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COMPLETION REPORT FOR S-88-3 
Sulphurdale, Utah 

I. ABSTRACT 

A geothermal exploratory "slim hole" design; 
d r 1 1 1 e d ta y M cj t h e r E a ,••" t h I n d u s t r i >e s , I n c:. a n 
-f e e b y D e 1 a n o D e v e 1 o p m ent C; o m p -a n y b e t w e? e n 
Oct oil er 10 and October 22, 1988. The well is 
•and ̂  9̂''5 -ft, east of the northwest corner 
T26S, R6W, SLB?/M. 

11 e d ;:•—€:>&"":[' w a s 
land owned in 

the dates of 
29.53 ft, south 
of Section 7'', 

T !•"! e w 0311 pi e n e t r a t e d high 1 y f r a c t ured and signi f i c a n 11 y 
altered rocks of the upper eone of the Three Creeks Tuff 
l'i e rn b e r o f t h e B u 11 i o n C a n y o n V o 1 c a n i c s e r i s ?r> (M a o r e a n d 
3-amberq, 1979) and encountered steam with minor Hi-̂ S at S23, 
a n d 84.3 - 8 4 6 ' K B. 

The well was drilled to a total depth of 350 feet and has 
been shut in pending plans to drill an offsetting production 
wel I . 

The prime contractor for the well was Sierra Drilling 
Company, SaIina, Utah; the drilling plan was desi gned by 
William J ack-son of Salt Lake City,, Utah au'id modified by Jay 
C. Hauth of MEI; surveys were done by Sunrise Engineering, 
Inc. of Fillmore, Utah; Safety Services were provided by 
II-!ell Safety of Evanston, Wyoming; wellsite geological 
supEervisian was. by Columbia Geoscience of Hillsboro, Oregon; 
petrographic examination of drill cuttings was done by 
Joseph Moore of Salt Lake City, Utah,, All other activities 
wer e c on duc tecJ ta y Mot her Ear t h I n d u s t r i e s , I ri c . 



II. LOCATION 

-: — S-: J-

1 ! •:-

This report pertains to MEI exploratory slim hole 
located near Sulphurdale, in Beaver County, Utah within t 
Cove FDrt--Sul phurdai e KGRA,, 

Specifically, the well is 2953 feet south and 995 feet east 
of the northwest corner of Section 7, T26S, R6W, SLBf;^M. It 
is within a parrel of fee land that comprises the west half 
of the SW/4 of Ejection 7, T„26 S„ „R,6 W, 

Fig û r e 1 d e p i. c t s t h e loc a t ion o f t h e w e 11 rel a t i v e t D t hi e 
sectioo corner; F-'late I (in pocket) is a survey plat of the 
C o V ê  F' o r t G e o t h e r m a 1 F' o w e r F' 1 a n t v i c i n i t y s h o w i n g t h e 
relative positions of the sever-al wells drilled in the a r e a , 
the collection and power generation facilities, and portions 
of the Dowerline grid. 
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III.... W.ELL_.._DRI.LL I_NB_.A^^ HISTORY 

In orcJer to co-sti —ef f ecti vel v' 
dry -steam qeothermal resource discovered in wells 34-7A and 
34-7B, S-87-4 and S-SS 1, e;;pl oratory well S-SS-3 was 
drilled in a "slim hole" coiif i qurat i on as follows: 

Qn October 10, 1983 at 1500 hours Sierra Drilling Company 
spudded using . a 12,25" bit and drilled to SO'KB. A 
'••econdi ti oned 17,5" hole-opener was then used to ream the 
hole to a si^e suitable for the conductor casing. Eighty 
(80)_feet of 12", 53.5#/Ft,, A~53, Schedule 40 casing was 
t h e n^ 1 3*1 d e d a n d ceme n t e d i n p 1 a c e t h r o u g h t h e cl rill s t e m, 

Using a 9.875" mill tooth bit, the cement was drilled out 
on October 14 and drilling proceeded to 250 feet by October 
13. On October IS, 250 feet of 7", 20#/Ft., J-55, ST^C 
casing was Landed .and cemented in pl-ace wit,h a type G high 
temperature mixture. October 19 was spent cutting off casing 
and nippling up and te-sting all the blowout pre;?vention 
equipment on the 7" casing-. Approval of the pressure test 
was obtained from the Litah Divisjion of Water Rights 
.•"'epresenti ti ve at 1515 hrs on October i'9. 

After tagging cement, drilling resumed at OOOO hours on 
October 20 using a 6,25" mill tooth bit and continued at 
rates ranging between 15 and 40 feet per hour to the final 
depth of 850 feet, 

A small steam entry was r tec or ded at 82-3'K E-f on October 21, 
•a n d a m u c h 1 a r g e r •{• 1 o w w a s en c o u n t e r e d , in a f r a c t u r- e , f r o m 
•943-84o •• KB. The. flow of steam died t e m p o r a r i l y on October 
22, but wlien the hole was reentered and cleaned out on 
0 c t o b e r 2 3 , s t e a m f 1 o w .a t h i q hi r a t e s r e s u m e d . 

A drilling h i s t o r y , de scribing daily e v e n t s between October 
10 and October 22, 19£!S accompanies this report as Appendix 
A. Figure 2 is a profile of the well as completed; F'igure 3 
i s a df-i 11 i ng cuf"ve showi nq the rate of dr i 11 i ng proqress , 
and Figure 4 shows the Blowout Preventer stack used on the 
7" casing. Appendix B, attached, is MEI's basic drilling 
procedure developed for slim exploratory wells. 
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te!•"• at :i. on tJf tiie Ti 88 3 rocks the fumarolic, acidic. 
solfateric type frofn 0-80'r-3; from 80-750'KB, the rocks arB 
argillically altered with the severity dependant on the 
degree of welding of the tuffs. Below 750'KE, alteration is 
silicic, with complete cjbl i terat i on of texture below 800'KB, 
Though there was no logged evidence of faulting seen i rs S-
SS--3, the intercalation of the fine grained Wales Canyon fm 
with thie coarse Tbt suggests landsliding as a mechanism. The 
fact that the riatural contact between the Tbt and the Wales 
Canyon was not encountered (as it was in £i~S8-l) , suggests 
that either S-Sr3--3 is in a fault block that has been 
downthrown relative to S-88-1 or, more likely, that the 
cont-«cf^ dips southw-ard beneath S-B8-3. 

At touched , c:l -rs l - i p p e n die: e s O .a n d D , a re 1 i t h o 1 o g i c a. n d 
petrographic descriptions of drill cuttings from this well 
w r i 11 e n , i fi d e p e n d a n 11 y , b y M o o r e a n d b y A. W e i b 1 e 
t o q e t h e r w i c h s o me i n t er p r e t i ve c amm ents ta y each 1og q e r 



V. PERMIJ3 

As r e q u i r e d by l a w , MEIJ' a p p l i e d f o r and r e c e i v e d a p e r m i t 
- f cir d r i 1 1 i nq we 
Riahts. Whe 

O n iAi .-̂  •: 

•HO-LL: was abandoned 
made to, drill 

depth of 
;; h u r" t ci i s L a ri L. e 

northwest of ite. Accordingly, ME:.! requeste 
th drillinq permit for 3-38-2 be transferred t 
and this reqi..!est was verbally approved byJohi-i Solum of the 
UDWR, ME •eceived approval for the drillinq of this 
well from the Delano Development Company, owner of the fet 
1 and »i. .» 

