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COMPLETION REPORT FOR S-87-4 

Sulphurdale, Utah 

I. ABSTRACT 

A geothermai exploratory "sii rri hole" designated 3-87-4 was 

drilled on Mother Earth Industries, Inc. F'ederal Geothennal 

Lease IJumber 029557 between the dates of Aug. 1 and August 

12, 1987. The well is 2580 -ft. south and 1333 11 „ east of 

the northwest corner of Section 7, T26G„ F̂ :6W. SLB&ri., 

t ' : : : , , . ^ . ] . - , , - : , 

l e l 1 p e n e t r a t e d h i g h l y f r a c t u r e d and s i q i i i t'1 c a n t l 
JC!:;S o f t h e u o p e r z o n e o f t h e Tl" iree Creei: ;s T t i f 

i"l e m b e i • a f t In e B i.; 1 1 i c:) n [;; a n v a n V o 1 c a n i c s e i-' i e s (I" 1 o o i-
:U1ID' 

•:, [••! t : 

anci 
1 9 7 9 ) a n d e n c o u n t e r e d s t e a m w i t h soiVie H:;v;S a t 9 4 1 
e f t; a s t •s C3 f p r CJ d u c: t i v i t y a n d a f n a 11,:: o n d e r" s :i. 1:; 1 e g a 15 

:=;:i. i l i i 1 :i. a r co c n a c o r o a L i c e d t r o i Jill w e l l s 3 4 - 7 A a n d 3 4 - - 7 B . 

The w e l l was d r i l l e d t o a t o t a l d e p t h of 1038 f e e t and h a s 
1 . ] been s inut i n pe i ' i d i ng j i^ lans t o d r i l l a i'i o f f s e t t i n t y ; - • ' l i.iC'c 1 o n 

o r 1 liie cor i t r a c t o r t o r cn w e l 1 was S i e r r a D r i 1 1 i ng 
Coi i ipany, S a l i n a , U t a h 5 t h e d r i l l i n g p l a n was d e s i g n e d by 
H i ] I i a o 1 J a c k s o n o f S a l t L a k e C i t v , U t a h ; s u r v e y s w e r e done 

b̂  -I fi !••• 1 •BB t . n ,::s 1 n e e r 1 n ( y •) Inc, Fillmore, Utah;; Safet^ 
Eier v i ces> w e r e p r o v i d e d b y B e l l S a f e t y o f E v a n s t o n , ; W y o m i n g ; ; 
wa 1 1 ••:;i t e g e o 1 CJCJd ;.::a, 1. < B U p e r V i ^Si O n w a s b y G e t s t h e r 1 na 1 Manage / i i e i " i t 
l!)cjii ipany o f E v e r g r e e n , C o l o r a d c j ; p e t r o g r a p h i c e;; a m i n a t i o n o t 
d f ' i l l c u t t i n g s w a s d o i i e b y J c j s e p h M o o r e o f S a l t L a l ^ e C i t y , 
1J t a l-i. A1 ]. a t h e r a c i: i v i t i e s i'j e r- e c o n d u c t e c:! !::) y M o t h B r E. a r" t hi 
'[ ndu.-st r i e ; ; „ 1 i'ic . 

" h i s c o m p l e t i o n rt-?pc:)rt i s s u b r i i i t t e d i n c o m p l i a i i c e w i t h 4::;: 
;FR 3 2 6 0 a n d GRG O r d e r N o . 5 . A l s o s u b m i t t e d i s USGS F o r m '-?•• 
9 o ''...'1 a. IJ P r o fj r 1 a i: e .1. y r;- •-i fii p 1 e t e i::l. 



I I . LOCATION 

MEI e x p l o r a t 
id i'i ear ' Scil p l i c i r d a l e , i r i Beaver ' Ccjui'i'by, Utai"; t-̂  
- o r t - S u l p h u r d a l e KGRA. 

he w e l l i s 2580 f e e t s o u t h and 1333 
Crf Ll'ie i"ior'(:l"iwcjst c o r n e r cif Se 
365 f e e t S38W o f M E I ' s p r o d u c t 
!•••'edeI'"a 1 Geo 'bhermal L e a s e No,, U 

c'Ci o n 
i. Lji'i w e 

F-' j. gur"e :!. c:iep i c t s t h e l o c a t i o r i CJf t r i e w e l l i-e 1 a t i v e 
sec 'L lO I"! c:: o I'"" n e r';; F" i g u r e l a i ;; a " t o p o g r a p h i c inap •:: 

•r p e 

• I - ',-, -:::. 

• ] • ; arB::i,, w h i l e f - ' l a t e I ( i n t h e nc 

i s a l e t t e r o f cof i i i i iendat i on f r o m t h e U . S . Bcu-eau o f Land 
Mar';ageiiiei'it t t j • MEI wi 'Lh r'eg a r d t o M E I ' s f::tji"icern and 
ccii"i'cr i bi.cli i cii"is i r i 'Lhe fiianagemen'l: o f p u b l i c l a i ' i ds as ev idenc iec l 
!;:) V '': he i i ' " r e l ania't i oi"i c:)f d r i l l s i t e s , , 

I 
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III. UIELL DRILLING AND CONSTRUCTION HISTORY 

In order tc3 cost--et feet i vel y search •far extensions of the 
d I" y st e am g eo 11' i er ma 1 r esCJUr c e c:l i sc o ver e cJ i. n wells 34- 7 A an d 
34-7B, expl oratoi--y well S'-37--4 was drilled in a "slim hc:)le" 
c oi'l i i g uf •• a 'I:, i oi"i a s f o l l o w s: 

On August 1, 1987 at 4 F'M Sierra Drilling Company spudded 
u-sing a 17.5" bit fcjr the conductor casing. On Aug. 2, 40 
feet of 13.375", 54. 5#/l'-'t. , K-55, ST?<C casing was landed at 
33 feet and F<edi--Mix cemented in place. Us ing. a 9.875" bit, 
the cement was drilled out in the evening of Aug. 2 and 
drilling proceeded to 250 feet at which cJepth , on Aug. 3, 
7",, 20#,'''F"t., J--55, EBT?a; casing was landed and cemented in 
filace wi'l:h a type G high temper a't: ure mix'ture. Augus'L 4 was 
spo.̂ri't cutting off casing and riippling up and 'testing all the 
blowout prevention equipment ar\ the 7'" casing. Appraval of 
the pressure test was obtained from the BLM representitive 
a't. 0030 iirs on August 5. 

After tagging cement at 100 feet, drilling resumed on Aug. 5 
with a 6.25" F4 Smith button bit, and continued at an 
average rate of 5--7 feet per hour until TD was reached at 
10 -3 8 f e e t o n A u g u s t 12. W h e n a 1 1 m u d c i r- c u 1 a t ion w a, •s 1 a s t a t 
905 feet, air/foam drilling was started. All drilling beltDw 
905 feet was blind, that is without returns of any kind t a 
the surface. 

A steam eiitry was rec:artJed at 941 feet on Aug. 11, however 
drilling continued in search of lai'-ger inflows. Drilling 
progress below 980 feet was very slow due to highly 
fractctred but silicified rock. F\ota'ting head i"'ubbers 
required frequent replacement and on Aug. 12, with a worn 
Cl u 't h i t -a ri d B n o t ti a r r u i n e d r u ta b e r , t [", e d r i 11 i n g w a s h a 11 e d . 
The drill string w a s strippetJ out of the well c a r e f u l l y , 
ijbserviiig all a p p r o p r i a t e s a f e t y m e a s u r e s a n d , af'ter a 10 
iiiinute steam escapie d u e t o , a fa u l t y v a l v e cjn the BOP 
a(::cumul ator , the well was shut in at 1910 hours. 

A drilling hi story, dest:ritaing daily events between August 1 
aiid August 13, 1987 accoinpanies this report as Appendix A. 
F'igure 2 is a profile of the well as completed; Figure 3 is 
a drilling cur^ve showing the i-ate of drilling progress, and 
Figure 4 shows the Blowout f-'reventer stack used on the 7" 
casing. Appendix B, attached, is MEI's basic drilling 
procedure developed fcDr slim exploratory wells. 



IV. WELL TESTING 

Exploratory well S--87'-4 encountered a significant steam 
entr'y' at 941 feet while drilling with air on August 11, 
1987. The well was deepened to 1038 feet in search of 
adciiticjnal entries, soine cjf which may have been found. The 
well was bcjtttjmed on August 12, and on August 13 a brief 
f 1 cjw test was coi^iducted. This test and its results art:^ 
described in the August 14, 1987 Memorandum to the MEI Files 
by Jay C. F'lauth (MEI Operations Manager) that is presented 
i l'i t he -f o 1 1 c:)w:i. ng •:;;ec t i ori of t h i s r e p o r t . 



k^m^y^TRX^iJfc 

August H, 1987 

To; File 

Re: SST--̂  Flowtest 

The referenced well was completed to 1040 Ft. TD, RKB on August \2. 1987, 
with 7" 20 ppf casing set/cemented to 250' KB, and OH 6 1/4" to TD, The 
vyell was intended as a slirn-diameter exploration hole to be drilled into the 
production zone in order to determine/verify lithology, fracture depths, 
.steam characteristics, etc. 

On August 13, 1987, ttie referenced well v̂ as f lowtested for a period of 50 
minutes through the BOP/blooey line configuration used for air drilling the 
well. The blooey line v̂ âs equipped with a lip pressure tap to be used for 
estimating flowrate, and a pressure gauge was installed to read WHP 
immediately above the 8" master valve, A 1/4" x 20' SST condenser coil 
was used for gas/steam sampling. 

Prior to the test, the well had been flowed while drilling at steam 
flowrates estimated to be approximately 20,000 Lbm/hr. @ 8-10 psig WHP, 
Note that the flov^ area of the open hole is significantly reduced with the 
drillpipe and collars restricting flow. Open hole area is approx. 31 sq, in,, 
while the annular flow area with the 2 7/8" DP is 24 sq, in, with 18 and 11 
sq, in, respectively for 4" and 5" collars. 

With the DP and BHA out of the hole, the MV and blind rams were opened at 
approximately 1315 hrs on 8/13/87. The wel I (which had been shut in for 
19 hours) came on immediately. No pressure above atmospheric was 
observed on the lip pressure, indicating that sonic velocity was not 
obtained. The minimum flowrate (per Hiriart equation) that would have been 
required to obtain above-atmospheric pressure is about 40,000 Lbrn/Hr. 
However, my observations were that the well nearly reached sonic velocity 
at the lip. it is then estimated that the well produced 35,000 Lbm/hr @ 
15 psig for the duration of the test. 

Executive Offices: P. O. Box 5107, 6528 Old Paint Trail, Carefree, Arizona 85377 (602) 488-3588 
Production Office: 3761 South 700 East. Suite 200, Salt Lake City, Utah 84106 (801) 263-8300 



The following additional information was taken: 

Shut-in WHP: 51 psig 
Noncondensable gas, % of mass (2 tests): 5,4% and 5.8% 
Condensate pH: 5,5 
H2S concentration in NC gas: 8000-10,000 ppm (Approx. 430-580 ppm in 
total mass flow) 

After 50 minutes of production, the well was shut-in when an elbow In the 
blooey line started to wash out. The SIWHP of 51 psig was obtained in less 
than 15 seconds after shut-in. 

Conclusion: S87-4 has a number of geochemical similarities to the 
production wells, with a leaning towards the (more desirable) gas 
characteristics of Olga, The well shows the typical fast buildup to the 
shut-In WHP of 51 psig. Further testing wil l be required to determine 
productivity. Interference, etc. 

Jay C. Hauth 
Operations Manager 

JCH/ 
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V GEOLOGY. 

