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COMPLETION REPORT FOR

F-89-1
Sulphurdale, Utah

I. ABSTRACT

A geothermal production well designated F-B89-1 (Mary) was
drilled on Fee land controlled by Mother Earth Industries,
Inc. between the dates of September 14 and September 23,
1989. The well is 258 ft. south and 3541 ft. east of the

northwest corner of Section 7, T265, R6W, SLEBYM.

Aftter penetrating approximately 160°'EKR of acid-leached
alluvial materials comprising lithic volcanic Fragments,
phenocrysts weathered ocut of the Three Creeks Tuff (Tht) and
a possible 20 foot thick block of Tbt, the well encountered
3510 feet of Tbt uncontormably overlying 70 feet of Wales
Canyon Formation. From a depth of 840°'ER to the end of
sampling at 870°'KER, the well was in Coconino meta-sandstone.
Steam entries were noted at 782°KR, 8S0'KE, and at B8O KE.
The well was bottomed at ?60°KE after 10 days of drilling.

The prime contractor for the well was Sierra Drilling
Company: surveys wer=2 done by Sunrise Engineering, Inc. of
Fillmore, Utahs Safety Services were provided by Eell Safety
of Evanston, Wyoming; and binocular examination of drill
cuttings was done by Joseph Moore of Salt Lake City, Utah.
All  other activities were conducted by Mother Earth
Industries, Inc.



II._LOCATION

This report pertains to MEI production well F-89-1 (Mary)
located near Sulphurdale, in Beaver County, Utah within the
Cove Fort-Sulphurdale EGRA.

Specifically, the well is on MEI controlled Fee land
approximetely  I258 feet south and 541 feet east of the
northwest corner of Section 7, T265, R&W, SLEXM. It is about
IH fmet S880E of slim hole 5-89-1, 1393 feet from well 3I4-7A
(Linda) and about 3Z0 feet Ffrom the nearest previously
drilled production well F-88-2 (Lorretta).

Figure 1 depicts the location of the well relative to the
section corner; Flate I (in the pocket) is a survey plat of
the entire MEI production area.
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ITI. WELL DRILLING AND CONSTRUCTION HISTORY

In order *to be able to increase deliverability of the dry
steam geothermal resowce discovered to date, production

well P-89-1 was drilled in "full scale" configuration as

follows:

On September 14, 198%, OGrimshaw Drilling Company Rig #2Z was
moved on site and rigged up. By 2000 hours on September 15,
a 30" hole had been drilled to 3S32°'EE and 44 feet of 20" ERW
line pipe conductor casing was landed and cemented with
Redi-Mix. On September 18 at 1400 hours, a 17.3" hole
reached a depth of 3IB2'KR and 13.375", 61#/ft., K-35, BTYC
casing was set on bottom. The casing was cemented, with full
returns to the surface, using a standard geothermal mix, by
0833C¢ howrs on September 19.

Following installation of the wellhead, master valve, BOFE,
and flow and blanie lines, the 13.373" stack was pressure
tested to standards approved by J. Solum, the Utah State
Engineer. After successfully retrieving a fish, drilling of
12.23" open hole began at 1830 hours on September 213 the
final well depth of Q260°'EB was attaimed by 0200 hows on
September 23. Steam was +First encountered at 782°'KE, with
additional major entries via fractures transected at 850 and
880 KE. Note that KEBE=Ground Level + 10 feet.

Al drilling history, describing daily events between
September 14 and September 23, 1989, drilling activity
sheets, and a pipe tally accompany this document as Appendix
A. Figure 2 is & profile of the well as completed; Figure =
is a drilling curve showing the rate of drilling progress,
and Figure 4 shows the Blowout Freventer stack used on the
1Z.373"  casing. Appendix B, attached, is MEI's basic
drilling procedure developed for production wells. Appendix
D comprises the geolograph charts that depict the drilling
rate from 54 KRB to 960 EB. ’
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1V._GEOLOGY

The Cove Fort—-Sulphurdale region, in southwestern Utah,
comprises folded and faulted sedimentary and metasedimentary
rocks of FPaleozoic to Mesozoic age that are overlain,
sequentially, by Oligocene to Miocene age ash-flow tuffs and
Cluaternary basalts. All of the rocks except the basalts have
beeh intruded locally by Miocene guartz monzonite and/or

- latite porphyry stocks, sills, and dikes.

The rocks penetrated in F-8%-1 comprise alluvium, ash—flow
tuffs, and meta-sandstones hydrothermally altered to varying
extents. The younger volcanic rocks have been designated as
the Three Creeks Tuff (Tbt) Member of the Bullion Canvon
Volcanics (one of the oldest of the local volcanic units).
The Three Creesks Tuff has three distinct zones: an upper and
a lower zone of red to grey densely welded tuff and a middle
rone of poorly welded white tuff. Only the lower zone of the
Three Creeks Tuff has been mapped in the Cove Fort area of
interest.