Attached to this report as Appendix E, are copies oi 
documents related to piermit acquisition and compliance. 
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S-ea-3 DRILLING HISTORY 

10-10-38 
OSOO - 1500 MIRU. 
1500 - 1945 DA with 12" bit to 80'KB, 
1945 - 2000 POOH, 

0730 - 134-5 F̂ eam to 17,5" with hole opener to 80'KB. 
1345 - 1600 POOH, misc. clean-up of rig and site. 

i 0- P-^^^B 
0730 - 1315 Run SO feet of 12", Schedule 40, A-53, I 

1b./ft. casi ng 
1315 - 1400 Cement througt"i drill stem. 
1400 - 1600 WOC; prepare wellhead equipmerst. 
1600 - 1900 NU wellhead- and flowline. 

;l 0.-X4--gQ 
0800 - 1900 DA with 9.875" bit 30-100'KB. 

10-15-38 
0 8 0 0 — 2 0 0 0 E'A t o 148'fxEL 

1 0 - 1 6 - 8 3 
IOOO DA t o v O O ' K B . 

1 0 - 1 7 - 8 8 
OSOO - 2030 DA to 240'KB; slowed to 4'./hr. 

DA to 250'KB, TD for 7" casing. 
Run 250 feet of 7", 20#/ft, J-55, ST?<C 
ca.-si ng. 
Cement casing through drill stem; CIF' 1600. 
WOC, 

Cut off 12" and 7" casings and NU BOPE. 
BOP test. Held 690-620 psi for 30 minutes. 
W itnessed a n d appro v e d b y U DWR. 

151-5 - l'9-30 FcIH; try to drill with air hammer, no luck; 
POOH; RIH with 6.25" mill tooth bit. 

1930 - 24 00 Drill au t cement an d pIug t o 250'KB. 

1 (.; 

1 0 

-18-88 
07'00 -
1140 -

1530 -
1600 -

-19-88 
0730 -• 
1445 -

1 140 
1530 

1600 
1 900 

1445 
1515 



(j I'J (Ji f _) 

1 O ' l •-.! 

1240 
1950 
2040 

0500 DA to 260'KB with mill tooth bit 
1045 Fix clutch. 
1240 DA to 3^10'KB: To— 8IF. 
1950 DA to 433'KB; To- 94F. 
2040 r"ix air leak on compressor. 
2400 DA Lo 65iJ'KB; To—li2F-

10-21-38 
0 C) 0!) -
1430 -
1 a.'a,:::: . 

1430 
A to 330'KB 

"o— 120f''' 
"o- 170F steam entry 323'Kb 

•' i-l f (-•. ' I KB;; Increased steam from fracture 
?tween 843 and 346'KB; To:^200F. 

1530 - 2400 POOH; flow well, clean up rig inc 

i > V ' J U — O.;,! 'I'.J . J. i-l w 1 u n c l e a n h o l e , F'QOF-̂ s 
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ol< ôty a f y / l l y y 7/11.!>• J f y > i ' y y . C ; ^ >'fa>> 1 

d- -̂  '^ z o. r̂ y S y ^ y t y c ' c C a.s //. ^̂  „ C 1^-^^ /^g>A^ 

•0 0 d p . ? /?^^^ .y> I 7o/~/e iy .S7r^y/y75 

\ZZiO_ ' S p y ^ 1^ Py-y/pZ. c P ^ ^ / \ f^ol-y.l7yiy. J i -^oJ ' i - / (7 ) ' ly^-P <̂  

1 7 n ao77 
r ' 

.^.7 d - IZiyr̂  '- '̂CT a^'C/l CPl"^ Pyycy.},/ (^-^Cy.Zy 

I7h0\ 
d-DZL 

4 P P\.(jyn CLr̂ Z Tu, iTK 

C c K S i h Z p £ < / P - e c 7 y I-n r_ .eyjy/^/vl-r pc(/y,n 7A 12^7 h^.^y, C ' ' . . • y > t 

k(/ly^-- ^ O o d R i ' . h f A Oh C.-e>rt:f l j l , CUcr-Ft/nfi, p c / / / ? p ^ j^-^.S 7 O p C^UJyf: 

5 7 7 0 ! 

U .^ J Ih Ce.!/^ /rJTy-yk. 

-/-/? roupy C- l-y<̂ ^̂  7/'a C^/-l-Uyd c f P P r c ^ y l - d'>7 /^c/cei.y/^.p C/'^c.^7, . 

(^qf C c l d y gr-^Y-^/.t^; / / - I<^y--A.p7 fo K P Z C ^ C I < i^ 

^:.rZ I 
C n0̂  "̂  <̂'\ Z'-\ *\ ty/\ Ryo\ po j l ^yj P t - -(.y S" h y<:)u d /o-yJZ .7y, 7y-xy.̂  

'Cr 

t o 't^'clJ-n-r - ^ 

file:///ZZiO_


/2/r jyo f7 

MEI DRILLING ACTIVITY LOG WELL*:[ 6-<̂ '̂3> ] DATE:[ /^-/^-^^ ] 
TIME 
71< 
%r̂  
cJyAt) 

^•Sf-' 
I070 

mf 
/•2,' i r 

DEPTH 
ine F/-
\ L d 

1̂ 0 
Qo^ 
71-i 

z^i 
2-5 ( 

i 

i 
i 

1 

INIT. 
dc5 
) i V' 
^C5 

3cs 
vic-̂  

Oic$ 
Jc5 

C0MMENTS.,«|..0WLINE TEMPS. ETC, 
: f^cit- Jij'i/>'$•'*"i*ui^^ s.ay ff^..,^ / 

ihth dn ^o(^ ^ a bf J 6P^U^(|\ 

t l \ r » { \ ^ ^ 9 i 7 ) 1 y ( t / l L L ; yyĉ  r^c^o<i . 
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"Slim Hole" Drilling Program 

Objective: Drill/Complete exploratory hole to ±1500' TD and evaluate 
formation. Conductor casing 13 3/8" set at ±40', surface casing 
set at ±250', 6 11^ open hole to 1500' or producing formation. 

Prepared by: Jay C. Hauth, July 1988 



Sequence of Operat ions 

1. Construct location and sump per attached drawing 

2 MIRU rotary drilling rig. 

3. Mix spud mud per attached drilling fluids program 

4. Spud well with 17 1/2" bit and drill to ±40'. Run and cement 13 3/8" 
conductor with Redi-Mix. 

5. Visually inspect and note on Tour Sheet whether all drill pipe is white 
banded, specifying that It meets AAODC API Class II Inspection as to the 
following; 

1. Electromagnetic inspection of tubes (Sconoscope or Scanalog) 
2. Wall thickness and cross-sect I ona I 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 T casing fs on 
location and 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', 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, drill any additional hole that might be required so 
that casing can be landed within I' of bottome, and still 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 4 degrees or less. Maximum rate of change I 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 fi l l. If hole Is In good condition, circulate bottoms up, POOH, and 
laydown 9 7/8" drilling assembly. If tight hole was encountered on wiper 
trip, then make another wiper trip. It may also be necessary to further 
condition mud. 