'T h a C CJ V CJ :"' c j I'" t -" S u 1 pi l"i u f" c;l a 1 e K" e g i cj n , i ri B a u 't l"i w e s t e i'" n LJ't a t i , 
c: c; lli p i-" i.;;; e s f cj l cl e cJ a i "i d f a u 1 t e cJ :̂> e ci i in a i"i t a r y a n ci iVi e t a:;:; e cl i in e n t a r" y 
i" c:) c k::, a f F'' a 1 e a; ; CJ i c: t C:J I 'i e -;:; CJ :;: o i. c. a g e t h a t a r e o v e i- l a i n , 
•s e ĉ  u B: l i t 1 a. 1 ]. y , IJ y t31 i g c:i c; e i "i a t o i''1 :i. CJ C CJ i'i e a g a a';:; 1 "i •- !• 1 a w 't u -f f :J a i"i cJ 
Q c i a t a r n a i " " y b a s a l t s . A l l ci f t h e i'"oc:F:s exc: :ep' t t h e b ; . i s a l ' t s h a v e 
bcvoi'i i I' i ' iu'xiciad l c : i c : : a l i y i.jy i'Ti. cjc:ai'te c:|uar"t:;' i v i o i i z c ^ n i ' t a a i " i d / a r 
1 a t i 't e p ••:':! r p i"i y i-" •/ •;;;; t o c k s; , a, i 1 'i. a , a n d i'i i Ic e a . 

'T' i i e r CJ C: k s p a n e t r" a t e ci :i. i "i Sii cii:7 1̂- c: CJ n •a i s 't e ri t :L r e l y CJ f iL a v a s , 
i:j r €' c c: i a iî  r i c:l a a h f 1 c:) w Li u f • 'f a t:i e a i q ct a 'L. e ci a;;:; t t i G "I" I"I r" a e C r' a e L̂: a, 
Tui- ' f t ie i i ibc j r cjf t t i t j B u l l i o i ' i C a n y o n v i j l c::ai"ii c:s (cjr'ie o f t t i a 
CJ ;.rie'::;;t iirf 'L:!"ia VCJ I c::ai"i i c: c u " : i t s ) „ Tl ' ie T t i r a e Cr"c?aF:s 'Fuf f i'i a s 
t t i i ' " a a cJ i <;i 11 i "i c: i'i zone:; ' ; ;; a n a p p a r acicl a ). c jwer ?:ona cjf rc!cl t c j 
q ; " ay d e n s e l y w e l d e d t c i f f anci a (Vi ic ic i le w-CJiie c;if p c ; i o r l y i / j a l c i ed 
w l " i i t i 3 LL;.ff ' , iiiiiii"ily tL'it? 1 c'jwer'" ;c..ji'ie o f 'ci"ie Ti"ii-"'ee Creek': :c T u - f f i ' ias 
i::) a e i"i i ri a r.; p, B ':..', :i. i "i 11 "i a a c" a a o •!• i r 11 ie i'" e a ' t . 

T l i i s 1 CJ war" linos t i rcjne o f t l ' i a Tl"i i ' 'ae Ci- 'acjks T u f ' f h a s b e e n 
f Lir'!': I"iai-" au!:::. ci :i. v i clCJa :L ;"i t c:)' t v-ia c a o 1 i i'ig ai"\ i ' t ; ; . Ti"i e . c.ipipar ui"i i. t i a 
c:i i a r a c s t a r i 1; aci Liy t j u i ' i e i ' i i " a l p l a t e s o f j j i c ^ t i ' t e u p t o s e v e r a l 
i i i i 1 1 1 i i i i i j ' tai '-s tgidoc a i ic i e u L i e c l r a l ( b e t a mor 'p l ' i c j l o g y ) c:iu.~ir'tz 
i.::i-" y s ' t a l s wi"i:i, l a t r i e i" c; c: i:; s cjf t l ' i e 1 c iwer c:: c:) o 1 i n g u n i t a r e 
i i i i I ' l e r a l Cig i ccal 1 y cLie aaitta: t i u t iiiuccti f i n e i - g r a i i ' i a c L , 

U !"i 1 1 k a w a 11 S - 3 '7 •- iL w I "i i •c. i i p a i', a L: r a t e ci L:i cj 111 a f 11 "i e c:: o CD i. i n g 
Ui i i t s i n t l ' i e 1 i:jwei' p o r t i o n o f t L i e Tl"irc?e C r e e k s T u f f , w e l l S -
fii 7 •"•• -i- a\ i c a Uii t a r e d a i "i iL y 't i i a ci p ,p a i'" , c: cj a i-" a e g r a i. i i e cJ c: CJ CJ 1 i n g 
c .u ' i i t . "H" i is s u g g e s t s th ic i a; ; i s t a n c c e o f a f a u l t L j e t w e a n S — 8 7 - 1 
ai'ici G-'t37'"4 i,Mi'cli t l ' i e l a t - t e r w e l l i n a Ljlcjc;;k w t i i c i ' i l i a s L jeen 
cicjcji' ithrcji'oi'i Ljy ect l e a s t 22(iii f e e t . I t i s i ' l o t c : l t ^a r " , f rc i im t h e 
c;ivi dc^i icxc p i ' " c j v i c i e d l:jy t l i e c::i.itt i n g s , w L i e t l i e i " t i l l s f a u l t i a ar i 

o ] ciei'" , s i i i c : a s e a l e d , CJ a c i t c j a s t t r e n c l i i ' i g s t r u c t u r e o r a n 
Cif f sl'ic:!Q't . o f t t i a s t a a i v i c:cji"iduc:'t i n g n o r t l i ' - s c j u t t i f a c i l t 
a l'i (.: a (..i n t a r a d a t 9 4 1 f • a a t . 

i;-̂ l t ! , ; / r a t :i o! i ci f t t i e S--87 1̂ i"i::ic:F:s i s p rede:) ivii n e n t 1 y o f 'tho:j weal:: 
t o ( u o c i e r ' t a - a i - g i l l i c : t y p e , , T t i i s a l t e r a t i oi'i i i i c l u d a s p a r t i a l 
ti.:i c:c:jiiif:i 1 e t a rc:->|::i 1 ac:ei i ier ' i ' t Cjf f c v i d s p a r p l " i e n i : : i c ; r y s t s l::)y c : l a y 
a i i d / a r c; a r I:: c J i "i a t a ar i i i a i-" a iL a ., a 1 t e r a t i c J i "i o t- hoi-" i "i b l e n d e t c J 
c: L'll o r i t e ai'icl c:a! " t i c i n a t e a n d m i i ' i c j r a l t a ( " " a t i oi' i cj f t i i c i t i t e t o 
I' ieii iac i t a , c : : l a y ; ai'ici i i"i iii!:Dr~e i n t e n s e l y a l t e r e i j s p c r t s , p i y c ' l t e . 
I i ' i •',:. a I "i:;;; a ;:; i 1 :i. c:: i. f i c:: a t i c:) r i , ; a a s o c: i a t e cl w i t l'i L) r" e c: c: i ;ii t i c:) i"i , w a s 

n c j t e d i i ' i t l ' i r ac? s e c : t i o n s w i t l ' i i i i 3 S 7 - - 4 . T l i e s e s i l i c i f i e d 
s a c t i c : i n s . ; t o g e t t i i j i r w i t l i t t i e u b i c^ui t i CJUS a l t e r a t i o n i i"i S ' -S7- -4 
s u g g e s t t h a t t l i e w e l l w a s c i r i l l c j d i n c:)r a t l e a s t c l o s e l y 
f Ci 11 Ci w e ci CJ i'l e o r'" m a r a m a j C:J r , i "i o r t h --';:;; c:i u t h t r" e n d i i"i g a t e a m 
c:: CJ i 1 ci ci,:: 1111 c:; ; a u 1 t';:;. 

i'̂  11 cii c !"i e i:::l, a s A p p e n d i ;< C , :i. s a il i t ti o 1 o g i c d e s c r i p t i o i' i a f 
ci I'' 1 1 1 c c; 1 1 i n g s f r' o in t h i s we 11 t c J g e 11 "i e r w i t l ' i s o m e 
i n t e r " |::i r" e t i. v e c:: CJiviliiai"i t a . 



V I . PERMITS 

r-l •:.-.:- V \::: q •.. 

'! •; r 

i i ' e d tiy l a w , MEI a p p l i e d f o r a n d r a c e i vc^d p e r m i t s i o r 
111::. I'ig viel 1 S'--S'7--''i •fran) tL'ie t l „ S . Bcireai.i a^t L a n d M a n a g e m e n t 

ai"ii:J tL'ic^ Utal ' i Di vi';:;;i CiCi o f W;ictc;:'r F-<asoui'"ccjs „ A l s o a s r e q u i r e c i , 
ai''ici IGCJI cjcri. c:al c : : l e a ra r i c : a cjf t r i e s i t e w a s c i b ' t a i i'ied v i a ' t t i e 
.BL..;1 ''::::• c;r cd"iecil c:ic:i i c: a l c::c:)nsul 'tarvt t ir" 'm cif l n t e r s a a r c : l " i . 

t "icjcl Cc') "tli 1 s i"Cj|::iC3i'""C 

J 1 1 LJ !..'. 1 1 '. 

'-j. a t a p p Ci i"i d 1 c:: a a i.., .!. c i"i r ,3 ci g i"i u ~•:.• a i" ' a 
1 c:i c:: .1 ea i ' " ai"i c:: B a r ei::: a i ve;c:! ai"i ci CJ"r 
:c'i pc/i^'fiii t CiC:c|ui Cil 11 cii'i ai'ici cojiii|::i 1 i a i " i c : e . 
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IN REPLY 
HtFEH TO: 

3240 
l)-057 

United States Department of the Interior 
i^^UeC ^ 

BUREAU OF LAND MANAGEMENT 
WARM SPRINGS RESOURCE AREA 

15 EAST 500 No. 
P. O. BOX 778 

FILLMORE, UTAH 84631 

October 13, 1987 

Mother Earth Industries, Inc. 
3761 South 700 East 
Suite 200 
Salt Lake City, Utah 34106 

Gentlemen: 

On September 21, 1987, Toby Manzanares, Geologist, from the BLM Warm 
Springs Resource Area held an on-site inspection of previous 
disturbed areas that need reclamation at the MEI Geothermal Project 
at Cove Fort, Utah. 

Toby has reported to this office that the efforts being taken by Mr. 
Mike Fry in the upkeep, and reclamation work at MEI's Cove Fort 
Project is beginning to show as an outstanding endeavor. All the 
drill holes drilled in the past were visited during the inspection 
and the reclamation work discussed. It was agreed by both parties 
as to what areas at the drill sites need to be contoured, cleaned 
and reseeded. The whole geothermal production complex has never 
looked cleaner, as well kept and orderly as it is now. 

The BLM Warm Springs Resource Area extends its compliments and 
thanks to MEI and its personnel, particularly Mr. Mike Fry, for 
their concern and contribution in the management of the public lands. 

Sincerely, 

Dave Henderson 
Area Manager 
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air-90; 300 '-Ti ̂--80 , To^-SS, air~90. 



I 
I 
I 

I'-'00i-l. T w i s t e d c i f f b e t w t i i e n 4 " ( c o l l a r ' s a n d s u b , 
'F r y f i a i "i i i"i g w i t Li ^L. 5 " CJ v e r s 'n a t . i'4 o a u c; c e s s . 
T7-y t c j t w i s t i n , f a i l e d cii"ic:e t h e n s u c : c : e e c i e d 
a r i d r a c r c j v e r e d -I i s t i . 
l i ) r i l l ai 'icjaci iiiiifJS-iiiii2(7 ' „ F ' r ac r tu i ^ - ec i a t . i 3 1 5 ' . 
F-' e l'i a t r'" a t :i. o i"i r" a ' t ci A- •- 5 ' 7 l"i f". 

L ? - : > ,-• 

( ' ) i7 (" ) r : --24(iiJ(iii - D r i l l a t i e aci 3i2(7 4 1 ( j ' „ D c - i l l i n g r a t e 4—6 ' 7i"ir 
F r - a c t u r e s a t ; ; 3 2 6 , 3 7 5 , 3 9 8 - 4 0 0 , 4 1 0 , Mud S t a -
t i a t i. c a s i7 2 (7 ' •-' i" i -:: '7 B ,. T o -- 8 ij , a i r -••• 7 8 , v i a -" i3 4 , 

'J 

:,(::> O w t . ^̂ ^̂ 7i:!„ 7 . 

w (i „ ••-'••/ „ 9 ;; i3c!(iii ' - - T .i. ••-B^a , T'c:)~-7ii!2 , 

W t . •-•• iiii . (iii ;; |̂. 1 (ii ' "I" :j. ::::: "/ 9 ,, "L' O •"'• t i -̂L , 

i,') t „ -•: 7 „ 9 ., 

T c:i =••• fii 2 , a i i-" =-• ib ( i . ' , v i a ••-• ii'ii iiii, 
::> .a s.' •; c...:::: "•:: a a 1 r" 

•icL r - 5 6 „ 

D r i l l a h e a d 4 1 0 

•'••l-DC..' , 

54 i . 

