin, and anhydrite. Minor disseminated pyrite is 

present below 90 feet. 

Below 120 feet, the rocks are argillically altered. The 

secondary minerals occurring within the altered ash-flow tuffs 

include quartz, clays (fine-grained weakly birefringent minerals; 

probably smectite), sericite (mixed-layer clays and illite), 

calcite, and pyrite. 

Quartz, clays, sericite, and calcite occur as alteration 

products of both the matrix of the ash-flow tuffs and of the 

phenocrysts. The alteration of the matrix is often less intense 



than the phenocrysts it contains. Thin section observations 

suggest that clays are more abundant in the Three Creeks Tuff 

whereas sericite is more common in the underlying Wales Canyon 

Tuff. The presence of primary devitrification textures throughout 

the well indicates that these minerals are an alteration product 

of potassium feldspar and cristobalite formed during 

devitrification of the ash and shards rather than representing an 

alteration of a glassy matrix. In general, calcite replacement 

of the matrix appears to be closely associated with calcite veins. 

Plagioclase phenocrysts throughout the well are altered "^o 

mixtures of clays, sericite, and calcite. In most samples, more 

than 75% of the feldspar phenocrysts have been altered. Fine

grained smectite is well developed in plagioclase phenocrysts in 

the Three Creeks Tuff, particularly in thin sections from 340 and 

540 feet. Sericite is abundant in the plagioclase phenocrysts in 

the Wales Canyon Tuff. Biotite phenocrysts have been moderately 

to strongly altered to sericite, quartz, clays, opaques (pyrite 

and magnetite), and sphene. 

Although hornblende is a common mineral in both the Three 

Creeks and Wales Canyon Tuffs, unaltered hornblende was not 

observed in any of the thin sections studied. The morphology of 

the altered phenocrysts suggests that the hornblende has been 

completely replaced by calcite and sericite. 

Pyrite is widespread throughout the well, occurring in at 

least trace amounts in nearly every sample. The pyrite occurs as 

disseminated crystals, fine-grained aggregates, and in veins where 

it is commonly associated with calcite. In places, it appears to 

occur as an alteration product of biotite. No other sulphide 

minerals were observed. 

Calcite is the dominant vein mineral occurring in the well. 

Less commonly, quartz veins containing pyrite, sericite, and minor 

calcite are present. Where crosscutting relationships can be 

observed, carbonate veins are always younger than the quartz veins. 



Fragments of quartz veins from 640 feet display concentric 

growth zones that suggest the mineral originally precipitated in 

the vein was chalcedony. According to Fournier (1985), the 

deposition of chalcedony instead of quartz would limit the maximum 

temperature of vein deposition to about 180°C. Such moderate 

temperatures are consistent with the hydrothermal mineral 

assemblages found in the rocks penetrated by S-89-1. In contrast, 

minerals such as potassium feldspar and epidote, which characterize 

geothermal systems where temperatures exceed 200°C, have not been 

found in these rocks. 

structural Relationships 

Although there is little direct evidence in the form of 

breccias and gouge zones indicating that S-89-1 crossed any major 

fault zones, the widespread and intense alteration demonstrate that 

the well was drilled into a significant fracture zone. Comparison 

with the downhole geology of the adjacent wells indicates that 5-

89-1 is located in the same fault block as S-88-3. In S-88-3, the 

sedimentary basement was encountered at a depth of 800 feet. In 

contrast, S-89-4 penetrated the basement rocks at approximately 600 

feet. Thus, S-89-1 is located in a downthrown block relative to S-

89-4. The locations of these wells suggests that the fault that 

bounds these blocks trends in an easterly direction. This 

orientation would be subparallel to the fault located adjacent to 

wells 24-7 and 87-3. 

Summary 

Well S-89-1 was drilled adjacent to a major fault zone that 

separates structural blocks containing S-89-1, S-88-3, and P-88-2 

from s-89-4. The most likely orientation along this structure is 

easterly, with movement down to the north. 

Hydrothermal alteration of the volcanic and sedimentary 

basement rocks in S-89-1 is characterized by quartz, pyrite, 

calcite, and sericite. The presence of these minerals is 



consistent with both the present temperatures and the secondary 

minerals occurring in the overlying, recent alluvial deposits. 

Significantly, no alteration assemblages typical of higher 

temperature regimes (greater than about 200°) have been found in 

this well. These relationships suggest that the alteration 

assemblages encountered in S-89-1 could have been produced by the 

present thermal system when the water table was at shallower 

depths. In addition, petrographic examination of the rocks in S-

89-1 provide further support for the observation made by Huttrer 

(personal communication, 1989) that pyrite, in particular, is 

closely associated with strong fracturing and steam-bearing zones 

within the reservoir sandstones. Thus, the presence of pyrite in 

the sandstones could be useful for assessing the potential of 

sandstones in less well known portions of the geothermal system. 