8. Rig 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. 'y/hen mud is in good shape, cement casing as per attached cement 
program. Monitor and record cement data per program. Catch cement 
samples as requested. Continue to reciprocate casing while pumping 
cement. Land casing within 1' of bottom. Center casing in rotary table. 

11. WOC 8 hrs. (check samples to determine if additional time is req'd) 
Monitor cement in annuius. If it falls back, bring it back to surface with 1" 
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. Cal lout 
urveyors to survey casing head location. o 

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. All BOP rubbers are to be high-
temperature/geothermal quality. Nipple up BOP equipment per attachment. 
Test 7" casing and BOP equipment to 500 psi 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 drill, run float in bit 
sub and unload mud out of hole with air on the trip back in. If the decision 
is made to drill with mud, then displace the spud mud out of the hole with 
the gel/water/polymer system when you reach bottom with bit. See 
attached mud system details. 

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 regulatory agencies. 
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Dri l l ing Fluids Program 

17 1/2" and 9 7/8 " surface hole. 0- ±?50' 

Mud System: 6el, lime, water, LCn (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'-TD 

Mud system; Polymer, gel, soda ash, Desco, high temp thinner. Drill out 
cement 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 
bentonite;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 
1 -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. Drilling recorder to monitor rate of penetration 
2. Catch drill cutting samples (2 sets) every 10', cleaned, sacked, and 
labeled in accordance with geologist direction. 
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 
every hour. 
5. Temperatures should be taken with every directional survey by running a 
maximum registering thermometer In the survey instrument. 



Casing Program 

Conductor casing; ±40' 13 3/8" 61 ppf J-55 BT&C in 17 1/2" hole 

Surface Casing: ±250' 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 

Centralizers; 2 centralizers 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 jts 
- Lower casing in hole slowly to avoid formation breakdown and lost circ. 
- Use geothermal grade thread dope on casing threads 



Cementing program 

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

Slurry description: API Class "6" or "H" cement mixed with 5.0 gal/sk water 

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

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

Yield; 1.15 cu.ft./sk 

Water requirement; 5.0 gal/sk or 0.67 cu.f t./sk 

Pump time: 1-2 hrs 

24 compressive strength: 2915 psi 

7" J-55 20 ppf 5T&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. 



Cementing Procedure: 

1. Make prior arrangements with Redi-Mix company to have required amount 
of class "6" or "H" cement on hand. Inquire as to how much notice they will 
require to load the cement and drive to location. Advise them that you will 
need the truck clean and free of rocks or chunks of cement prior to loading. 
Tell them that you wish the cement loaded and hauled to location dry, and 
that you will add the water on location just prior to pumping. 

2. Make sure you have circulating head on location prior to running casing. 

3. Call out Redi-Mix truck, giving required amount of advance notice, so that 
he will arrive on location before you are ready to cement. 

4. While you are circulating, rig up 10 bbl stock tank so that you can reach 
it with the rig pump suction and so that the Redi-Mix truck can unload into 
it. Have large mesh grating on hand so that you can screen out any large 
rocks from cement slurry prior to reaching the pump suction. 

5. When you are finished circulating and conditioning mud, rig up to cement, 
add the mixing water to the cement and mix up the cement slurry. 

6. Pump 5 bbl water down the 7" csg ahead of the cement. Start dumping 
the cement slurry from the truck into the stock tank (screening out large 
rocks with the grating) and begin pumping the slurry inside the 7" casing 
with the rig pump. 

7. When all the slurry has been pumped, drop the top plug and displace the 
slurry out of the 7" csg with mud. Bump the plug with 250-300 psi. Do not 
over-displace more than 1/2 the volume of the shoe j t to bump the plug. 
Note the following on Tour Sheet: 

1. Time begin mixing cmt. 
2. Time begin pumping cmt. 
3. Time begin displacement 
4. Time received cmt returns to surface 
5. Time plug bumped, or time finished displacing 

Clean all cement out of rig pump, lines, and stock tank. 

8. WOC 8 Hrs. (Check samples to see if extra time is required) Monitor 
cement in annuius. If It should fall back, bring back to surface with 1" pipe. 



9. Land 7" csg, cut off, weld on wellhead, and start NU BOP equipment. 
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H2S Safety 

The H2S safety company will be called out to perform certification training, 
install and maintain properly operating H25 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 will 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 will be installed at the following locations: 

I. Mud return line 
2- Vicinity of floor 
3. Vicinity of wellhead/BOP's 
4. Additional locations per Safety Man direction, MEI/contractor 
recommendations. 

Windsocks will 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 will be displayed, 
depending on cuirent operations. Two different briefing areas will be 
established, to allow 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 will have procedural update 
briefings, safety meetings, etc., as needed. 
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H2S ALARM PROCEDURE 
POST PROMINENTLY IN DOGHOUSE 

IN CASE OF H2S ALARM: 

1. MASK UP WITH ESCAPE UNIT 

2. 60 IMMEDIATELY TO THE UPWIND BRIEFING 
AREA 

NO EXCEPTIONS UNLESS DIRECTED BY H2S 
SAFETY MAN ON LOCATION 



Blowout P reven te r Deta i l s ; 7" casing 

8" 900* rotating head 
with diverter 

r 
Annular (Hydril) BOP 
6" 900* 

Double Hydraulic ram type 
BOP 6" 900* 
1 -CSO 
1- Drillpipe 

Choke & Kill spool 
1 valved outlet; 
1 valve and check 

(X> 

8" 300* RF Gate valve 
1100 psi test; 680 psi 
@ 300 F WOG 

Ground Level 
7" Casing head 

6" flowline 

<X) 



Slim Hole Completion Details 

Ground Level 

8" 300* ANSI RF Gate Valve 
(Master Valve) 

7" Csg x 8" 300*ANSI SOW Wellhead 

±40' 13-3/8" J55 6 1 * 

±250' 7"J55 20* 

6-1/4" Open Hole 

1500' TD; or producing formation 

Not to Scale 



Mother Eor th I n d u s t r i e s Emergency N o t i f i c o t i o n a 

.All riun-ibers s^t SOI area code unless otherwise specified 

i y^y Comments Phone 

Geotherrnal Power Plant Main line 
MEI Field Office 

Mother Earth Industries Jay Hauth ofc 
res 

Wayne Portanova ofc 
res 

Maureen Haak ofc 
res 

Darrell Jackson res 

Provo City Power George Morse ofc 
Steve Christensen res 
Don Fry res 

527-4641 
527-4734 

263-8300 
268-9369 

(602) 998-3991 
(602) 488-9475 
(602) 998-3991 
(602) 488-3247 
(801) 743-5363 

379-6840 
438-2672 
375-9580 

438-2416 Beaver Valley Hospital ambulance 

Filllmore Community Medical Center 

Delta Community Medical Center 

Beaver County Sheriff (Beaver) 