...... -T ., 

..... ,| 

:u!'"f 
1.90, 
'Rue 

'• i a -

d . i:::---

' 1 iC-

. . ! t . ••: 

1 "7 1-1 7-^;:|-1 
i'' e i"i e t r a t i ci i i r a t e 5 -

•/', 4 2 . 7 ,j 4 5 6 , 4.:':J(..( — 4 6 8 , -4 

' h r 

: 5 (..'-.:;. 
i s t 
7 3 4 , 

, 5 ( J o 
a t i s ' I 

w t . •-
w t „ :' 
c j t „ '--
w t „ •••-

., r:.~, /I. ( 

i - ^ 7 0 

I s l l 
4 2 0 '• 
4 4 0 ' 
4 6 0 ' ' 
4 8 0 ' ' 
5 0 0 ' • 
7 4 , 
8 , a 

j s t ) ;; s c j f t a o n 
• T i :=8(7, TCJ . ' "S7 , 

- T i - 8 0 , To-7ii>a, 
- T i ^ = : 7 9 , To:::^S6, 
- T i - 7 6 , T C J - 8 4 , 
- T i - ^ S O , T o = 9 2 , 
Fo^^94 , v is^ :^^40, 
. r . - 5 2 , v i s - - 5 2 , 

C. a t 
a i r" -•-
a i r --•-: 
a 1 r --
a i r ::•-
v i s -
w t . -= 
w t . -

D r :i. 1 1 a I "i a a cJ ti 5 5 - 6 6 0 „ f-' B I "i a: t r'- a ' t i CJ n t" a t e 4 — 5 ' 7 h r" 
V a r y h a r d ( < - 4 ' / i " i r 5 6 2 - 5 6 4 ) m a d e 1 . 5 b L j l s 
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L'i i 1 a n g e ci v e i" t Ci a i i ' / f CJ a in ci r" :i. 1 1 i n g cs y s 't e iii. 
p r i l l a I "iCi'ad 9 (75 9 4 1 . 
!-• a n a 11'" a t i t j c i i-" a t cj 1 (7 - :l. 5 ' / L i r . 1-11 t a i "i C31 Li e i" 
f r a ( c t u r c j a t 9 1 ( 7 . B l c j w clciwri L ' l o l e c : l . e a n i r i g 
o u t a l l iii(j.d a n c i c c c t t i n g s . A i i " r e t u r n t e m p -
eI ' -a t u r e ; ' 2 4 ( 7 " . i i t e a m _enJr.r.iy a t . . . . .94 1 _!_.._ 
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Drill ahead 990-1025'. Fractures at: 995-
1001, 1010, 1011, 1017. 
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EXHIBIT A 

IJK'ILLIV-J G_PEOCM)l)Mk 

Re: Geothermal Operations 
Mother Earth Industries, Inc. 
Drilling Procedure 
Cove Fort Strat Tests 
Beaver County, Utah 

Originating 
Office: Mother Earth Industries, Inc 

Geothennal Operations 
Salt Lake City, Utah 

Date: March 2?, 1987 

By; Bill Jackson 
x̂ s.,) ^ s ^ -7 S t , <; (c—'--'•/'yf,,) 
V̂<--;-; /i-v - iT-w 'i ( , n s L f u . /-> 7 7 -. 7-'. c- \ L LJ>-. 1) 

OBJECT 

Drill a 1500' geothennal exploratory hole for 
obtaining data which can be used as part of long 
at Cove Fort. The drilling procedure will be to 
hole to - 25O' and set and cement 7" casing; and 
hole to T.D.. Enclosed is the detailed Drilling 
attached Programs and Attachments. 

the purpose of 
term development, 
drill a 9 7/8" 
drill a 6 1/V' 
Procedure with 
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JOB MOTHER EARTH INDUSTRIES \JELL 34-7A 

HIGGINSON-BARNETT, CONSULTANTS 
106 West 500 South Suite 101 

BOUNTIFUL, UTAH 84010 
(801) 292-4662 

SHEET NO. 1 OF 1 

CALCULATED BY K B & D A B 
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A..= ; f a u l t !zone ( p o s s i b l e ) 
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Fe ioxidatiori 

Tbtu - Three Crieeks Tuff '7' 
Member of Bullion Canyon \ — 
Volcanics, upper unit, i 
Light to diairk "gray crystal- " 
rich ashflow tuff containing 
phenocrysts of plagioclase, 
hofhblende (chloritized),\ 
biotite, and quartz iin a i — 
gray glaissy matrix, i Exibits 
weak propylitic alteration^ 

Tbtl - Three Creeks Tuff 
Member of Bullion CanyonJ 
Volcanics, lower unit. L—| 
Light gray ash-flow tuff 
niafked by the presence of 1 
purple xenoliths of lava -
flows and a less abundant \ 
pheriocryst cbricent. | Exhibiits 
weak propylitic alteration. 
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COVE EOK'T STl-̂ AT TEST 

V;ell Plan Overviev; 

Well: 
Location: 

Cove Fort Strat Test 
Beaver County, Utah 

Depth Hole Size Mud System Casing Cement BOP Stack-^ 

7" 0 

+ 250' 

I5OO' 

9 7/8" 

1 
1 

6 iA" 

4̂  . 

id M Spud Mud 
Gel - Water 

1. 
A i r , ]''oam, or 
Gel/H20/Polyraer 

, 4^ 

Cement Slurry: Class 
"G" or "H" Cement 

Ju Reference 
Attachment 

1 

7" J-55 20// ST C-C 0 rd. casing @ 35O degrees F; 
Burst= 2992 psi, Collapse= 1816 psi, Tension= l87,OOOr;̂  

All Cement Jobs: TOC= ground level; Volume calculated v/ith 
50% to 1 OCT/i fexcess in open hole. 

-̂  All testing pursuant to GRO Order 2 with advance notice to 
BLM, Richfield, Utah, for witnessing. 
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PE1-;TI11.'̂ ;HT DATA 

Pronosed TD 

T'O cation 

Datum 

Bis 
Estimated 

15OO' 

All depths refer to L'KB, unless otherwise 
indicated. KB height should be measured and 
reported on the first day of drilling. 

Cost 

AFE // 

Obiecti.ve 

C$iSir\fK 
Propiram 

Antj .clpated 
Problems 

Sierra Drilling Pig // 

P(9 î}0(X^ 

To obtain geological and temperature data. 

+ 250' 7" J -55 20// ST2:C 8 rd . range 2 Surface 
c a s i n g . 

1. 
2. 

Lost circulation anywhere below 1000'. 
Possible U^S (reference "HpS Contingency 
Plan"). "̂  ^ 

Pre-Spud 
Work 

2. casing. 

Prepare location, build road, and dig 
reserve pit. 
Modify 8" Starter Flange td fit 7" 
The ID of the starter flange is 8.75". 
This ?iiust be done is such a v/ay that .• . 
collars will not hang on the edge of the 
starter flange as they enter the 7" casing, 
i. e., the top of the reducer must be beveled. 
It would also be desirable that the 7" casing 
enter the reducer only i|" and encounter a 
beveled reduction, so that it will sit level 
on top of the cut-off 7" casing v/hile it is 
being v/Gldcd(it needs to be beveled so that 
the 7"casing can be v/elded to it on top and 
the weld v/ill not restrict the ID of tho 
casing.)Be careful that the starter flange is 
v/elded perfectly true onto the reducer, so that 
the ROP stack will sit level, A l/ij." 
needs to be drilled 
the reducer so that 

installed to facilitate testing betv/een the 
upper and lower v/elds. This hole should be 
threaded for l/i|." HPT, It would also be desire-
able for tho reducer to be 1/|" in length so 
that i;" could be inserted into the starter 
flange, i|" could be slipped over the 7" casing, 
and this would leave 6" in the center. This 
would allow the boring of two 2" holes located 

A l/ij." hole 
2" up from the bottom of 
a greaso fitting can be 
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I 
in the center of the reducer and spaced 180 
degrees from each other. High pressure 2" LP 
collars could then be welded to the reducer 
over the 2" holes. These collars raUst have a 
v/orl:ing pressure of at least 1000 psi.. This 
v/ould call for a reducer 1/j." in length, OD of 
8 5/8", ID of 6 1/2" (bored to 7 1/8" for the 
bottom If"), v/ith tlie top of the 7 1/8" bore 
and tlie top of the 6 1/2" bore beveled. 

Environmental : 1. Line reserve pit to prevent seepage. 
2. Contain all drill cuttings and drilling 

fluids, as well as site drainage, to the 
reserve pit. 

3. Have UpS absorbing drilling fluid products 
on hana (i.e., zinc carbonate and zinc 
chelate) (Sorb or Hpl^ess). 

i\.. If the reserve pit will be maintained for 
future purposes, then it should be fenced 
prior to rig release. 

5. iiaintain enough fluid on hand (at least 
tv/o hole volumes) and keep rig pump con
nected to the kill line during all 
drilling opei-ations, 

6. j'iud Engineer should be available at all 
times to help monitor for and control 
any threatened blow-out. 

7. Caire • should' be t̂ ken.̂ that discharge from 
the b].ouio line, v/hile_.air drilling,'is 7' 
never in the direction of any pov/er lines. 

Ilotj.fication 
of Authorities : Prior to the following activities: 

1. lioving in (1 to 2 days in advance), 
2. Prior to Spudding (2/|. hours in advance), 
3. Major change in procedure, i.e., casing 

point (ASAP). 
ly. Testing EOPs (Zly hour advance notice), 
5. Serious accident/mishap (ASAP) 

liotify the following; 
State of Utah - Water Piights Division (One 
of tlie following); 

i(j.ciimxx!)LKaii (:a(33:xx^}i}iX'HXE9X 
Gerald S toker 586-i|231 
S t a n l e y Green 533-7l6i|-

Bureau of Land Management (one of the 
fo l lov / ing) ; 

Don Pendle ton (801) 896-8221 
John Branch 896-8221 

ya«i(9G(ScxD[oai3ii(i£Ciis(afi: 74]i;(sa^yjc 
F o r r e s t Se rv i ce (one of the fo l lowing) ; ' 

Del Randal l (801) /i.38-2/f36 
Darv/in Jensen i|.38-2i|.36 

Opera t ions 
'Manager : Jay C. Hauth (801) 263-8300 ofc, 

268-9369 r e s . 
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MOTHER E/VRTH INDUSTRIES, INC. 

COVE FORT STRAT TEST 

March 27, 1987 

Si'lQUEllCT': OF OPElvATTOMS 

1. Prepare location and sump as per design drawings. (Must be 
oriented so that rig is at least the mast height plus 25' 
from any pov/erlines). 

2. Move in and rig up rotary drilli£ng rig,-'.--

3. Pick up 9 7/8" drilling assembly and drill out using mud. 
Drill 9 7/8" hole to a total depth of +250', depending on 
geology. Take directional surveys every 100', Maintain 
hole as straight as possible. Maximum deviation at total 
depth to be i\. degrees. Maximura rate of change to be 1 1/2 
degrees per 100'. Monitor flov/line mud temperatures every 
20 feet. Catch formation samples every 10'.' 
/ 

i|.. Circulate liole clean. Malce wiper trip. Circulate and 
condition mud to run casing. POOH and lay dov/n 9 7/8" 
drilling assembly. Rig up to run 7" casing, 

5. Run 7" J-55 20;/ STP.C,range 2,8rd, surface casing to total 
depth and cement v/ith API class "G" or "II" neat cement. 

6. Install 7" X 8" AMSI 300 Series wellhead and 8"AHSI 300 
series master gate (v/orking pressure 680 psi at 300 degrees. 
Test pressure 1100 psi). 