References 
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APPENDIX 1 

Thin Section Descriptions 

150-160 feet: Sluffed alluvium 

This sample contains abundant chips of Three Creeks Tuff, 

granodiorite, andesite lava flows, dacite lava flows, flow-banded 

rhyolite, rhyolitic ash-flow tuffs, and cement. Alteration of the 

fragments is generally weak, although chips composed entirely of 

alunite and ash-flow tuff fragments containing abundant kaolin, 

disseminated pyrite, hematite, and fine-grained quartz are present. 

A small percentage of the fragments are cut by calcite veins. 

180-190 feet: Three Creeks Tuff 

Chips of moderately to intensely altered Three Creeks Tuff, 

quartz grains cemented by mud, cement, andesite lava flows. 

Biotite and feldspar in the Three Creeks Tuff are partially to 

completely altered to sericite, and calcite. Hornblende(?) is 

altered to calcite. The matrix of the ash-flow tuff shows minor 

alteration to quartz and clays. Minor disseminated pyrite is 

present. Veins consist of calcite and calcite + pyrite. One 

fragment of anhydrite cut by a calcite + pyrite vein was observed. 

240-250 feet: Three Creeks Tuff 

The sample consists of moderately to strongly altered Three 

Creeks Tuff. The ash-flow tuff contains, spherulitic 

devitrification textures indicating that it was. densely welded. 

Approximately 50% of the ash and shard matrix of the ash-flow tuffs 

is altered to quartz, clays, sericite, and calcite. Biotite is 

strongly altered to sericite and opaques, feldspar is altered to 

sericite and calcite. All hornblende has been altered to calcite. 

Disseminated pyrite is common. Veins of calcite + pyrite and 

quartz + sericite are present. Crosscutting relationships indicate 



that the quartz veins predate the carbonate veins. 

340-350: Three Creeks Tuff 

Intensely altered Three Creeks Tuff as above. Alteration 

products are similar to those found in chips from 240-250 feet, 

although calcite is less abundant in the matrix. Biotite 

phenocrysts are variably altered to sericite, quartz, and pyrite-

Pyrite is common as disseminated crystals, veins, and as an 

alteration product of biotite. Veins of calcite + pyrite and 

quartz + sericite + pyrite are present with the calcite veins being 

the most recent. ^ 

440-450 feet: Three Creeks Tuff 

Strongly altered Three Creeks Tuff as above. Pyrite is common 

as disseminated grains and in veins. Veins of calcite + pyrite are 

present. 

540-550: Three Creeks Tuff 

Intensely altered Three Creeks Tuff as above. Approximately 

half of the biotite has been altered to coarse sphene, calcite, 

and sericite. The sphene appears to be partially replaced by 

calcite. Pyrite is minor constituent of the chips, occurring as 

disseminated grains. Veins of calcite are present. 

580-590: Three Creeks Tuff 

Intensely altered Three Creeks Tuff as above. Plagioclase 

phenocrysts are replaced by smectite and in places minor sphene is 

present. Minor disseminated pyrite and calcite occur in the matrix 

of the ash-flow tuff. 

640-650: Wales Canyon Tuff 

The chips in this sample consist of intensely altered Wales 

Canyon Tuff. Most of the biotite phenocrysts are altered to 

sericite and opaque minerals whereas the feldspars are altered to 



(-p 

calcite and sericite. Pyrite occurs as disseminated grains in the 

matrix, as veins, and as a replacement of biotite. The matrix is 

strongly altered to quartz and sericite. Quartz veins containing 

concentric growth zones and open-space fillings of calcite are 

present. 

740-750: Wales Canyon Tuff 

Intensely altered Wales Canyon Tuff as above. The sericite, 

in places is coarse-grained. More than 75% of the feldspars are 

altered to calcite and sericite. The biotite appears relatively 

fresh. Veins of pyrite + calcite, calcite, and calcite + quattz 

are present. 

800-810: Wales Canyon Tuff 

Intensely altered Wales Canyon Tuff as above. The veins 

present in this sample consist of calcite and sericite + pyrite. 

Crosscutting relationships indicate that the calcite veins postdate 

the sericite veins. 

850-860: Wales Canyon Tuff/Coconino Sandstone 

This sample consists of intensely altered Wales Canyon Tuff 

similar to that described above, chips of Coconino Sandstone and 

of rare limestone. Some of the chips consist of sandstone breccia 

cemented with quartz, calcite, and sericite. These chips may 

represent an altered soil developed on the sedimentary basement. 

Veins of quartz + pyrite, calcite + quartz, and calcite + pyrite 

are present. 

900-910: Coconino Sandstone 

The chips consist of brecciated, silicified and pyritized 

sandstone. 