Millard County Sheriff (Fillmore) ambulance 

Millard County Sheriff (Delta) ambulance 

Utah Highway Patrol (Cedar City) 

Delano Development Corp Fee Land ; Tom Canada (812) 334-2618 

743-5591 

864-5591 

438-2862 

743-5302 

864-2755 

586-9445 

BLM (Richfield) 

BLM (Fillmore) 

Larry Oldroyd 

Dave Henderson 
Toby Manzanares 

BLM (UT state of f ice) Howard Lemm 

Robert Henrlcks 

ofc 

ofc 

ofc 
res 
ofc 
res 

896-8221 

743-6811 

524-3029 
486-5820 
524-3023 
484-2294 



Mother Earth Industr ies Emergency Not i f icat ions 

Forest Service (Beaver Ranger Dist.) Darwin Jensen 438-2436 
Fred Houston 
George Perkins 

Bell Safety (Evanston) H2S Safety John Richter (307) 789-4013 

Penny Construction (Fillmore) Heavy equipment ofc: 743-6978 

Reed Penny res: 743-5584 

Larry Mostrong (Fillmore) Welding 743-5552 

RMICO (Milford) Equipment, roustabout, welding 387-2451 

•- 24 hr. 387-2202 

Cudd Pressure Control (OK City) Well fighting (405) 681-2328 

JCH 6/27/88 



LITHOLOGIC LOG OF MEI WELL S-88-3 

Prepared for 
Mother Earth Industries. Inc. 
7350 E. Evans Road. Suite B 
Scottsdale. Arizona 85260 

By 
Joseph N. Moore 

Sait Lake City. Utah 

January. 1989 

77ZO€^7d/.< 



SUMMARY 
y 

S-88-3 was drilled to a depth of 850 feel. Steam is reported lo have 
y " 

been encountered at depths of 823 feel and from 843 to 846 feel (Columbia 

Geosciences, 1988). Samples collected from the surface lo 820 feel indicate 

the well was drilled inlo variably altered ash-flow luffs of the Three Creeks 

Tuff. Straligraphic relationships in the upper three hundred feel of the well 

suggesi Ihal il may have penelraied several iandsHde blocks bounded by 

low angle faults. The well was sampled lo a deplh of 820 feel. Belween 750 

and 820 feel the ash-flow luffs are intensely altered and sihcified. 

Mineralogically and texturally similar silicified zones have been identified in 

each of the productive wells drilled by MEI. The occurrence of silicified 

rocks al generally ̂ imilar depths throughout the area, and the presence of 

fluid inclusions consistent wilh preseni condiiions in S-88-1, suggests that 

this alleralion may be related lo shallow dipping fault zones underlying the Vproo' ^ 

Sulphurdale area. Such faults are known lo bound the iandsUde blocks / d 7 7 d 7 : : 

mapped within this area. 

STRATIGRAPHY 

Well S-88-3 was drilled entirely wiihin variably altered alluvium and 

ash-fiow luffs. A lithologic log based on an examination of the cuttings with 

a binocular microscope is attached. 

The upper 80 feel of the well consists of unconsolodated alluvium 

containing fragments of Three Creeks Tuff, silicified breccia, minor scoria, 

and traces of flow banded rhyolite. The fragments of scoria are relatively 

small and angular. No cinder or ash deposils have yel been identified wiihin 

the Bullion Canyon volcanics. Thus, the scoria probably represents 

fragmental material deposited during recent eruptions of the Cove Forif v-̂ :̂-'"̂  '-̂  



I 
Volcanco. These alluvial deposits are underlain by approximately 30 feet of 

biotite-rich Three Creeks Tuff. 

A fine-grained_ash-flow luff(?) that is liUiologicallYĵ milar lo the unil 

we have informally designated the lower portion of the lower cooling unit of 

the Three Creeks Tuff was encountered between 125 and 225 feet. The PJ ' ) 
en jl.B.P-

cuttings consist of approximately 30% randomly oriented phenocrysts of 

plagioclase altered to clay, magnetite, and hornblende in a reddish brown 'ĝ -p? 

matrix. This fine-grained ash-flow(?) is significantly thinner and occurs at a 

much shallower depth than in other MEI wells suggesting that it is in fault 

conlaci with the underlying coarse-grained Three Creeks Tuff. While no 

definitive evidence of faulting (e.g. brecciation) was observed in the cuttings, 

minor quartz veining is present near this contact. Thus, a fault contact is 

possible. 

The rocks penetrated by the well between 225 and 800 consist of 

^4 i.vr variably welded and altered Three Creeks Tuff. These ash-flow luffs are 

.̂(, coarse-eraiiL£.d and contain approximately 50% phenocrysts of plagioclase, 

' biolite. and quartz with beta morphology in a matrix of ash and fine-grained 

shards. The matrix ranges from djirk_^rayJnJMjlensdy_we^^^ to 

^^|,s>.'.,^ white and^ lightgray in the poorly welded zones. The distribution of 

individual zones is noted in the accompanying log. The rock is identical in - ^ 

mineralogy and texture lo the upper portion of the lower cooling unit of the 

Three Creeks "Tuff logged in other wells. 

The rocks are strongly altered below 750 feel. Belween 750 and 800 

feet relict textures preserved in the cutting suggest that these altered rocks 

are similar to the coarse-grained ash-flows tuffs occurring above 750 feet. 

Below 800 feet the primary textures of these rocks have been obliterated. 



ALTERATION 

The alteration present in S-88-3 can be divided into three types. 

These include: 

1. low temperature acid alteration belween the surface and 80 feet. 

2. argillic alteration belween 80 and 750 feet, and 

3. silicification between 750 and 820 feet. 

Alteration of the alluvium consists mainly of coatings of while, 

colorless (gypsum?) and orange (jarosite?) precipitates, hematite, opal, and 

clay on the small rounded fragments within the cuttings and the 

replacements of feldspar phenocrysts by clay. Pyrite, associated with 

radiating crystals of marcasite(?) are present in the lower 10 feet (70 to 80) 

\ of this interval. The mineral assemblage found in the alluvium is typical of 

d f I acid altered rocks associated with fijmarolic activity, and is similar to the 

mineral assemblages found within the Sulphurdale pit. 

In a few of the cuttings samples, the opal appears to cement 

fragments contained within the alluvium. However̂  no layering typical of 

hot-sparing deposits was observed. The presence of sulfat̂ es and jarosite(?) urx/cvi) 

associated with the opal suggests that the silica has been remobilized by 

,_̂ .̂̂ Ẑ  downward or laterally migrating acid sulfate solutions and not to upwelling r-_ 

hydrothermal fluids. Acid fluids are commonly produced in areas where 

hydrogen sulfide can condense in surface waters (or condensate) to produce 

sulfuric acid. This process is actively occurring in the Sulphurdale pit. The 

formation of marcasite and pyrite is consistant with this interpretation. Both 

minerals are found in the acid altered rocks of the Sulphurdale pit. 