7. Nipple up blov/ out preventer stack and test same to 500 psi, 
v/ith BLM representative present to v/itness test. 

8. Pick up 6 l/'i" drilling assembly and drill out 7" casing . 
v/ith 6 1//|" bit. 

9. Drill 6 l/̂ i" hole with air or mud to a total depth of 1500', 
Take directional surveys every 100'. Maintain hole as 
straight as possible. !lax3.mum rate of change to be 1 1/2 
degrees per 100'. Monitor flov/-line temperatures (both in 
and out) every 20' and log on Tour Sheet; Run maximum 
registering thermometers on each survey, 

10. Lay dov/n drill pipe and tools, nipple down EOPs, clean up 
location, rig down, and release rig. 

(il) 



8 
I 
I 

COVE T'ORT STRAT TEST 

March 27, 1987 

SI'.'OnEHCIi] OF OPPlRATIOriS 

1 . Construct location and sump as per attached design drav/ing. 

2. Move in and rig up rotary drilling rig. Survey location with 
rig in place, 

3. Mix spud mud as per attached drilling fluids program. 

i|.. Visually inspect and note on tour sheet v/hether all drill pipe 
is v/hite banded, specifying that it meets AAODC API Class II 
inspection as to the following; 

1. Electromagnetic j.nspection of tubes(Sconoscope or Scanalog). 
2. Wall thickness and cross sectional area (Ultrasonic or 

gamma ray). 
3. Tool joint inspection (ED.ectronic or magnetic particle). 

Also check to see that all drill collar connections have been 
magnetic particle inspected and that all bottom hole assemblies 
have been magna-fluxed prior to delivery. Hote condition on 
tour sheet, 

5. Make sure 7" casing is on location and in position to run 
prior to spudding well. Make sure that all casing accessories, 
v/ellhead equipment, and circulating head are on hand, 

6. Spud v/ell with 9 7/8" bit and drill v/ith mud to +250', depending 
on geology. Remove thread protectors, clean threads, drift 
and measure casing wliile 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 withing 1' of bottom, and still 
siDace out cox̂ rectly on surface. Maintain hole as straight as 
ppssible v/hile drilling. Talse drift shots every 100'. Run 
maximum registerj.ng tliermometers on each survey. Maximum 
angle at total depth to be L{. degrees. Maximum rate of change 
to be 1 degree per 100'. Monitor and record flov/ line temper
ature every 20'. 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 /f5 
sec/quart. Make wiper trip. Check for fill. If hole is 
in good condition, circulate bottoms up, POOH, and lay dov/n 
9 7/8" drilling assembly. If tight hole was encountered on 
the v/iper trip, then make another v/iper trip. It may also 
be necessary to further condition the mud. 

8. Rig up and run 7" casing to total depth (as pea* attached 
7"casing program). R-un in hole slowly to avoid breaking 
down the formation and losing circulation. Circulate past 
any bridges encountered. Use proper make-up torque on 
casing. Use a good quality geothermal casing dope on threads. 
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9. Once casing has been run to total depth, circulate hole clean, 
while reciprocating casing, v/ith at least tv/o full circulations. 
Circulate until hole is clean, mud is in good shape, and vis
cosity of mud j.s less than /|.5 sec/quart. Check bottoms up time 
to be sure that mud is not channeling. 

10. When raud is in good shape, cement casing as per attached 
prograra. Monitor and record cementation data as per 
cementation program. Catch cement samples during cementation 
as requested.. Continue to reciprocate casing while pumping 
cement. Land casing v/ithin 1 ' of bottom. Center casing in 
rotary table, 

11. Wait on cement for 3 hours, (check camples to see if additional 
time is required). Monitor cement in anulus. If it falls 
back, bring it back to the surface with 1" pipe. 

12. Land and cut off 7" casing. Weld on 7" X 300 SR Starter 
Flange. Test l̂ etv/cen v/elda. Checlt with level to be.sure 
flange is on correctly. If flange is not equipped v/ith 
2" outlets on each sj.ile, then install tv/o weld-on collars, 
two 6" X 2" Sch. 80 I,P nipples and two 800 psi. valves 
belov/ the flange. 

13. Make sure that DOP equipment has been inspected by the man
ufacturer or an authorized agent prior to arrival and 
that all equipment is proper and in good shape. Hippie 
up blow out preventer equipment as per attachment. Test 
7" casing and blov/-out equipment to 500 psi. with BLM 
representative present to v/itness test. Log test data 
and representatives name on Tour Sheet. 

Uf. Trip in hole with 6 l/V mill too'th bit and tag cement. 
Log top of cement on Tour Sheet. Drill out baffle plate, 
cement and float slioe from 7" csg. v/ith spud mud. Drill 
10' of formation and then trip to pick up button bit or 
hammer and hammer bit. If the decision is made to air 
drill, run float in bit sub and unload raud 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 hole 
v/ith the gel/v/ater/polymer system v/hen you reach bottom 
with the bit. See attached program for mud system. 

15. Drill 6 1/V' hole with air, foam, or mud to 15OO'. 
Operate EOP each trip out of hole and log on tour sheet. 
Maintain hole as straight as possible. Take drift shots 
every 100'. Run maximum registering thermometers on each 
survey. Maximum rate of change to be 1 degree per 100', 
Monitor and record flov/-line temperatures, both in and 
out, e.very 20'. catch formation samples (2setsj every 10'. 

16. Upon reaching total depth, circulate hole clean, lay 
dov/n drill stning, nipple dov/n BOPs, clean location and 
release rig. 
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i>h'IJ,J.;.Lru,.i F L U I U 5 rl-.'UoKAM 

Q 7/8-- Durface hole; 0 - -250' 

hud uystem; uel, lime, v/ater, L C M (ijpud i-iud), 
nix 1 5 - 2 0 lb./bbl. bentonite in fresh v/ater. 
rlocculate v/ith lime. 

V.eight; A S low as possible with mechanical solids con
trol equipment. 

Viscosity; î5 - 55 sec/qt or as needed to clean the hole. 

•uater L O S S ; no control 

Total Hardness; no control 

pii; Mix lime through chemical barrel to maintain 
9.5 - 10.5 Ptt. 

comments; î ost circulation through this interval is pos-
sib],e. MO formation pressures are anticipated. 

' keep plagtic viscosity down and yield point up. 
imn solids control equipment continuously, 
ureak circulation slowly and trip siov/ly. use 
a^esco to thin mud if necessary. 

6 1 / i t " Hole; 1250' - T. \ ) . 

I'lud oystem; rolymer, gel, soda ash, i^esco, high temp thinner, 
i^rill out cement v/ith iipud nud and then dump ^̂ pud 
Mud. Build new oystem. i-iUd up in clean steel 
pits by mixing, v/ith fresh water, 1/2 Ib/bbl 
caustic soda and a ratio of 8 bentonite to 1 
drispac regular, nix bentonite first and then 
slowly add (.30 min/sk; drispac. (;5ubstitute a 
high molecular weight anionic liquid polymer 
such as nagcobars napid Mud for drispac if so 
desired. 

..eight; As lov/ as practical v/ith v/ater and mechanical 
solids control equipment.. 

viscosity; 38 - i|5 sec/qt with bentonite and drispac 
(,8:1 ratio or bentonite: drispac; Stay on this 
ratio to maintain viscosity after nud-up, 

,«ater liOss; nO control 

xotal Hardness; Below 30u ppm with soda ash, 

ph; 9.5 - 10.5 
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6 l/ii- Hole; ^2501- to r . D.^oOnt'd.; 

•j Rjigqlogy; Control flow properties at reasonable levels with 
'̂ *" • Desco thinner. If downhole teraperatures increase 

to where j/esco is not effective, then use -liigh 
temperature thinner. 

Torque, drag, hole stability, and high temp lubricant; 
Add 2ppb Soltex additive as necessary. 

Lost Cj.rculation (Applies to depths from Surface to TO); 
The methods used to control lost circulation are as follows; 
1; Lost circulation materials such as nut plug, cotton seed 

hulls, saw dust, medium Kwik-seal, etc. 
2. Gunk Squeezes 
3. Cement 
i\. L i g h t e r than water d r i l l j . ng ' f l u i d s . 

Abnormal P r e s s u r e ; 
V/eight m a t e r i a l ( B a r i t e ) should be on l o c a t i o n a t a l l t imes . 

Corrosion; 
Add corrosion inhibitors such as oxygen scavengers or scaling 
amines to control corrosion. 

S t a b l e Fo a m mak-e-u]); 
Mix l / 2 ~ - 2 ppb d r i spac in v/ater 
1 - 2 ppb soda ash 
5 - 1 0 % foamer jû J: Ive fore'use (use alpha olefin sulfonate 

for high temp loamor."; 
Air - Mud ratio required = 100:1 to 300:1 

IJ.ydr.Q/'.en .julfidê  Moni to rin/r and ;vbatement; 
Hydrogen sulfide monitoring sliould be maintained during the 
drilling of the well, ijetectors should be placed on the rig 
floor, cellar area, and f].owline region to detect and announce 
the presence of hydrogen sulfide. Hydrogen sulfide abatement 
equipment and materials, i.e., pumps, hydrogen peroxide, and 
caustic soda, should be maintained on location when drilling 
with lighter than water drilling fluids, ie, air or aerated 
mud systems. Escape breathing equipment, as v/ell as resus
citators should be available on the site. 

Special Considerations; 
1. i3rilling recorder to nionj.tor rate of penetration. 
2. Catch drill cutting Gamples(2 sets) every 10',.to be 

cleaned and sacked. 
3. All lost circulation zones encountered shall be recorded 

in Tour Book, recording both the depth at which the loss 
occurred, as well as the amount of fluid lost, 

h. In and Out temperatures, both of mud and air, shall be 
recorded in the Tour Book every 20'. 

5. Temperatures should be taken with every directional survey 
by running a maximum registering thermometer in the survey 
instrument 
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CASTliO I-ROGRAH 

7" Surface Casing; +250' X 7" J -55 20,'/ ST (L C Range 2 Casing 

Torque; 3200 f t - l b s 

D r i f t ID; 6.331 

S t r eng th R a t i n g s ; 
Yield 
Collapse= 
Tension = 

2992 psi 
1816 psi 
lS7,200,v! 

Accessories; 
Float equipment - flapper type conventional float shoe 

on bottom of string and baffle plate installed one 
joint up from bottom. 

Centralizers - 2 centralizers-installed in the middle 
of the bottom 2 joints (7" X 9 7/8" Bow Type). 

Wellhead Equipment - 7" X 300 SR weld-on starter flange 
for v/ellhead. 3OO SR Gate Valve for master valve. 
(pressure rating 700 psi Hi 560 degrees F.5. 

Instructions;- tackweld shoe; also, top and bottom of 
couplings on bottom three joints, 

Hote: 1, Lower casing in hole slowly to avoid formation 
breakdown and lost circulation. 

2. Use geothermal grade thread dope on casing threads. 

ClsMi'llTIHG PRQGIiAM 

+250' X 9 7/8" hole X 7" casing surface job; 

Slurry description; 

Requires 

Slurry v/eight = 

Yield = 

V/ater requirement = 

Pump time = 

API Class "G" or "H" 
cement mixed with 5.O 
gal/sk water. 

.2301 sk/linejir ft in 
9 7/8" anulus. 

.1976 sk/linear ft in 
7" casing. 

15.8 lbs/gal or 118 Ibs/cu.ft. 

.1 .15 cu.ft./sk 

5.0 gal./sk or 0.67 cu.ft/sk 

1 - 2 hours 

2k hour compressive Etrength= 2915 psi. 

7" J-55 20,''/ ST C; C casing displacement = .0î 0î  bbls. per 
linear feet or .2273 cu. ft. per linear feet. 

Hote; Cement job should be calculated with 50?̂  to lOQ/i excess 
in open hole. 
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CKhi":i!'['Tnn 1-1 :OGRAM ( con t' d) 

+25O' X 9 7/8" hole X 7^ casing surface job;(cont'd.) 

Procedure; 

I I. Make prior arrangements v/ith kedi-iiix company to have re
quired amount of class "G" or "II" cement on hand. Inquire 
as to hov/ much notice they will require to load the cement 

S and drive to the location. Advise them that you will 1 
need the truck c].oan and free of rocks or chunks of cement 
prior to loading. Tell them that you v/ish the'cement 

( l o a d e d and hauled to the location dry, and that you v/ill 
add the v/ater on ].ocation just prior to pumping. 