Thie lowermost =zdne of the Three CCreeks Tuff has been
further subdivided into two cooling units. The upper unit is
characterized by euhedral plates of biotite up to several
millimeters wide and euhedral {beta morphology) quartz
crystals while the rocks of the lower cooling unit are
mineralogically the same but much finer grained. The lower
unit (tentatively renamed the Wales Canyon Formation? is
found in F-8%-1 at a depth of about 470 fteet.

F—-89-1 initially penetrated approximately 160°EE of alluvium
and colluvium comprising moderately to strongly altered
lithic volcanic fragments plus feldspar and quartsz
phenocrysts weathered out of clastic Tbt. Fyrite and some
marcasite are present as disseminated blebs and in 1-2 mm
wide crystalline aggregates.

Eelow 160G°'KER, F-B9-1 transected light to medium grey Tbt,
argillicly altered and pyritized to varying degress.The
color of the Tbht becom=s increasinagly lighter grey as the

alteration intensity increases. This is  due to the
hydrothermal decomposition of Tbt matriy components into
light colored clays. As no evidence of faulting was seen,

the Tbt is assumed to unconformably overlie its fine grained
predecessor, the Wales Canyon Tutf+f.



From 670°KB to B840'KR, F-89-1 penetrated Wales Canyon Tuff,
variably altered to a light, medium, and greenish grey.
Fhenocryst density was typically lower than in the Tbt and
euhedral biotite plates were few to absent.

The well entered the white to grey, vitreous Coconino meta-
sandstone at 840 KR and, when sampling ceased at 870 KR, the
formation had not yet been transected. Steam entries were
recorded from fractures at 782°kKE, 850°'KR, and 88CQ 'KE. In an
effort to maximize steam +flow, the well was drilled to a
total depth of 960 KEB.

There were 30 +foot discrepancies between the depths to the
Qal/Tht and the Tbt/Wales Canyon contacts as logged in 5-89-
1 and in P-8%9-1 (with FP-89-1 deeper) though the Wales
Canvon/Coconino contact was almost flat. Thus there 1is no
concrete evidence that F-8%9-1 crossed any major faults. Most
likely, there was significant erosion in the time period
between the former formational depositions thus accounting
for the relatively large contact elevation changes within
the short (50°) distance between the wells.

Attached, as Appendix C, is a binocular petrographic
description of drill cuttings from F-89-1 together with some
interpretive comments and a graphic lithologic log.
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V. FPERMITS

Eecause well F-59-1 was drilled on. privately owned land and
not on Federal property, the permitting required was
minimal. Archeological clearance for the well was given as &
result of studies encompassing the whole prospect area that
were previously accomplished and documented. When the EOF
stack on F-89-1 was pressure tested in accordance with State
regulations, the test was witnessed and approved by UDWR
representitive John Solum.
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AFPENDIX A

DRILLING HISTORY

Move in and Rig Up (MIRU).

MIRU, Make up ((MU) 30Y" bit and hole opener.
Drill Ahead (DA} O0-5Z KR,

Full out of Hole (FOOH), run and set 20"
casing to 44°'kEE. '

Cement with Redi-Mix.

Clean out cellar.

Wait on Cement (WOC).

WOC, remove Z0Y conductor.

WOC, Miscellangous rig up continues.

Run in Hole (RIH).

DA: 33’ to &7 KR.

Free stuck drill string, ream up hole 37,
357 to 44 KEH.

Ream hole from S3° to &7 KER.

DA: &7 to 74°ER, ream hole.

DA: 74’ to 169 KB with & 17.3" bit.
Service rig.

DA: 169" to 223 'KE.

Fix clutch, FOOH, level rig.

RIH.

"DA: 223 to 294 KB.

DA: 294 to T1Z2°ER.

FOOH, clean bit, RIH.

DA: 312 to ZBZ2'KE.

FOOH.

Rig up to run casing.

Run 382° of 1Z.37%", &1 #/Ft., K-35
EBET%C casing.

Repair light plant.

Finish running casing.

Rig up cementers and cement with geothermal
mix; full returns.

WOC, center casing, fix lights.
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WGC, make up BROFE, cut off casing, rig down
cementers, Nipple up (NU) BOPE and master
valve.

Continue NU EBOFE, blooie line; pressure
test of casing and BOFE witnessed and
accepted by J. Solum, Utah State Engineer.
MU fishing magnet, RIH, fix clutch.
Remove clutch.

Repair clutch.

FOOH, no fish.

RIH with mill-tooth bit.

Fishing.