Argillic alteration of the rocks in S-88-3 typically varies from 

moderate to strong as indicated by the extent of feldspar replacement by 

' - • i ^ , , . 

UP : 



clay. Alteration lo clay is mosl intense in the poorly welded rocks. In these 

zones (for example belween 410 and 440 feet), both the feldspar 

phenocrysts and the matrix of the ash-flow luffs are highly altered whereas 

in more densely welded zones (for example belween 285 and 410 feet), the 

feldspars are only partially altered. 

Pyrite is common in the argillically altered rocks. Typically the pyrite 

forms small mm size aggregates that replace biotite. L ŝŝ  com monly, the 

biotile is replaced by magnetite (e.g. 670 lo 690 feet). Veinlets containing 

various proportions of quartz, clay, hematite and pyrite are also found 

throughout the well. Veinlets containing clay are most common in the upper 

250 feet of the well. 

Strongly silicified rocks that in places contain abundant pyrite are 

restricted to depths below 750 feel. This alteration has obliterated many of 

the primary textures of the rocks making identification of the original rock 

lype very difficult, particularly below 800 feet. The presence of angular 

L p^'^' "fragments" within individual cuttings samples suggests that destruction of 
| i"^ ; 
^..'̂ :77 the primary textures in these rocks is in part due to brecciation prior to 

. i ^ ^ ' ' " 
+1 r>"> 

silicification. 

STRUCTURAL RELATIONSHIPS 

In contrast to many of the other wells studied to dale, the rocks in S-

88-3 are characterized by widespread veining and alleralion, suggesting thai 

they have been extensively fractured. The straligraphic relationships and 

alteration observed in this well suggesi that a major fault was intersected 

below 750 feet. Allhough the orientation of this fault zone cannot be 

determined from this well, the widespread occurrance of silicified rocks al 

similar depths in other wells suggests that the silicification may be related to 

y ! ' j • '"'• 

'yp. 

7\P^ 
^ ^ ^ ' 

i 

-y^J" 

y^^ : . : . 

Ty. 7''t -
/4 'T 

7 0 '' ^ 

d y ^ 
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a series of low angle faults. Major low angle faults which bound large scale 

gravitational glide blocks have been documented al Sulphurdale by Moore 

and Samberg (1978). Alluvial cover and the lack of straligraphic marker 

horizons prohibited detailed mapping of the glide block near Sulphudale at 

that time. However, they were able to show that to the north, where the 

glide block is well exposed, il is composed of jiumerous.individual,slacked 

landsUdes. Thus, many of the fault segments mapped near Sulphurdale may 

be shallow dipping, at depth. A second low angle structure may bound a >Z, 

gravitational ghde block that contains the fine-grained ash flow penetrated A---- • - ^ ^^" 

in the upper portion of the well. Similar structures below 700 to 800 feet 

may be the primary conduits for the migration of steam wiihin the area 

drilled by MEI. If this is the case, then a series of vertically stacked steam- J .̂.. hs^-i 
7 ^ - ' ' ~ ^ l/-<f', 

bearing fractures may be present. -— Cc.-, c. /u; 

An important difference in the lithologic columns of S-88-1 and 3 is 

the depth to the fine-grained ash-flow that forms the lower portion of the 

lower coohng unit. This unit was encountered at 655 feel in S-88-1 but was 

not found in the lower portion of S-88-3. This relationship could be caused 

by a fault between the two wells. Alternatively, the contact belween the 

fine and coarse grained ash-flows may dip to the soulh toward the fault thai 

bounds the southern margin of the Sulphudale pil. The latter alternative, is 

consistant wilh the apparent dip of this unil belween S-87-1 and 5-87-4. 
y. ' ' t • t ,V^-:-'; . . ' < 

•/-> ' ' >-S-s--^ S 

'P'J 

Tu,. 

7--hr7. 
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i-lEI S-88--3 

Li thology 

A cursory review o-f the cuttings -from hole S-B8-3 has 
been conducted with the aid o-f ^ binocular 
microscope, on location, while drilling was in 
progres. The results o-f this preliminary review 
follow. 

0-5 -ft, 

-10 -ft. 

10-15 -ft. 

Angular to rounded pebbles ranging -from 0.3 to 2 cm, 
composed predominantly of metasedimentary rocks with 
minor volcanic rocks. Angular fragmernts from larger 
pebbles and cobbles suggest coarse material at least 
up to S cm in the alluvium. 
Minor reddish scoria fragments a r e present in the 
sample, typically as angular fragments less than 0.5 
cm. 
Occasional angular fragments of gray-white 
precipitated cryptocrystalline silica (sinter ?) a r e 
present. ""'' 

a/a with sub-rounded pebbles up to 5 cm present in 
the sample. Mote that the samples have been well 
washed, removing most silt and clay size fragments 
that may have been present. 

557. Brown to gray to near white pebbles and pebble 
fragments composed of meta-sedimentary rocks. The 
pebble surfaces have a rounded to subrounded shape. 
407. Gray to white angular fragments of precipitated 
cryptocrystalline silica. Some of the fragments 
appear to be hot spring af̂  sinter deposits while 
others show silica cementation of silt and pebbles 
(sub-hot spring ? ) . 
57. Orange to red angular scoria fragments typically 
under 0.5 cm. 



Gray clay clots a re present in the sample, and may in 
part represent the fine fraction of the sample that 
was not completely washed-away. Note that this 
portion of the hole was drilled with bentonite mud, 
app;: 9.5 weight and app;;. a 40 viscosity. 

15-20 ft. as above, with an increase in the amount of scoria 
fragments and a decrease in the amount of 
cryF>tocrystal- line silica. 

20-25 ft. 57. Red to orange scoria fragments. 
57. Cryptocrystalline silica, sinter and silica 
cementation of silt and clay (sub-hot spring 
deposi ts). 
907, Subrounded to rounded pebbles predominantly of 
metasedimentary rocks. 

25-.30 ft. Generally as above, though now with minor gray weirded 
silicic tuff fra.gments. 

30-.35 ft. Similar to above, with some red-gray to gray angular 
to subangular welded tuff fragments up to 5 cm long. 
One large fragment contains fresh biotite 
phenocrysts. 

35-40 ft. 407. Gray subangular gray silicic welded tuff 
fragments. 
3571 Subctngular to rounded metamorphic pebbles. 
207. White to buff-gray angular cryptocrystalline 
silica (sinter and sub-hot spring deposits) fragments 
up to 1 cm. 

40-45 ft. Similar to above, with a slight increase in the 
a\mount and size of metasedimentary pebbles. 

45-50 ft. 507. Variably altered light gray to gray silicic tuff 
and minor red scoria fragments. 
307. Metasedimentary pebbles. 
207. Cryptocrystalline hot spring and sub-hot spring 
siiica. 
Note, clots of soft gray clay in the washed sample 
suggests that a significant amount of silt and clay 
size particles may be present as part of the sample 
prior to washing. 