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

3. Call out Redi-Mix truck, givJ.ng required amount of advance 
notice, so that he v/ill arr.ive on location before you are 
ready to cement. 

/|.. 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 their reaching the rig 
pump suction. 

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

6. Pump 5 bbls. water down the 7" casing ahead of the cement. 
Start dumping tlie ceinent slurry from the Redi-mix truck 
into the stock tank(screenj.ng out large rocks v/ith the 
grating) and begin pumping the slurry inside the 7" casing 
with the rig pump. Catch samples at various intervals. 

7. When all the slurry has been pumped, drop the top plug and 
displace tho slurry out of the 7" casing with mud. Bump 
the plug v/ith 25O - 30O psi. Do not over-displace more 
than 1/2 the volume of the shoe joint to bump the plug. 
Hote the following on the Tour Sheet; 

1. Time you began mixing cement. 
2. Time you began pumping cement. 
3. Time you began displacement. 
l [ . Time you received cement returns to the surface. 
5. Time the plug was bumped, or tlie time you finished 

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

8. W. 0. C. 8 hours, (check samples to see if extra time is 
required. Monitor the cement in the anulus. If it should 
fall back, bring same back to surface with 1" pipe. 

9. Land 7"casing, cut off, weld on well-head, and start 
nippling up blow out equipment. 
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Depth 

/i 001 

6 0 0 ' 

1600' 

200 ' - . 

8 0 0 ' - -

1000 ' ._ 

1200 ' - -

UtOO' - -

n r n i i n d T H V P I 

•— 7" casing set @ +250' 
in a 9 7/8" holej and 
cemented back to surface. 

6 1/if" open hole to a 
total depth of 1500'. 

MOTHER EARTH INDUSTRIES, INC. 

COVE FORT PROJECT 

6 1 / ^ " open h o l e s t r a t t e s t d rawing 

DRAWN 
F o r : MEI 
Bv : EJ 
Date : 4 / 9 / 8 7 
S c a l e : 1"=200 
Drawing No. 

001 
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Depth 

200' 

400' 

600' --

800' 

1000' 

1200' 

1 4001 

1600' 

-Spud well and drill 9 7/8" Hole 

Set 7" casing in 9 7/8" hole to +250' 

— D r i l l 6 l/V hole 

^Complete 
Well 

MOTHER EARTH INDUSTRIES, INC. 

COVE FORT PROJECT 

DRILLING CURVE 

DRAWN 
For 
BX. 
Date 
Scale 

MEI-
BJ 
4/9/87 
1"=200' 

Drawing No. 
.002 
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8" ANSI 300 S e r i e s 
M a s t e r G a t e 

7" S.O.W ( a d a p t o r ) X 
8" ANSI 300 s e r i e s 
S t a r t e r F l a n g e w i t h 
2 - 2" v a l v e d o u t l e t s 

Ground T RVfil, 

T e m p e r a t u r e 
M o n i t o r i n g -

MOTHER EARTH INDUSTRIES, INC. 
COVE FORT PROJECT 

WELLHEAD COMPLETION DRAWING 
and 

CELIAR DIMENSIONS 
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T o t a l S t a c k H e i g h t = ] ] Q U QJ. C)I 

30' 

\ ^ 

1.8" 

10" 
" ^ — 
i \ 

22" 

Rotating Head 
6" 900 Series 

Double Hydraulic 
Ram Type Blow-out 

30" Preventer 6" 900 
Series. 
1 - CSO 
1 - Drill Pipe 

Spool - Kill C- Choke 
1 - Valved outlet /) 
1 - Valve S. Check 

Adaptor Spool 
6" 900 X 8" ANSI 300 
8" ANSI 300 Series 
Master Gate 
1100 psi Test Pressure 
680 psi @ 300 deg F WOG 

r AGROUND LEVEL) 

Bleed 
f* Line 

7" S.O.W. (adaptor) X 
8" ANSI 300 series 
Starter Flange with 
2 - 2" Valved outlets 

1. All BOP equipment should be ordered v/ith HpS trim. 
2. Ram rubbers and rotating head rubbers must be high temperature 

rated. ; 
3. Need accumulator v/ith sufficient capacity, high pressure | 

back up system, and dual controls. One at the drillers ,' 
station and one at least 50' from the well.. 

i|.. Lines must be steel v/ith a minimum working pressure of lOOOpsi. 

MOTHER EARTH INDUSTRIES, INC. 

COVE FORT PROJECT 

BLOW OUT PREVENTER STACK 

to be installed on the.7" casing 

For 
DRAVJN 

Bx. 
Date 
Scale 

t'lEI 
BJ 
4/9/07 
JLL 

Drav/ing No, 
004 

(14) 



I 
RECOMMENDICD BITS AHD HYDRAULICS PROGRAl-i 

Depth 

0 

+ 250' 

15OO' 

Hole 

9 7/8" 

6 1/4' 

Type 
Bit 

Mill 
Tooth 

Insert 

Jets 

3 X 1 6 

Open 

' Pressure 

300 

500 

, GPM 

150 

150 

r WOB 

18-30 

15-25 

' RPM 

50-70 

45-55 

BOTTOM HOLE ASSEMBLY RECOMi-'iENDATIQHS 

9 7 / 8 " BHA 6 1/i|." BHA 6 1/4"BITA (Hammer D r l g . ) 

•3 1/2" DP / , 3 1/H" BP 

4 1/4" JJC'S 

K 

r Bit Sub |9"ra yl e w WB 

Sl 2 

X , 

4 1/4" DC; 

6 1/4" WB 
STB. 

2 - 4 1/4"DC 

6 1/4" WE ^ 6 1/4" 
2S1 STB. 

R 

3 1/2" DP 

IS 

4 1/4" BC's 

c.i o 

3 " 6 1/4" WB 
STB. 

Hammer 

6 1/4" B i t 

(15) 



I 
I 
I 

TfT^ r 

40' 

J ^ 

,Vell 100' 

75' 

. N I L -

Sump s h o u l d be l i n e d t o p r e v e n t s e e p a g e 

MOTHER EARTH INDUSTRIES, INC. 
. COVE FOliT PROJECT 

DRILL PAD 

DRAIW 
F o r : MEI 
BY : BJ 1 
Da te : 4 / 9 / 8 7 ' 
S c a l e ; HA 
Drav/ing No. 

005 

(17) 
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Cove F o r t - S u l p h u r d a l e KGRA D r i l l i n g O p e r a t i o n s 
Eine_rge_nci^_Contingenci^_Plan 

june'TsTTsii 

NOTTFTCATTON/PHONE LIST ATTACHED 

Prepared by: Jay C. Hauth 
Operations Manager 
Mother Earth Industries, 
3761 South 700 East 
Salt Lake City, UT 84106 

Inc 

ion: This Emergency Contingency Plan is Intended to 
nd supercede section 5.0 of the "Plans of Operation of 
1 Development", submitted Harch, 1985 by HEI. Certain 

Introductlon: 
replace a 
Geotherma 
information contained therein is updated in this document 

Policy: It is HEI's intent at all times to maintain strict 
standards of safety during all phases of drilling and field 
operations. It is recognized that unforeseen circumstances may 
occur requiring emergency action and/or notifications. In.all 
cases, the priority of any action taken will be as follows; 

t. Situations in which any persons have been injured 
or injury is imminent. 

2. Situations which may potentially lead to personnel 
injuries. 

3. Situations in which environmental damage is occurring or 
isimminent. 

4. Situations in which equipment may be damaged. 

Prior to performing any potentially hazardous operations, a 
safety meeting will be held with all operations personnel, 
detailing each person's responsibilities and emergency actions. 

In any emergency situation, maintain a calm alert attitude. 
In communicating with various parties, clearly state all pertinent 
details. When time permits, write down all details regarding 
"Who, what, when, where, how, why..." 

IlH 
Offices: P. O. Box 5107. 6526 Oid Pain!Trail. Carefree. Arizona 85377t6'oy4B^-^5M Executive 

Prnr(.i/-ii«n r»Mi/-»- TTKi C/M,l^^ 7nn Pool Q.iiio onn c 



NOTIFICATION/PHONE LIST 

JL'N2 0l3fi6t>[:i'o| 
î l,iiiev.\ll O F 

^ \ UM:>tpya:riv.c.n-

<Tt,7-r^. 
(All numbers 801 area code unless otherwise spec i f iedj '-11' 

Contact 

Mother Earth Ind. Jay C. Hauth 

Wayne Portanova 

Phone_# 

263-8300 
268-9369 
(602) 488-3588 
(602) 252-1411 

CommeQt§ 

ofc 
res idence 
ofc 
res idence 

Beaver Valley Hospital 

Fillmore Community Medical Ctr. 

Delta Community Medical Ctr. 

Beaver County Sheriff 

Millard County Sheriff (Fillmore) 

Millard County Sheriff (Delta) 

Utah Highway Patrol (Cedar City) 

438-2416 

743-5591 

864-5591 

438-2862 

743-5302 

864-2755 

586-9445 

Hosp. and ambulance 

Ambulance 

Ambu1ance 

Delano Development Corp. Tom Canada (812) 334-2618 Fee land 

BLM (Kichfield) Don Pendleton 
John Branch 

BLM (Fillmore) Gerald Muhlesteen 

Forest Service (Beaver) Del Randall 

Darwin Jensen 

Bell Safety (Evanston) John Richter 

Fox Construction (Circleville) 

RHICO (Milford) Dick Rollins 

896-8221 

743-681 1 

438-2436 

(307) 789-4013 H2S SafeL/ 

577-2668 Heavy Equip. 

387-2451 Equipment, welding, 
387-2202 roustabout 

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

iM. 
^.rst'jlivp Of'co*: P O. Sr::( 'rtC^' « ' ; i ° Old °?:'^l Tr?-'!, C?.re?ree. Arizona 85377 {60?!* 'i"?-??:?!! 
Produclion Office: 3761 South 700 East. Suite 200. Sail Lake Cilv. Utah flainfi rflnn OB-̂ -fl-̂ nn 



IH THE EVENT OF A BLOWOUT OR UNCOHTROLLED RELEASE OF 

1. Administer first aid as required in case of personnel injuries.. 
Arrange for transport to medical facilities by.appropriate means. 
Notify medical facilities of situation details to allow for 
preparation of patient arrival. 

2. If there may be a threat to local residents, contact the 
sheriff's office immediately. 

3. If hydrogen sulfide release is suspected, immediately evacuate 
the location to an upwind area, and call out the H2S safety 
company. Have Scott Air Packs available and brief personnel on 
their use. (Air Pack training will be part of normal rig crew 
tra in i ng) 

4. Restrict access to affected area by unauthorized persons. 

5. Notify appropriate managing agencies: Forest Service, BLM, Utah 
Division of Water Resources. Obtain from agencies recommendations 
and requirements regarding the situation. Follow up by filing 
appropriate accident reports. Notify fee land operator if affected 

6. Call out various equipment on an as-required basis: bulldozer, 
backhoe, grader, water trucks, pumps, etc. 

7. If situation warrants, call out we 11 -fighting company. 

t on 8. Attempt to control blowout with personnel and equlpmen 
location at the direction of HEI or MEI drilling representatives 
pressure and temperature, mud volumes and pressures, BOP fluid 
reserves and pressures, etc. 

9. Attempt to contain fluid releases by constructing retainer 
dikes, diversion channels, as required tc minimize environmental 
or property damage. 

10. Maintain constant vigilance on location for potential new 
problem areas: erosion of rig supports, dike overflows, road 
washou ts, etc. 