FOOH with fish, miscellaneous repairs.
RIH.

Drill cement and shoe.

DA: 82" to 495 KEB. :

FOOH five stands, remove drive line.

Wait for new drive line, receive same,
install and adjust.

DA: 4957 to 77&°EB.

DA: 7767 to BY8'KE, first steam at 782 KB,
other steam-bearing fractures at 850" and
880 'KE. :

DA: 898° to F&O'ER, Total Depth.
FOOH, Lay down drill pipe.
Rig released, Rig down and move out (RDMO).
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Production ¥Well Drilling Program
Cove Fort - Sulphurdale KGRA

Objective: Drili/Complete steam production well to £2000°TD . Conductor
casing 207 set at x60-120°, 13 3/8" production casing set at :400°-900°, 12
1/4" open hale to 2000° or producing Tormation.

September, 1967
Updated October, 1988

Mother Earth Industries, Inc
Production Office

3761 South 700 East

Salt Lake City, UT §4106
801-263-8300



S

Abbreviated sequence of operations:
1. Frepare location and surnp per attached dwgs.
2. MIRU rotary rig on canductor.

3. Drilt 26" hole to 60-120° GL. Optionally, rathole digger may be utilized
instead of rig. ' '

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

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

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

7. Install welthead and 12" BOP equipment on 13 3/G8" casing. Test BOP fo
730 psig; wilnessed by BLM and Ulah Div. of Water Resources represeniative.
8. RU compressors; Drill 12 1/4" hole with air/foam, as appropriate, to
2000° or commercial production.

9. Perform rig test to obtain approximate (lowrate, 'wWHF, WHT. Run
downhole surveys per engineer and gegiogist direction. Pun 1oqc as reguired
by regulatory agencies.

10. POOH, taydown dritlpipe and tools, RDMAO, release rig, return rental
equipment.

11. Prepare and submit completion reparts to appropriate agencies



Detailed sequence of operations:
(Mote: Al operations are to be in accordance with approved Plan of
Operations for CFS KGRA)

1. Prepare lacstion and surap per attached drawings. Prepare 3' deep well
cellar using &' diam culvert, with gravel in bottom and drain to sump.

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

2a.{optional) Mob. rathole digger to drill 26" hole to approx 60-120° GL.
Z. Set 207 casing in hole; cement from TD to surface wuh Redi-mix cement.

4 {MIRU rotary rig, centered on conductar.} Install extension as reqd. on 207
conductor to bring it up under the rotary table, and install return flowline to
pit. Optionally, install master valve and rotating head w/diverter line and
valve on the 207 canductor. Install HZS monitoring equipment per
attachment. At this point, all rig personnel are required to have current H2S
certification from HZ5 safety company man. All personne! shall be familiar
with attached HZS alarm procedure.

S, Spud well with 17 1727 drilling assembly and drill w/ mud to approx.
400", or casing point as determined by well supervisor and geologist.
Collect, clean, and clearly lsbel cuttings every 10, as directed by geologist.

I.a.

6. At caging depth, RU and run E-logs per permit requirements. RIH and
circulate following lagging.

7. Run 13 3/5" casing per attached casing program with stab-in float collar
located 1 jt above shoe on bottom. '

a. PiH with stab-in tocl, stab into float collar. Circulate hole clean
minimuym 2 full n_.n':,ulutn_:ru;..

2 Cement 13 3457 casing per attached cementing prograrm. Preserve cement
Larr

;1
oD
(3]
’ll

1o WG 12 hrs or as dictated by samples.

P10 Cutoff (3 378" casing and in-“ta'l 133457 0%« 127-400 casing head
v/ twa 37 wing autlets with 37 2000 pgi w ing valves, with 37 o mpamun

flanges. All wellhead instaliation shall be in strict accordance with



manufacturer's written procedurs, MU 127-400 master valve and 127 BOP
ctack per attached drawing.

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

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

14. POOH, PU stabilizers, per BHA program. RU compressors, RIH blowing
hole dry with sir.

15. Drill 12 1/47 hole with air system to 2000° or commercial steam
production. Collect cuttings if possible. IT steam fracture is encountered,
drill ahead while flowing per geologist and engineer direclion.

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

17, 11 production is non-commercial per engineer, drill ahead or sidetrack -
as req'd. Obtain autharizations from appropriate agency personnel prior to

18. On completion of drifling operations, laydoven drillpipe, ND BOP, return
rental equipment, RDMO rig, cleanup location.