50-55 ft. As above, with a.n increase in the amount of 
metasedimentary pebbles. 

55-60 ft. As above. 

60-65 ft. As above, with occasional fragments of biotite-
bearing silicic lava or tu.ff. 



65-70 ft- As above, with an increase in the amount of soft 
light brown-gray clay in the sample. 

TOP OF BEDROCf< 

70-75 ft. 657. Gray pyri te-bearing guartz-b iot ite-f eldspar 
silicic welded tuff. The guartz crystals show 
evidence of resorption and embayments. Rarely stubby 
dipyramidal quartz crystals up to 2 mm long a re 
observed. The biotite books appear to be moderately 
fresh. Secondary pyrite typically occurs as micro to 
fine crystalline clusters. 
257. Scoria fra.gments, metasedimentary pebbles, etc. 
107. White to gray cryptocrystalline silicic hot — 
spring and sub-hot spring deposits. 

75-80 ft. 557. Gray quartz-b iot i te-f eldspar crystal tuff with 
minor p'yf'i'te clusters. 
357. Rounded to subrounded pebbles of metasedimentary 
rock. 
107. White to light gray cryptocrystalline silica. 

CASING 

80-85 ft. .>957: Gray quartz-b iot i te-f eldspar crystal tuff 
showing local silicification. Occasional fragments 
contain secondary pyrite clusters. In part the 
microcrystalline pyrite has been formed at the 
expense of biotite phenocrysts. The quartz crystals 
show minor to well developed resorption texture. 
Subhedral biotite crystals, up to 0.6 cm, range from 
moderately fresh to moderately altered. A few of the 
tuff fragments show purple-gray hematite. The pyrite 
appears, in part, to be forming at the expense of and 
subsequent to the hematite. 
Note, the crystal tuff shows no flow banding, no 
eutaxitic texture, and no recognizable fresh or 
devitrified glass shard matrix. The term 'tuff' is 
used here only tentatively. 
•;:57. Friigments of red scoria and strongly silicified 
tuff. 

85-95 ft. As above, with many fragments appearing to have 
undergone silica metasomatisation. Secondary sulfides 
at^e common. Note, the color of the sulfides range 
from bright silver- yellow to gray, indicating more 
than pyrite, and possible surficial oxidation of some 
pyrite. 

95-105 ft. As above, with an increase in the amount of clay 
alteration within the tuff-

105-115 ft. As above, with about 57. brown-gray casing cement. 



115-125 ft. 757. Gray quartz-b iot i te-f eldspar crystal tuff with 
appears to have undergone some silica 
metasomatisation. Some of the biotite books have been 
partially replaced by microcrystalline pyrite. 
157. Various morphologies of fine to cryptocrystalline 
silica, ranging from buff to white crystal clusters, 
showing no clear crystal habits. Some of the silica 
range to dark gray-brown chalcedony. Minor pyrite 
clusters, occasionally containing clots of secondary 
white clay. 
Traces of orange-red angular scoria fragments. 

125-135 ft. 557. Gray quartz-b iot i te-f eldspar crystal tuff which 
appears to have undergone some silica 
metasomatisation. Secondary microcrystalline pyrite 
is present. A few of the tuff fragments contain light 
gray clay alteration. The crystal population in this 
sample is less than that of above samples. 
357. Purple-gray, strongly clay-altered, feldspar 
bearing tuff with trace amounts of relict biotite. No 
quartz crystals are observed, though a few mm-size 
silica veinlets are observed. A few of the fragments 
show a progression of gray, partially silicified, 
tuff subsequently undergoing clay with t^are hematite 
alteration. Many of the fragments show both feldspar 
and groundmass altered to clay. 
107. Microcrystalline silica fragments, and minor 
orange- red and orange-yellow scoria and palagonite 
fragments. 

135-145 ft. As above with purple-gray clay and hematite altered 
tuff making up about 607. of the sample and the gray 
crystal tuff fragments making up about 307. of the 
sample. Lithic fragments are identifiable in the 
purple-gray tuff, suggesting that it originally was a 
crystal and lithic bearing tuff. Note, traces of 
secondary pyrite observed. 

145-155 ft. As above. 

155-165 ft. As above, w.ith continued traces of pyrite clusters. 

165-17'S ft. 607. Gray to green-gray moderately clay altered tuff 
with local pyrite and minor sub-mm silica veins. 
407. Dark purple-gray v̂ jelded crystal lithic bearing 
tuff with minor localized sulfides (predominantly 
pyrite). 

175-1B5 ft. As above, with about 657. dark purple-gray welded 
tuff. 

185-195 ft. 1007. Gray to purple-gray crystal lithic bearing 
welded tuff with minor quartz vein fragments. 
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195-205 ft. As above, with welding of the tuff ranging fi->om very 
light to very strong, to the point that some lithic 
fragments have lost their definition. Note, about 27-
of the fragments are white vein minerals consisting 
of silica and softer minerals (calcite and/or 
zeoli te?). 

205-215 ft. 607. Dark purple-gray highly welded tuff-
407. Gray to green-gray moderately welded tuff with 
some fragments showing clay alteration, followed by 
silicification. 

ft. As above, with relict biotite identifiable in the 
gray to locally greesn-gray silicified tuff. The 
sample shows 607. green-gray mode.rately welded tuff 
and 407. purple-gray more welded tuff. 

ft. 807. quartz-bioti te-f eldspar crystal tuff ranging from 
purple-.gray with rather fresh crystals, to .green-gray 
with clay alteration and moderate silicification. 
207. Purple-graiy strongly welded crystal lithic tuff. 

2-35-245 ft. 1007. Quart z-b iot i te-f eldspar tuff with irregularly 
distributed silicification and minor silica veinlets. 
Minor secondary pyrite is present. Traces of orange-
yellow to brown hydrous F~e oxide alteration is 
observed on a few fragments. 

245-250 ft. As above, with a slight increase in the amount of 
secondary pyrite, locally forming at the expense of 
b iot i te. 

CASING 

250-260 ft. Gray quartz-biotite-feldspar tuff. Note, the term 
'tuff' is used tentatively here as no eutaxitic or 
flow or glass shard texture is observed. The 
groundmass and feldspar crystals a re altered to a 
white to gray, locally to green-gray clay. Much of 
the biotite crystals are altered to a light golden 
color. Locally hematite bearing zones or seams appear 
to be associated with si 1icificaton that preceded 
clay alteration. No secondary pyrite is observed. 

260-270 ft. 557- Gray soft casing cement or ash (no HCl at hand). 
.357. Light green to light green-gray soft, almost 
soapy, sheared tuff. 
107. Gray to red-gray quart z-b iot i te-f eldspar tuff. 

270-280 ft. As above. 

28O-290 ft. 957. Gray quartz-b iot i te-f eldspar tuff with many 
fragments containing fine crystalline secondary 



sulfides (predominantly pyrite). Many fragments show 
clay alteration, especially of the feldspar crystals. 

290-300 ft. 957- Gray crystal tuff as above, with a decrease in 
secondary pyrite, and a marked increase in the amount 
of clay alteration. 
57. Dark gray, locally red, welded vitric tuff with 
same feldspar (sanidine ?) appearing to be fresh. 
This tuff may have undergone some silicification. 