11. Following control of the situation, initiate work to return any 
adversely affected areas to their normal condition: reseeding, 
road repairs, grading, etc. as recommended and approved by the 
surface manager (Forest Service) 

& £ L 
Executive Offices: P, O. Box 5107. 6528 Old Paint Trail. Carefree, Arizona 85377 (602) 488-3588 
Prod'trt'-rin Office: 3761 Soulh 700 East, Suite 200, .SalM ;>u<» r,iiu i iiaw aA^r,ci iar\-i\ l a i . o ' i r . n 



VEiii.'OR T:Ci>>'T!u''r!-i /7i i ; lliOiii-: |iHMB)!;LS 

S i e r r a i-rillinf,; (801) 506-O673 

'Western Air D r i l l i n g ' S e r v i c e s (800) 525-0803 

Na t iona l Supply Co. (805) 539-5755 

L 2: L l.u J (303) 245-7030 

J . \ l . Redi-Mi:c — (801) 433-2365 

Boll Safe ty (307) 739-^i013 

hi-iICO ( L o l l i n ' s iiacLine Sliop) (801) 387-2/|.51 

Haus Vacuum True!: Se rv i ce (801) 259-5886 

Hortliv/estern Air j'ri.l.3.inrj; S e r v i c e s (303) 2^|.5-56lO 

Gi l ind (307) 789-9791 

H/L Baroid (Vernal ) (801) 789-1668 

Texas Reamer ' (307) 759-40^i5 

Eastman VHiipstoch (Evanston) (307) 739-5316 

Wilson Dov/nholo (307) 789-4800 

Burns Rabhole (Evanston) (307) 789-6678 

DOTCO (307) 739-8896 

BJ Hughes (303) 245-29O6 

The Dia-Log Company (307) 789-0028 

CRC-BxCO R e n t a l (303) 850-36^15 

Oi l F i e l d L'ental Tool Coi.ipany (307) 7a9-f|f|91 

Hughes Tool Company (307) 7C9-6̂ i90 

William H. ( B i l l ) Jackson (801) 25/|-256o 

(23) 



MOTHER EARTH INDUSTRIES 

COVE FORT GEOTHERMAL 

VENDOR LIST - BY NUMBER 

P.O. § Company 

Contract Loffland Bros. 
Contract ThermaSource, Inc. 

L & H Trucking 
Sullivan Rathole Drilling 
Anatec Lags 
Bill's Tong Service 
Dimitt Directional 
Geothermal Services, Inc. 
(formerly Dub's Welding) 
Grant Oil Tools . 
H & H Oil Tools 
BJ Services 
Thermchem 
L & L Muds, Inc. 
Midway Fishing Tools 
Nidway Wellheads 
National Supply 
Schlumberger Well Service 
Tillett Tools & Supplies 
W-K-M Division 
Western Air 
Wilson Supply 
Continental Mfg. Inc. 
William Reed Welding 
NL Acme Tools 
J.R. Ready Mix 
Ryerson & Son 
Schaefer Valve 
Bell Safety 
Forminco Inc. 
Jake's Crane & Rigging 
O.K. Kile 
Dresser Industries 
RMICO (Rollins Machine) 
Independent Pipe 
Cinco Pipe & Supply 
Delano Development Corp. 
M & M Roust-A-Bout 
Shurtleff & Andrews Corp. 

• Lor, Inc. 
Northwest Tool Company 
R.W. Jones Trucking Co. 
Erickson's Distributing Co. 
Oilwell (Casing Purchase) 

Contact Telephone Vendor It 

Dewey Milner 
Louis Capuano 
Willard Lypscomb 

Greg Anderson 
Bill Cates 
Dave Dimitt 
Dub Hargis 

Jim Hansen 
Jim Turk 
Joe Thomas 
Paul Hirtz 
Lad Lohrer 
Darrell Swisher 

Floyd King 

George Tillett 
Roger Bastian 
Craig Schweider 
Larry Sutton 

William Reed 

John 
Gordon Ford 

Ken Deaking (Air) 

Bruce Houp 
Richard Slane 
Steve Maycock 

Dale Bingham 

805-327-4695 
707-523-2960 
707-987-2754 
307-382-6667 
707-526-7200 
916-743-5225 
707-528-7988 
707-433-6713 

707-433-6969 
707-374-6493 
505-327-6288 
707-575-1310 
303-434-5527 
707-585-1457 
805-327-4471 
805-589-5755 
801-789-3392 
707-523-1166 
707-838-4439 
800-525-0803 
213-990-6355 

801-489-7431 

801-438-2865 
415-653-2933 
805-834-4738 
307-789-4013 
801-438-5693 
702-736-4082 
805-324-4046 
707-433-6553 
801-387-2451 
805-325-0398 
805-323-5464 
801-438-5569 
801-759-2464 
801-973-9096 
713-999-8111 
707-374-5105 
801-789-1231 
801-438-5083 
415-331-0555 

015 
016 
017' 
018 
019 
020 
021 
022 

023 
024 
025 
026 
027 
028 
029 
030 
031 
032 
033 
034 
035 
036 
037 
038 
039 
040 
041 
042 
043 
044 
045 
046 
047 
048 
049 
050 
051 
052 
053 
054 
055 
056 
057 

;3<i 



MOTHER EARTH INDUSTRIES 

COVE FORT GEOTHERMAL 

VENDOR LIST - ALPHABETICALLY 

P.O. H Company 

Anatec Labs 
Bell Safety 
Bill's Tong Service 
BJ Services 
Cinco Pipe & Supply 
Continental Mfg. Inc. 
Delano Development Corp. 
Dimitt Directional 
Dresser Industries 
Dub's Welding (see Geothe 
Erickson's Distributing 
Forminco Inc. 
Geothermal Services Inc. 
Grant Oil Tool 
H & H Oil Tools 
Independent Pipe 
J.R. Ready Mix 
Jake's Crane & Rigging 
R.W. Jones Trucking Co. 
L & H Trucking 
L & L Muds. Inc. 
Loffland Bros 
Lor, Inc. 

M & M Roust-A-Bout 
Midway Fishing Tools 
Midway Wellheads 
National Supply 
NL Acme Tools 
Northwest Tool Company 
Oilwell 
O.K. Kile 
William Reed Welding 
RMICO (Rollins Machine) 
Ryerson & Son 
Schaefer Valve 
Schlumber Well Service 
Shurtleff & Andrews Corp. 
Sullivan Rathole Drlg. 
ThermaSource, Inc. 

, Thermochem 
Tillett Tools & Supplies 
W-K-M Division 
Western Air 
Wilson Supply 

Contact Telephone Vendor H 

Greg Anderson 
John 
Bill Cates 
Joe Thomas 
Richard Slane 

Dave Dimitt 
Ken Deakins (Air) 

rmal Services Inc.) 

Gordon Ford 
Dub Hargis 
Jim Hansen 
Joe Turk 
Bruce Houp 

Willard Lypscomb 
Lad Lahrer 
Dewey Milner 

Darrell Swisher 

Floyd King 

Orville Neal 
Dale Bingham 

William Reed 

Louis Capuano 
Paul Hirtz 
George Tillett 
Roger Bastian 
Craig Schweider 
Larry Sutton 

707-526-7200 
307-789-4013 
916-743-5225 
505-327-6288 
805-323-5464 

801-438-5569 
707-528-7988 
707-433-6553 

801-438-5083 
801-438-5693 
707-433-6713 
707-433-6969 
707-374-6493 
805-325-0398 
801-438-2865 
702-736-4082 
801-789-1231 
707-987-2754 
303-434-5527 
805-327-4695 
713-999-8111 
801-759-2464 
707-585-1457 
805-327-4471 . 
805-589-5755 

707-374-5105 
415-331-0555 
805-324-4046 
801-489-7431 
801-387-2451 
415-653-2933 
805-834-4738 
801-789-3392 
801-973-9096 
307-382-6667 
707-523-2960 
707-575-1310 
707-523-1156 
707-838-4439 
800-525-0803 
213-990-6355 

019 
042 
020 
025 
049 
036 
050 
021 
046 

056 
043 
022 
023 
024 
048 
039 
044 
055 
017 
027 
015 
053 
051 
028 
029 
030 
038 
054 
057 
045 
037 
047 
040 
041 
031 
052 
018 
016 
026 
032 
033 
034 
035 

47 



ilTG SPECIFICATIONS 

Type 

Mast 

Substructure 

Air Compressor 

Mud pumps 

Mud i)it (steel) 

Drill String 

lighting 

Piping 

BOPL: 

Porta-dril TKT or equivalent 

100,000 lbs. capacity, capable of standing 
1500 ft. of 3 1/2" drill pipe in /|0' lengths. 

100,000 lbs. capacity, and giving a clear
ance under the rotary table of 9', v// catv/alk. 

Capable of delivering 1200 SCFM at SOOpsig 

Tv/o 5̂ 7̂ Gardner Denver or equivalent. 

To bo provided by fil!;I 

Square kelly for use in rotating head v/hile 
air drilling. (̂|. 1/i|") 
2000' of 3 1/2" grade E drill pipe (inspected 
prior to arrival). 
15- 1̂- 1/4" drill collars (inspected and v/ith 
tliread protectors installed). 
1 - 6" drill collar (inspected and v//protector 
Bit subs (bored for float) and all other 
necessary subs. Also, float for bit sub. 
Mission M'ega-dril hammer for drilling in 
6 1/̂ 1" hole. 
String float sub v/ith float. 
j.ov/er Icelly Cock Valve, v/ith v/rench 
All tools to handle the above, i.e., lift 
subs, chain tongs, safety clamps, elevators, 
s.1,ips, tongs with torque indicator and 
correct heads, spinning chain, etc. 

Generator and sufficient vapor proof lights 
to light up the entire v/ork area. 

1 joint of 10 3/':- csg. for use as riser and 
conductor v/hile drilling 9 7/8" hole, (need 
only 15'.) 
h l l necessary piping to hook up from stand-
jjj.pG to pump and air compressor, pump to pits, 
r/i' to pits, kill line to pumps, and pumps to 
miid.ng facilities. 

6I' 900 series hydraulic actuated double gate 
BOP v/ith cso ram, 3 1/2" DP ram, <taSSSBSf 
.-iMĝiierSili'**"!"•'WfŜHlĵl'T v/ith high temp rubbers. 
6" 960 series rotating head (capable/of pass-4. 
ing 6 1/i;." bit)v/ith 3 1/2" high heat rotating 
head rubbers. 
6" 900 s o r i o s mud c ross with one tv/o inch 
valve on each s ide and a check valve on tho 
k i l l l i n o s i d e . 
fine 2" choke manifold, and p ip ing . 
Accui.iiilator v/ith dual s t a t i o n s and p ip ing to 
rn'•• i t u-0 •'̂ O' froin the v/el l . 
(mo 6" API 900 s o r i e s X 0" ilJiSI 300 s e r i e s 
atiaptor s p o o l . 



Viator t ruck 

Viator S to rage 

Bi t b reake r s 

Pipe dope 

I/O cord e r s 

InstruMOjitc 

Mud lili i c ing 

Solids 
control equip 

Mud checking 
equipment 

Measurement 

Mark j.ng 

Fork lift 

Fuol and 
fuel storage 

Tools 

Bquipmen t 
and supp3,ies 

V.'ind sock G.-
air packs 

80 bli l . V/ater t ruck v/n,tii pump to load and 
iinloac!. 

'.•.ill be provided by i;!:;!. 

For 9 7 /3" and 6 l / V B i t s . 

For d r i l l p j p e , c o l l a r s , and cas ing . 

Oeolograph for rocorTi'ini; p e n e t r a t i o n r a t e . 

Totco v// hea t .'jiiicld and sub for i,ia::ij,iiifii 
r c r i s t o r i n r tliermometor (6 and 12degree 
j.ii.''j t rmnenta ) . 

r igi i pros.'-iure hopper , or c e n t r i f u g a l pump 
to ope ra t e the lov/ p r e s s u r e system of MEI's. 

jiosander and d e s i l t e r . ( s h a l e shaker to 
be provided by iiiiil, but v / i l l need s c r e e n s . ) 
i,eed c e n t r i f u g a l to ope ra t e l-iLI' s des.and des, 

Vj.s cup and funne].. i-iud s c a l e . 

S t o o l t e n t h s tape for measuring ca s ing . 
Ca l i pe r for checking 01) and Ii.). 

P a i n t s t i c k . 

'.L'O be provj.ded by i-ifeil. 

to bo provided by c o n t r a c t o r . 

Chain tongs , cas ing t ongs , s l i p s , s p i d e r , 
e l e v a t o r , and l i n k s for 7" ca s ing . 

2 rubliers for r o t a t i o n g head itl 000 
366' of 7" 20,;.̂  STi!:C "surface csg. 