1000-1010: Coconino Sandstone 



The chips are composed of fine-grained quartz sandstone, 

cemented primarily by quartz overgrowths. Minor sericite and 

carbonate cement are present. Veins of quartz + pyrite and calcite 

occur in the chips. 
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I DEPARTMENT OF NATURAL RESOURCES 
i' DIVISIONOF WATER RIGHTS 

Nnrinari H- Hangcrlcr 

D . rC . IhnisiMi ;; 

KK.-iiiiiv.iiir.-.i..r 'ii 1636 Wesl Norlh Temple, Suile 220 

lidlKTi I,. MiirKafi ;'> Sail Lake Cily. Ulah 84116-3156 

siiii.-K.mii I 6 801-538-72'10 

April 14, 1989 

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 Slim Holes S89-I through S89-7 
Expiration Date: October 14, 1989 

Dear Mr. Hauth: 

Reference is made to your request of April 5, 1989, to drill seven "slim hole" 
geothermal wells as part of MEI's continued field development program at the 
Cove Fort/Sulfurdale KGRA. The location of the wells is to be: 

S89-1 South 3211 feet and East 609 feet from the NW 
Corner of Section 7, T26S, R6W, SLB&M; 

S89-2 South 2853 feet and East 578 feet from the NW 
Corner of Section 7, T26S, R6W, SLB&M; 

S89-3 South 3597 feet and East 1108 feet from the NW 
Corner of Section 7, T26S, R6W, SLB&M; 

S89-4 South 3456 feet and East 354 feet from the NW 
Corner of Section 7, T26S, R6W, SLB&M; 

S89-5 South 3684 feet and West 225 feet from the NE 
Corner of Section 12, T26S, R7W, SLB&M; 

S89-6 South 3369 feet and West 465 feet from the NE 
Corner of Section 12, T26S, R7W, SLB&M; 

S89-7 South 3129 feet and West 915 feet from the NE 
Corner of Section 12, T25S, R7W, SLB&M. 

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. 

an equal opporlunily employer 



2. The driller must be bonded and have a current well 
driller's permit from the Division of Water Rights. 
A federal bond covering the welT will satisfy the bonding 
requirement. 

3. These wells may be drilled to a maximum of 1500 feet. The 
applicant must obtain written permission from the State 
Engineer prior to drilling to a depth significantly beyond 
1500 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 rig equipment 
and/or the structural integrity of the well. 

4. 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. 

5. 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 (13-3/8 inch) shall be 
installed to a depth of 40-120 feet and the 
annular space shall be cemented back solid 
to the surface. 

B. The surface casing (7 inch) shall be set to a 
depth of 250-400 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. 

5, 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. 



7. 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. 

8. 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. 

I. 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. 

10. 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. 

11. 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. 



12. This approval is conditioned upon the proper easements 
and trespass agreements being obtained from Provo City, 
the.fee hold of the land where the proposed well S89-3 
will reside. A copy of such agreements shall be provided 
the Division of Water Rights before the approval of S89-3 
is considered final. 

This is permission for the licensed driller to begin drilling the geothermal 
test well. Note that the expiration date of this letter is October 14, 1989. 

Please notify Gerald Stoker, the Area Engineer, at 585-4231 or John Solum, at 
538-7406 prior to the commencement of drilling operations. 

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, 

y ^ f 

KLJ:JS:rc 

Kent Jones, P.E. 
Directing Appropriations Engineer 

cc: Gerald W. Stoker 
Jerry Bronicel 
Delano Development Company 
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S89-1 Field Cost Est 5 / 2 5 / 8 9 
B*3t'4Jon 1000'hole. 
lifts not incl use of MEI D7. backhoe, etc. 
or MEI .^Irrilnistrative cttjts 

Item 
RiqOp, <>)st (Grimshaw Drlq Inc) 
Mob/Riqup 
Cflnslruct pad 
Dril128"hole15'^$56/fl 
Set/crrit 20" conductor 
Riqup mud system . 
Generator f relqhl SLC 
Drill 17-1 r r hole 120" @ $35// f l 
Run 13- 3/8 conductor 120' 
Cmt 13-3/8. WOC 
Drill 9-7/8 hole 120-400" @$20/ft 
Run 7" esq 400' 
Cmt 7" esq. WOC 
NU BOP 
Test. BOP 
Dri l l 6-1 / 4 " hole 400 -500>$ 12.50/f l 
Dr i l l 6-1 / 4 " hole 500-1000'@$ 15/ f l 

Grimsh.3w Drill ing Inc. Total; 

L&M Rentals 
Drilex rentals 
0-jmpre3:5or Rental ( 1 / 2 mo) 
Generator rental 
C^inq 20" 25'«».t40 
C:asinq 13-3/8 120'@$25 
C:asinq 7" 400" @ $7 
-Sinqle shot, geolojraph 
Mud/chemicals 
Fuel, lubricants 
Cement (Carlinq) 
Cement 13-3/8 (Dowell) 
Cement 7" (Dcwell) 
H2S safety 
C^loqist (GMC) 10 da/s+exp 
Wellhead equip 
Casinq crew 7" strinq 
MEI matls 
17-1/2 bit 
9-7/8 bit 
disc op supplies 
V/eldinq 

Total: 

% 

3500 
250 
840 
500 
500 
400. 

4200 
450 
1400 
5600 
475 
1600 
1000 
600 
1250 
7500 

30065 

3901 
1350 
2400 
700 
1000 
3000 
2800 
112 

2906 
2536 
568 

4603 
5537 
3500 
4000 
1630 
811 
1000 
1500 
200 
46 
500 

$74,665 
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