30C)-310 ft. As above with 1571 of the rock sample composed of dark 
gray and red silicified welded tuff. 

310-320 ft. 907. Light gray strongly clay altered quartz bearing 
biotite tuff with only minor bio.tite. Many of the 
fragments contain microcrystalline pyrite, which 
apparently has been unaffected by the clay 
a1terat ion. 
107. Purple—gray slightly silicified quartz-biotite-
feldspar tuff with variable, though minor, clay 
alterat ion. 

3;20--3.30 ft- As above, with a marked reduction in the purple-gray 
biotite tuff fragments- Secondav^y pyrite is more 
common than above, and is observed to be locally 
replacing biotite. 

•330--340 ft. Gray quartz-b iot i te-f eldspar tuff, as above, with an 
overall reduction in the amount of clay alteration. 
F'ewer fragments contain secondary pyrite. 

340--350 ft. As above, with minor soft light green waxy sheared 
fragments. Occasional fragments of highly welded 
vitric tuff at^e also present. 

350—360 ft. 1007. Dark gray to gray quartz—b iot i te —feldspar tuff 
with vet^'y localized fine crystalline pyrite. 

360—-370 ft. As above, with localized and irregular silicification 
and minor white silic-a veinlets. Secondary pyrite is 
r a r e . 

370—380 ft. As above, with no significant clay alteration. 

330-390 ft. As above. 

390-400 ft. As above. 

A-1 j i'.i - 410 f t. A s a b a v e, w i t l'i o c c £\ s i D nal fragments contai ri i n g 
abundant microcrystalline pyrite. 

410-420 ft. 707- Light gray moderately to strongly silicified- The 
rack ma.y have undergone an episode of clay alteration 
prior to the silica metasomatisation- Most of the 



original texture has been lost. Secondary pyrite 
occurs irregularly, often in isolated clots. 
-3071 Dark gray to purple-gray quartz-b iot i te-f eldspar 
crystal tuff- The quartz tends to be anhedral and 
shows the effects of resorption. The biotite is 
generally euhedral, and variably altered. The 
feldspar crystals a re subhedral to anhedral and show 
some indication of resorption. 

420-430 ft. As above, with 907. of the sample consisting of light 
gray silicified tuff. 

430-440 ft. As above, though the sample contains some slough from 
up hole. 

440-450 ft. Very small sample volume, which appears to be made up 
predominantly slough. The hole was not being cleaned 
of cuttings effectively at this time. Fractures may 
be taking some of the drilling air. 

450-460 ft. Predominantly sand-size cuttings, possibly due to 
reworkin.g of the cuttings due to poor cleaning of the 
hole. Torqueing and rough drilling ividicates 
fractures in the formation. 
The cuttings are a light gray silicified crystal 
bearing tuff with two distinct feldspar population, a 
white anhedral feldspar partially altered to clay, 
and small plagioclase laths now totally altered to 
clay. Minor secondary pyrite is present. 

4-60-470 ft. Predominantly fine cuttings, as above. 
Traces of soft light green sheared rock is present in 
thie sample. 
Occasional sand size fragments a r e stained yellow-
brown from recently formed hydrous Fe oxides. 
The small amount of cuttings fragments larger than 
sand size include both quartz-biotite-feldspar tuff 
and light gray crystal bearing silicified tuff. 

470-480 ft. 507. Dark gray to purple—gray quartz—b iot i te-f eldspar 
crystal tuff. 
507- Light gray silicified crystal bearing tuff. 
Continued yellow to brown secondary hydrous Fe oxide 
staining on some of the cuttings. 

480-490 ft. 657. Light gray to yellow-gray (hydrous Fe oxides) 
crystal lithic bearing tuff. The rock appears to have 
undergone an episode of clay alteration, followed by 
an episode of silica metasomatisation. Many of the 
light grciy fragments contain sulfides, predominantly 
pyrite. 
•357. Dark gray quartz-b iot i te-f eldspar tuff with no 
observed secondary p*yrite. 
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490--500 ft. 907. Light gray sulfide rich clay altered and 
subsequently silicified tuff- v\ii th minor yel lov^j-brown 
hydrous Fe oxide staining. Minor relict biotite, 
often showing p.art lal replacement by pyrite, suggests 
that at least a portion of the rock may have 
originally been a biotite crystal tuff- Occasional 
light brown hexaigonal clay pseudomorphs after biotite 
are present. 
10/1 Dark gray qu.i\rtz-ta iot i te-f eldspar crystal tuff-
Na t e, tI'le ye 1 ]. ow to orange to b r-own hydrous I- e o;•; i de 
st-ainin.q is present on fra.gments of both the light 
gray and the dark gray tuffs. 

'50C'-510 ft- 70'.VI Gray sulfide rich silicified altered tuff 
(o r i g i n a 1 1 y a b i o 111 e c r .y 's t a 1 ]. i n e t u. f f '7 > -
'a. O 71 D a r k g r a y sii i c i f i e d q u .a r t z - b i o t i t e - f e 1 d s p a r 
crystal tuff-

510-5:Z0 ft- 10071 Dark gray to purple-gray silicified quartz-
b i c) t i t e- f e 1 d sp a r tuff with local minor second a i•'y 
pyr ite. T\^aces af vein f i 11 i ng quar tz up to 3 mm wide 
are a Iso obs e i •• y e d . 

520--530 ft. As above, with many cuttings fragments up to 1 cm. 

530-5-40 ft. '^lery poor sample recovery, hole not cleaning well. 

540-550 ft, 100/1 Dark gray quartz-b iot i te-f eldspar tuff as £ibove, 
wi t|-i a f ew f r-agmen ts of so-f t 1 i ghi t gr"-een s|-ieared 
rock, .and braces of ye 1 low—orange hydrous Fe; oxide 
s t a i n i n g . 

55C'•-560 f t, As above, w i th r a r e seconda r y py r i te. 

560—5'70 ft- As above, though some of the fragments show the 
effects of clay alteration prior to silicification. 

570--580 ft- As above-

580-590 ft. As above, with an avei'all well developed episode of 
c 1 a y a 11 e r a t i o n w i t hin 11 "i e t u. f f p r i o r- t o 
s i l i c i f i c a t i o n . Much of the b i o t i t e h a s been altered 
t a c. I a y a n d m i n a r p y r i t e. 

590—600 ft. As above-

60<j~610 ft. As above,, with a few fr^agments showing hydrous Fe 
oxide staining-

610—620 ft. As above., with moderate clay alteration pv-eceding 
variable silicification. Minor secondary pyrite is 
observed. No hydrous Fe oxide staining is observed-

620--A30 ft- As above. 