Oi 9.50 p e r / f t . 2850 
6 1/fi" and 9 7/0*^ rerun but ton 

b i t s 1750 
Coment slioe, baffle plate andplug- *250 
2 - 7" /w 9 7/8" bow type centaliiiers 
Sample bags. 
Spare 3 1/2" ram rubber for BOP 
!-rilling products (mud) 2000 
Surface casing cement 2000 
'r.r,^ detection equipment 200 
8^ /ViiSI 300 series starter flange 
and adaptor to 7" casing ,1000 
o" AiiSI 300 series master gate 1350 
2 - 2" X 6 " sch 80 nipp3.es 
2 - 2" gate valves (800 psi) 

M;:;! would provide v/ind sock and 5 a-ir packs . 

http://nipp3.es
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A LITHOLOGIC EVALUATION OF CUTTINGS FROM WELLS 

S-87-1 AND S-87-4 

J.N. Moore 

Sept. 1987 



SUMMARY AND CONCLUSIONS 

S-87-1 and S-87-4 penetrated variably altered and faulted 

ash-flow tuffs belonging to the Three Creeks Tuff Member of the 

Bullion Canyon Volcanics. The ash-flow tuffs can be-separated 

into two distinct stratigraphic units in S-87-1. The upper unit 

is characterized by coarse phenocrysts of biotite, quartz and 

andesine. The lower unit is finer grained but mineralogically 

similar. Only the upper unit was penetrated in S-87-4. 

Steam production in S-87-4 appears to be controlled by the 

intersection of two distinct fault zones. The oldest of these 

fault zones is characterized by strong silicification and 

argillic alteration. Geologic relationships suggest that this 

fault zone is a steeply dipping, pre-geothermal structure that is 

disconnected frora the underlying geothermal reservoir. Thus, 

this fault zone cannot represent the primary conduit that feeds 

the shallow portions of the steam cap. Instead, this fault zone 

may form a shallow steam trap where recent fracturing of brittle 

rocks has resulted in locally increased permeabilities. North 

trending faults bounding the eastern margin of the Sulphurdale 

pit are more likely zones of upwelling. These faults are younger 

than the gravitational glide blocks and control the present 

surface expression of the geothermal system at Sulphurdale. 

Mercury surveys may provide additional information on the 

locations of these young fault zones. This technique may be 

particularly effective since reconnaissance studies of drill hole 

cuttings have shown that anomalous concentrations of mercury are 



associated with geothermal alteration at Cove Fort and 

Sulphurdale (Ross and others, 1982). Exploratory holes drilled 

along these fault zones and at their intersections should, if 

possible, be planned to penetrate the base of the glide blocks 

(approximately 2000 feet) and the underlying reservoir. 

STRATIGRAPHIC RELATIONSHIPS 

The rocks penetrated in drill holes S-87-1 and S-87-4 

consist entirely of the Three Creeks Tuff Member of the Bullion 

Canyon Volcanics. Within the Cove Fort-Sulphurdale area, the 

Three Creeks Tuff overlies a heterogeneous sequence of locally 

derived lava flows, flow breccias, and minor ash-flow tuffs. The 

Three Creeks Tuff is in turn overlain by silicic ash-flow tuffs 

and intruded by latite to quartz-monzonite dikes and stocks. 

The Three Creeks Tuff was erupted frora a caldera located in 

the southern Pavant Range 27 m.y. ago (Steven and others, 1977). 

Within the source caldera, the tuff can be divided into three 

cooling units which differ primarily in the degree of welding 

they exhibit. The lower and upper units consist of red to gray 

densely welded ash-flow tuff. The middle unit is poorly welded 

and white in color. The oldest unit is the most widely 

distributed and the only one recognized in the Cove Fort-

Sulphurdale area (Ross and Moore, 1985). 

The lower cooling unit penetrated in the wells consists of 

approximately 50% phenocrysts of andesine (33%), biotite (10%), 

quartz (5%), and rainor hornblende, sphene, and magnetite in a 



matrix of densely welded shards and ash. Near Sulphurdale, the 

lower cooling unit of the Three Creeks Tuff can be further 

divided into two parts. The upper part is dark gray when fresh 

and is characterized by plates of biotite up to several 

millimeters across, and euhedral quartz crystals with beta 

morphology. The lower part ranges from gray to red-brown in 

color, is much finer grained, more variable in the degree of 

welding (moderate to densely welded), and commonly contains 

numerous lithic fragments. The contact between the upper and 

lower units was encountered at a depth of 780 feet in S-87-1. 

Only the upper unit was encountered in S-87-4. 

HYDROTHERMAL ALTERATION 

The alteration in S-87-1 and S-87-4 is similar to that 

occurring in wells 42-7, 34-7 and 34-7B. Weak to moderate 

argillic alteration is the most common alteration type 

encountered in the wells. The rocks in these intervals are 

characterized by partial to complete replacement of the feldspar 

phenocrysts by clay minerals and carbonate, alteration of 

hornblende to chlorite and carbonate, and minor alteration of 

biotite to hematite and clays. More intense argillic alteration 

is characterized by the replacement of biotite by pyrite and 

clays. Increasing argillic alteration is typically accompanied 

by a progressive bleaching of the matrix of the ash-flow tuffs. 

Silicified and in places, brecciated ash-flow tuff is 

associated with the argillically altered rocks between 100 to 170 

V t 



and 440 to 900 feet in S-87-4 and between 140 to 290 and 640 to 

650 feet in S-87-1. In addition, intensely silicified breccias 

occur in the lower 40 feet of both wells and between 440 and 460 

feet in S-87-4. With the exception of the interval between 440 

and 460 feet in S-87-4, the silicified cuttings are characterized 

by variable quantities of pyrite (up to approximately 5%) and the 

complete replacement of all primary minerals by quartz. In 

contrast, the silicified cuttings frora 440 to 460 feet in S-87-4 

are characterized by strong hematite development which give the 

samples a deep red color. ' c^cti,.^'^ ŵ '- ^'^/J>M-

Veins and aggregates consisting of variable proportions of 

carbonate +̂  hematite +_ chlorite and quartz +̂  pyrite +_ hematite +_ 

chlorite +_ carbonate occur in trace amounts throughout both 

wells. The aggregates of these minerals are interpreted as vein 

fragments. Textural relationships at the base of S-87-1 suggest 

that carbonate veining in these rocks in part postdates the 

silicification. Here, silicified fragments containing pyrite 

occur in a matrix consisting dominantly of carbonate. 

SIGNIFICANCE OF THE SECONDARY MINERAL ASSEMBLAGES 

Temperature and Age Relationships 

Geologic mapping and analyses of cuttings from wells in the 

Sulphurdale area suggests that the hydrothermal alteration of the 

Three Creeks Tuff is controlled primarily by two factors, the 

temperature of the fluids during alteration and the distribution 

of faults and fractures (Moore and Samberg, 1979, Ross and Moore, 
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1985, Moore, unpub. rept. to MEI). In addition, Moore and 

Samberg (1979) recognized two distinct periods of hydrothermal 

alteration of the Three Creeks Tuff. The ear^ies^t alteration 

occurred approximately 24 m.y. ago and accompanied the intrusion 

of quartz-monzonite stocks beneath the Sulphurdale area. 

Alteration related to this thermal event is characterized by 

quartz-sulfide mineralization. More recent alteration, related 

to the present geothermal system is characterized by surficial 

acid alteration and possibly the formation of anhydrite in 42-7. 

Significantly, it has not yet been demonstrated that a high-

temperature brine related to the present geothermal system ever 

reached the surface in the Sulphurdale area. 

The hydrothermal alteration documented in S-87-1 and S-87-4 

is typical of moderate to high-temperature thermal regimes. The 

presence of cj.ays and chlorite, and the absence of epidote in 

these rocks suggests that temperatures were probably in the range 

of 175 to 250°C during alteration. Similar alteration 

asserablages, associated with base metal sulfides and fluorite, 

have been observed in 34-7 and 34-7B. While these observations 

indicate that high-temperature liquids circulated throughout this 

area in the past, the incompatibility of these assemblages with 

the modern, shallow thermal regime suggest that the alteration 

occurring the geothermal wells is related to the emplacement of 

the quartz-monzonite and not to the present geothermal system. 

Nevertheless, the association of steam with silicified zones in 

34-7, 34-7B and S-87-4 demonstrates that zones of intense 
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silicification act as important conduits for the steam in the 

glide blocks capping the deeper portions of the geothermal 

reservoir. 

Structural Relationships 

Previous geologic and geophysical studies have demonstrated 

that the strongly silicified and argillically altered fault zones 

near Sulphurdale are steeply dipping and that the intensity of 

the alteration decreases with distance from the major fault 

planes (Moore and Samberg, 1979; Ross and Moore, 1985, Moore, 

unpub. rept to MEI). Although the number and directions of the 

faults encountered in S-87-1 and S-87-4 cannot be uniquely 

defined from an analysis of the cuttings, several inferences can 

be made with respect to their distribution, thickness, and 

direction of movement. The widespread occurrence of silicified 

cuttings and moderate to strong argillic alteration in S-87-4 

suggest that the well closely followed a major, nearly vertical 

fault zone. The fault planes encountered within this zone are 

marked by silicified breccias. These breccias were intersected 

at depths of 150 to 160 feet, 430 to 460 feet and below 910 feet. 

Furthermore, the stratigraphic relationships in S-87-1 and S-87-4 

indicate that S-87-4 penetrated a block that is downdropped 

relative to S-87-1. It is likely that this fault zone is part of 

the east-west trending zone of structures that is prominently 

developed near the production wells. 

, . • • ' ' - . . • - . - , ^ - . , Y - - ' • • •• • • ' • • • • • • ' • • • • • • ' • • • • ' 



Hydrothermal alteration of the rocks in S-87-1 is 

significantly less intense, suggesting that the well was drilled 

primarily through the footwall of the fault zone penetrated by 

34-7 and 34-7B. The only major fault planes penetrated in this 

well occur below a depth of 1050 feet. 

f 
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Donald L Pendleton June 16, 1987 
District Manager 
United States Department of the Interior 
Bureau of Land Management 
150 East 900 North 
Richfield. UT 84701 

Re: Cove Fort-Sulphurdale KGRA transmittals 

Dear Don: 

Attached for review/approval are the following Items: 

1. Proposed casing plan change for well S-87-1, The only change Is the 
addition of 40 feet of 13 3/8" conductor pipe to be cemented with ready-
mix. A correction Is made to my letter to you dated 5/24/87. That letter 
requests separate approval of S-87-2 prior to S-87-1. The correct 
Situation Is as follows: 

S-87-1 location Is on previously disturbed land, and MEI requests 
approval of this primary target location. S-87-2 location Is on 
undisturbed land, and MEI wi l l submit a location drawing showing 
topsoll stockpiles, cuts/f Ills, etc.. If this location becomes a priority 
again. Currently, S-87-2 Is a low priority for MEI, 

2. Geothermal Drilling Permits for two new wells: S-87-3 and S-87-4. 
These wells have an Identical drilling program to S-87-1, Including the 40' 
of 13 3/8" conductor. The locations for these wells were Inspected by Toby 
Manzanares/BLM and Fred Ful ler/FS on June 4, 1987, 

3. Submittal of data recorded from temperature gradient holes drilled this 
spring. 

If there are any questions, please call. Thanks for your considerations of 
these GDP's. 

Sincerely, 

/ay C. Hauth 
Opera tlon.s Manager 

ExecuUve Ottlces: P. O. Box 5107, 6528 Old Paint Trail, Carefree, Arizona 85377 (602) 488-3588 
Production Office: 3761 South 700 East, Suite 200, Salt Uke City, Utah 84106 (801) 263-8300 
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Iniernaiional I.e.iininji iS. Keseanh, liK. 
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O r Richard r i ion ipson, 

July 21, 1987 
Georgia Both Thoinpuon 
V<c« PiitsiOunl - AclntinibliMliun 

Barbara A, w a l l i n g { ^ 4 ^ (T C^ ^ \ / " T ' 

Vica»'iif..idom.FioiaOpu<«iion» K ' - ^ i / L i A s 3 0 ' ' ,C^JC .^^ ' - * ^V \ 

Mr. John Branch . r, 
Richfield District T ' 7 ^ ^ ^ ^^^ ^Hl^-"? 
Bureau of Land Management ^ ^ t , K / SD J- - i i H \ 
150 East 900 North l̂ r̂*̂ /̂ ^̂  " ^ (USlJl^Ui^<^\ 
Richfield, UT 84701 
Dear Mr. Branch: 

This letter summarizes the results of an archeological survey of two small 
drill sites located in the Mother Earth Geothermal Lease Tract near Sulphur
dale, lltah in Beaver and Millard Counties. The project was authorized by 
BLM Antiquities Permit No. 87-UT-54955 and Utah State Antiquities Permit 
No. U-87-IG-259f. The field work was carried out by Barbara A. Walling while 
Richard A. Thompson was Principle Investigator for the project. 

The two drill sites, designated 87-3 and 87-4, are plotted on the enclosed 
map. Both are found in the NWi of Sec. 7, T26S, R6W (SLM) in Beaver County. 
A records search, conducted by the State Historic Preservation Office showed 
that no sites had previously been recoreded within the two project areas. 

Site 87-3 lies in the NEi SWi NWi of Sec. 7, T26S, R6W and is found just west 
of a dirt road on ground that has been substantially disturbed. The actual 
drill point is set only 5 meters from the existing road in a small dump of 
burned wood and ash. To the north and south of the drill point the surface 
drops down to a damp area that appears to have been impacted by livestock 
grazing and an old temperature gradient hole. North of the drill point, the 
ground rises slightly, moving up into a stand of pinon and juniper. The 
greater part of the ground cover is, however, composed of grass. A ten acre 
tract, approximately 110 meters on a side, was surveyed by walking a series 
of contiguous transects, each 15 meters wide, until the entire drill site 
had been examined. 

Site 87-4 lies in the SWi SEi NWi of Sec. 7, T26S, R6W just east of the 
existing dirt road on a slope of from 5 to 15°. The vegetation consists of 
an overstory of juniper and pinon while some grass grows between the trees. 
The drill point is 10 meters east of the road on a relatively level area. A 
short access road, contained within the 10 acres, will provide access to 
the drill point. The 10 acres again measured 110 meters on a side and the 
area was surveyed by walking a series of contiguous transects each 15 meters 
wide, until the entire area was examined. 

The survey of both parcels of land failed to identify evidence of prehisotirc 
or historic occupation or sue. Thus no cultural resources are endangered by 
the proposed drilling. 

Sincerely, 

Richard A. Thompson 
484 South 300 East. CedarCity. Utah 84720, (801)586-7870,586-6139 

-2. 
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STATE OF UTAH 
NATURAL RESOURCES 
Water Rights 

1636 West North Tample • Suite 220 • Salt Lake City, UT 84116-3156 • 801-533-6071 

Norman H, Bangerter, Governor 
Dee C, Hansen. Executive Director 

Robert L Morgan. State Engineer 

July 23, 1987 

Mr. Jay C. Hauth, Opnrations Manager 
Mollier Eartli Industries, Inc. 
37G1 South 700 East, Suite 200 
Salt Lake City, UT 84106 

RE: Request to Drill Geothermal Wells 
Expiratiori Dale: January 27, 1987 

Dear Mr. Hauth: 

Reference is made to your request of June 2, 1986, to drill two geothermal 
wells as part of MEI's continued field development program at the Cove Fort/ 
Sulfurdale KGRA. The locations of these wells are to be: 

S 87-3 South 2160 feet and East 1400 feet from NW Corner 
Section 7, T26S, R6W, SLB&M. 

S 87-4 South 2600 feet and East 1450 feet froiri NW Corner 
Section 7, T26S, R6W, SLB&M. 

By this letter you are hereby granted permission to drill, subject to the fol
lowing conditions. 

1. These wells are currently being approved as test wells. After com
pletion and testing of the wells, if it is desired to use them for 
production wells the proper water rights may be obtained at a later 
date. 

3. 

4. 

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

The wells may be drilled to a maximum depth of 1500 feet each, more or 
less. 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 Opera
tions submitted to the State Engineer, or posing a threat to the safe
ty of personnel or the structural integrity of the well. 

The applicant must notify the division 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 inspections. The applicant 
must also notify the Division prior to testing the wells for flow or 

an equal opporturiity employef 
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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 with the request to drill, summarized as follows: 

A. The conductor casing (13 3/8") shall be installed to a depth of 40 
feet and the annular space shall be cemented, back solid to the 
surface. 

B. The surface casing (7") shall be set at a depth of 
approximately 400 feet and cemented back to the 
surface. Blowout 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 Implementation, except in case of 
emergency. 

6. 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 installed and suc
cessfully tested, 

8. The driller shall take all necessary precautions to pre
vent fires, blowouts, or other 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 bedrock 
layer. Appropriate H2S warning devices shall be utilized 
during all drilling and testing operations, and personnel 
shall be instructed in proper emergency procedures and 
the use of emergency equipment. 

9. The applicant shall provide for proper and safe disposal of any 
geothermal fluids produced during the drilling or testing of the 
wells. 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 divet^ted 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 wells must be approved in 
writing by the State Engineer prior to the commencement of testing. 
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10. In case of any emergency, the applicant shall 
immediately notify the Division at one of the numbers 
listed below: 

Gerald Stoker (801) 586-4231 
Stanley Green (801) 533-7164 

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

This is permission for the licensed driller to begin drilling these wells. 
Note that the expiration date of this letter is January 23, 1987. 

Please notify Stanley Green at 533-7164 or Gerald Stoker, the Area Engineer, 
at 586-4231 prior to the commencement of drilling operations so that a rep
resentative of the Division may be on site when drilling is begun. It is the 
responsibility of the applicant to obtain proper water rights and other neces
sary permits. 

ruly 

SG:rc 

"Stanley Green, P.E. 
Directing Appropriations Engineer 

cc: Gerald W. Stoker 

cc: Fishiake National Forest 
Att: Mr, Kay Shurtz 
115 East 900 North 
Richfield, UT 84701 



T o i ^ USOS 9-1917 UNITRU STATES DePARTHUlT OF THE INTt:illOR 
ceouxiicja sunvEy, CONSEHVATION DIVISION 

nrOTHFPMAL DI<ll,UNf: PEWIIT 

y^^^r)<:7/K 2>-^ 
Farm Ajii-rovud 
Budqct buruAu N<», 

The U.S. C«oloqic«l Survey r equ i r e s t h i s for* or o the r Sup«rvisor approved forn t o be prepared siid f i l e d in 
t r i p l l c s t e with r e q u i s i t e e t t achaon t s witli the Superv isor . The Supervisor nust approve t h i s permit p r i o r t o 

;, LiJ^V. SLhlAL KO. . 

any lease operation. 

, ^ 1 -
rvPE or woRKi DRILL NEW WELL ^ REDRILL I 1 D c u r i J m pum BACK ( ) DIRECTIONALLY DPILL ( ) OTHER ( I 

. . . UNIT AnRiXKEliT W J i t 

l b . " WELL TyPEl PRODUCTION ( ) INJECTION ( ) HEAT EXCHANGE T l OBSEhVATIOH y f HATER SUPPLY ( ) OTHER ( I 

SUWACE H/.IIA-.EKI BLH ( I f s t P T ' 
O t h . r ( I 

l c . WELL STATUS, T t , K^ . f}t,\\[ZA 

. WKLL 110.. . B. PERIIIT NO. 

NAME o r LESSEE/OPEg&IOK , , 
i . r i C U l OR XR£A 

ADDRESS OF LESSEE/OPERATOR 

I S . LOCATION o r WELL 
At l u r f A C . 

At proposed prod, xon* 

St-c o T 9 : H I ^ L 
10. SEC. T . , >•., B . l H, 

1 1 . COUNTY 

1 6 . DISTANCE FROH PROPOSED UX^ATION TO NEAREST PROPERTY OR LEASE LINE 
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CONDITIONS OF APPROVAL FOR NOTICE TO DRILL 

Company:Mother Earth Industries Well No.:S-87-4 
Location:T.26S., R.6W.,sec 7 SENW Lease No.:U-29557 

All lease operations shall be conducted in accordance with: The Geothermal 
Steam Act of 1970, as amended; applicable regulations, Geothermal 
Resources Operational Orders; lease terms and conditions; and applicable 
conditions of approval attached to the plans of operation approved for 
lease operations. 

A. DRILLING PROGRAM 

1. All fresh water and water zones encountered durring drilling 
shall be recorded by depth and adequately protected. If water 
is encountered and the casing program must be modified to 
protect the zone, the District Manager (DM), or his 
representative, shall be notified immediately to determine 
required remedial corrective action. 

2. A qualified H2S safety company shall be onsite and rigged up 
with standard safety equipment and proceedures durring the 
drilling of the well. 

3. There will be no deviation from the proposed drilling and 
completion program without prior approval of the DM, or his 
representative. "Geothermal Sundry Notice" (Form 9-1958) shall 
be filed for approval for all changes of plans and other 
operations in accordance with 43 CFR 3264.2-2. 

4. Prior to drilling out the surface casing shoe, the ram type 
preventers shall be tested to rated working pressure if isolated 
by test plug or to 70 percent internal yield pressure of casing 
if BOP stack is not isolated from casing. 

All BOPE and testing proceedures shall be consistent with GRO 
No. 2. Pressure tests shall be conducted before drilling out 
from under all casing strings which are set and cemented in 
place. BOP controlis shall be installed prior to drilling the 
surface casing plug and will remain in use until 1 the well is 
completed or abandoned. Preventers will be inspected and 
operated at least daily to assure good mechanical working order, 
and this inspection shall be recorded on the daily drilling 
report Preventers shall be pressure tested before drilling 
casing cement plugs. 
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5. The DM, or his representative, shall be notified, with 
sufficient lead time, in order to have a BLM representative on 
location while testing BOPE, running all casing strings and 
cementing. 

6. Daily drilling and completion progress reports shall be 
submitted to the Richfield District Office on a weekly basis. 

The spud date shall be reported orally to the DM within 48 hours 
after spudding. If the spudding occurs on a weekend or holiday, 
the report shall be made on the following regular work day. The 
oral report shall be followed up with a sundry notice. 

8. No well abandonment operations shall be commenced without prior 
approval of the DM, or his representative. In the case of 
failures or emergencies, oral approval shall be obtained from 
the DM, or his representative. In the event after hours 
approvals are necessary, contact one of the following 
individuals: 

John Branch (801) 896-8583 
Howard Lemm (801) 486-5820 
Robert Hendricks (801)484-2294 

B Surface Use Program 

1. Topsoil is to be removed from areas requiring excavation for 
drilling activities, roads, and other activities connected with 
these operations. The topsoil is to be stockpiled and 
protected for use in reclaiming the disturbed areas. 

2. Detailed drawings showing all new cuts and fills, the location 
of stored topsoil—old and new—and the well site in relation to 
existing well pads, roads and other surrounding features is 
required to be submitted to the Richfield District Office within 
30 days of permit approval. These drawings shall be submitted in 
triplicate. 
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October 2. 1987 

Donald L Pendleton 
District Manager 
United States Department of the Interior 
Bureau of Land Management 
150 Bast 900 North 
Richfield, Utah 84701 

Re: Transmittal of Location Drawings for wells S87-I and S87-4 

Dear Don: 

Attached for file/information are well location and wellhead survey 
drawings for the referenced wells. Included as required are surveyed casing 
head locations, topsoil stockpiles, and cut/ f i l l contours. 

MEI Is now using the following uniform basis for survey coordinates: 

The basis for all bearing coordinates is North OO^S^M" East between the -
Southwest and Northwest Comers of Section 7, Township 26 South, Range 6 >.' 
West, Salt Lake Base and Meridian. 

SW Corner= 44703.67042 N 
49916.43333 E , 

NW Corner= 50000.00000 N 
50000.00000 E 

The coordinates for the new wells are as follows: 

S87-1: 47793.90393 N 
51682.29962 E 

S87-4: 47420.77242 N -
51333.86176 E 

and additionally, 
24-7: 47862.71492 N 

50867.94752 E 

Execulive Offices: P. O. Box 5107,6528 Old Paint Trail, Carefree, Arizona 85377 (602) 488-3588 ;-
Prorturtion Offir.«: 3761 South 700 Fast Suite ?00. Salt Lake City. Utah 84106 (801) 263-8300 
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