63()-a40 ft. As above, with localized minor pyrite-

640-650 ft- As above, with mode r'ate to strong alteration of the 
quartz-taiotite-feldspar tuff prior to silicification, 

6 50 •-6 60 f 1:, Dark gi'ay quartz-b iot i te —feldspar tuf-f with moderate 
clay alteration followed by moderate and variable 
s:i ]. 1 c: i f icat ion „ Many f ragmen ts con Uain .a qi"een c i a y 
•a 11 e I •• a iv i a n l; hi a t a. p P e; a i- s t o l"i a v e d e y e 1 o p e d H; U b s e g u a n t 

to the silicification. A few tuff fragments show the 
effects of shearinq. 

660'-670 

670-680 

•i t , 

•(• t , 

As above,, 

•/OT. Crystal tuff as above. 
30 71 Silicified lithic and crystal bearing tuff 
fragments. 

680-690 ft 5 C' 71 G r a y t o p u i- p 1 e - g i-" a y <:•] u a i" t z — b i o 1 1 1 e ~ f e 1 cJ s pi a r 
tae,aririg silicified welded tuff with relict eutav;itic. 

a n d f 1D w t:j a n d i n g t e x t u r' e. 

4 0 % Uiuai"t2:-b icit i te—f e l d s p a r crystal tuff,, 

107, Breen silicified lithic tuff. 

690 —70 C' 

700-710 

f t, 

f t, 

H;; anove, 

1007, Gray to light purple to lignt green silicified 
crystal Dear ing (guatrtz, relict biotite, and possible 
relict feldspar) lithic tuff,. Welded shard, eutaxitic 
a n d f 1 a w t i a ft d t e x t LI r e s a r" e r e c a g n i z a b 1 e. I" l"i e 1 i t l"i i c 
inclusions a n B typically -strongly altered. The light 
red—gray to pur'f^ 1 e~gi-.ay color is from secand,ar'y 
I'l e m a C i t e w h :i. c: J-i lias d e v e 1 o p e d , in p art, a t t h e e x p e n s e 
,::.) f b i CJ t i t e. (31"- a y a n d g r e e n — g r a y f r a g m e n t s c ont a i n 
m i c r(.;)c rys 1: a 11 i ne py r 11 e and green c 1 ay. M i nc>i" wh i te 
quartz veinlet fragments ar-e .present, up to 4- mm 
I'J i d e . 

'10--720 ft. As above,, with pyi'-ite fof-ming along some lithic 

fraqment boi..i.ndar ies, along some fracture s u r f a c e s , 

and at tlie e:-;p>ense of b i o t i t e . 

'20--73C* ft. 657 S i l i c i f i e d welded tuff as above,, 
2571 Gra•;.' c:eciien t or cemen ted a s h . 
1<J7, I.... ight f:)urp le—gray gua!--t z—b iot i te —f elclsp'ar tuff . 

This sam|::>le apipiears to contain quite a bit oi- slough 

from Li|-> I'lOle. 

'' 3i 0 - 7 4 < J ft. As a I::) i;: j V e, ri o w witli !:i 5 7, of t |-i e sam P 1 e consisting o-f 

s i 1 i c i -f 1 ec;l we 1 ded t:n f f . 

40—750 f t . G ray t o l i g l i t p u r p l e - g r a y t o g r e e n gi~ay s i l i c i f i e d 
w e l d e d t u f f as a b o v e , w i t n a few f r a g inert t s c o n t a i r i i n q 
w h i t e t o l i g h t g r a y c l a y a l t e r a t i i j n , . 
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midnight. The other two were likely missed around the 
700 ft. depth, again near midnight. The sample 
description depths above a re in keeping with the 
sample labels rather than having been ad,iusted for 
omitted saimples. 

The first prodLtction fractures were encountered at 
82-3 ft., showing only a .'jump in the blooie line 
tempTerature., ContinLied small fractures were 
encountered, with additional increases in line 
temperature to a depth of 843 ft. At 843 ft. a 3 ft. 
op'en zone of no bit resistance was encountered. The 
bulk of the steam piroduction comes from this -3 ft. 
op>en zone. 4 ft- of rat hole v-̂ as drilled below this 
fracture. 
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Corporate Office: 
7350 E. Evans Road, Suite B 
Scottsdale, Arizona 85260 
Tel: (602) 99&-3991 
Fax: (602) 951-9570 

Production Office: 
3761 South 700 East. Suite 200 
Salt Lake City, Utah 84106 
Tel: (801) 263-8300 
Fax: (801) 263-1703 

Auqust 8, 19S8 

Mr. John Solum 
Utah Division of \later Resources 
1636 West North Temple 
5a1t Lake City, UT 84116 

Re: Geothermal Drilling Permit (GDP) applications for slim holes 588-1 and 
S88-2; Cove Fort-Sulphurdale KGRA, T26S, R6V/, Sec 7, SLM, Beaver County, 
Utah. 

Dear -.John: 

Approval is requested to drill tv/o explorat.017 v/ells., S88-1 and S88-2. in 
support of this request, the following are attached: 

1. Geothennal Drilling Permit application, 

2. Drilling program, including BOP configuration. 

.3. Area drav/ing, showing v/ell iocation relationships to federal/fee 
boundaries, pov/er lines, etc. 

The drilling program is based on Mother Earth Industries' (MEI) experience in 
1987 with the two slim-diameter exploratory holes successfully completed. 
In the case of S87--4, a live steam zone was encountered and evaluated. The 
BOP's, casing/cement, and wellhead assembly were found to be very 
effective in handling these steam conditions. As such, the attached program 
reflects this experience-
Mote that these wells are located on fee land in the W1/2SVVI/4 Sec 7, 
T26S, R6W, SLM, Beaver County, Utah; This land is ov/ned by Delano 
Development Company (DDC). MEI is nov/ finalizing an agreement with DDC 
to allow this drilling activity. MEI recognizes that any drilling activity 
taking place on DDC property is subject to DDC authorization in addition to 
State approval. 

file:///later


These v/elis are intended as eiKploratory v/eils, the relatively srnall 6 1/4" 
open hole is too restrictive on steam flov/ to allov/ comrnercial production. 
Only a short-term (less than 24 hrs) flov/ test to evaluate stearn zones is 
anticipated, tf a commercial-quality producing fracture is found, then a 
nearby adjacent location would be permitted at a later date as a full-size 
(12 1 /4" open hole) production well. If the exploratory well is dr-y, then we 
wil l have spent only $50,000 instead of $200,000-$2.50/J00 to obtain 
exploratory data. 

Thank you for your handling of these GDP applications. Please call if you 
v/ould like more information. 

Sincerely, 

Jay C. Hauth 
Operations Manager 

cc; Wayne Portanova 

,.!CH/ 
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Authorization is granted to Mother Earth Industries, Inc. io perform geothermal 
exploration drilling activity on Delano Development CJorporation property, as 
follows: 

Well Designation: S88-3 

Well Location (appi-oximate): South 2951 feet, East 990 feet fixun the NW cor. 
Section 7, TiGS, R6W, SLM, Beaver County, Utah. 

I 
I 
I Authorization to perform geothermal exploration drilling 

I 
I 
I 
I 
I t̂Zr-Zr̂ ydyvL d^U rtiii.:®d. i7Zm 
I

Thomas D. Canada, President, 

Delano Development Corporation 
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