19. Prepare and submit completion reports, as req'd. Re-contour and
reclaim/revegetate location as rvqmrpd per approved Plan of Operations and
BLMAFarest Service direction
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H2S ALARM PROCEDURE
POST PROMINENTLY IN DOGHOUSE

IN CASE OF H25 ALARM:
1. MASK UP WITH ESCAPE UNIT

2. GO IMMEDIATELY TO THE UPWIND BRIEFING
AREA

NO EXCEPTIONS UNLESS DIRECTED BY H2S
SAFETY MAN ON LOCATION



Casing/Cementing Program

String Hole Size Casing size ‘wWeight Grade Thread Top Bottom
Conductor 267 20" Q4dppf K-535 BT&C ¢ 40-8¢
Production 17 172" 133/8" Gippf K-55 BT&C ¢ 400

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

Conductor to be cemented with locally available Redi-Mix. 13 3/8
production string to be cemented 35 follows:

shaes, collars: Run stab-in float collar one joint above casing quide shee on
bottom. Tack weld bottom of collars an bottom 3 jeints, including float
collar. Clean and Thread-Lock all threads on float collar.

Centralizers: Run centralizer in middle of bottom 2 jts. Then ane
centralizer on every other collar trJ weithin 100 feet of surface. Mo
scratchers

(W]
!
0
o~
(%]
-
o)
o

1:1 ratio of Class H cement: perlite, +3% gel + 402 5
".u::l.:r}+.,5.?""‘2 It {friction reducer}

Tail slurry: Class H cement + 40% S-5 (silica flour) + 658 CD-31 (friction
reducer)

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

Yolumes: 60" 13 3767 csgin 20" 94 ppf ceg.{19.124" i.d): 61.2 cu. ft.
340 1”» "»;’C;" csgin 17 172" OH: 236.2 cu. ft.
Using 208/ 100% excess in casing/apen hale, tatal volume: SS2 cu. ft

Using stab-in tool on drillpipe, stab into float coliar. Cement through
drillpipe. Pump Lead Slurry untit good returns are o *ser'eed at surface. Then
pump Tall Sturry.  Pump enough water to clear surface equipment, then oull
drillpipe out of float collar, dropping cement fro drmmpe an top af float
callar.

> or untii samples have sel. Obszerve cement; if Talling, bring
o surface aading cement with 17 pipe.



Blowaout Prevention equipment, 13 3/8" casing

All BOP equiprnent capable of passing 12 1/47 bit/BHA.
From casing going up:

1. 13 3/8" SOW x 12°-400 casing head w/ two 3" wing outlets with 37 2000
psi wing valves, with 3" companion flanges.

2. 12" 400 ETd WKM Power Seal through-canduit gate valve, with geothermal
trim for stearn service with 300 Deg F steam containing approx. 7% carbon
dioxide and approx. 0.1& HZ5 \

3. (Crossover/DSA as req’d: 12°-400 x 12°-900) 12" 900 series Banjo Box,
with 12° blooie Line, and 107 or 127 blooie line valve, reducers as req'd on
blooie line.

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

S. 127 900 series rotating head, with high temperatura/H2% rubbers.



LITHOLOGIC LOG OF MEI WELL P-89-1

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

By
Joseph N. Moore
Salt Lake City, Utah

December, 1989



MEI well P-89-1 was sampled to a depth of 870 feet. This
report, which is based on a binocular logging of the chips,
describes the rock types and alteration encountered in the well.
The results of this work are summarized in the accompanying

lithologic log.

Lithologic Relationships

The distribution of rock types encountered in P-89-1 is
similar to that found in S§-89-1. From the su;face down, P-89-1
penetrated alluvium, the Three Creeks Tuff Member of the Bullion
Canyon Formation, the Wales Canyon Tuff, and the Coconino
Sandstone. Alluvial deposits are found to a depth of 160 feet.
These deposits contain variably rounded fragments of volcanic
lithologies and crystals of quartz and feldspar that are similar
in size and habit to the phenocrysts in the Three Creeks Tuff.
Many of the volcanic fragments are red-brown in color due to the
presence of fine-grained iron oxides.

The cuttings between 60 and 70 feet consist almost entirely
of altered Three Creeks Tuff that is similar in appearance to the
rocks underlying the alluvium. The absence of volcanic fragments
in this interval suggests that the cuttings were derived from a
large, coherent block of ash-flow tuff that was incorporated into
the alluvium.

Between 160 and 670 feet, the cuttings consist of the Three
Creeks Tuff. This ash-flow tuff is distinguished from othérs in
the area by the high percentage of phenocrysts which make up nearly
half of the rock. The phenocrysts are set in a densely welded
matrix of ash and shards that varies from light to medium gray in
color. 1In general, the color of the matrix reflects the degree of
hydrothermal alteration. The more intensely altered samples are
lighter in color and contain a higher percentage of clay minerals.

The Three Creeks Tuff is widely distributed throughout the
Cove Fort-Sulphurdale area. Regional geologic mapping by Steven
and his colleagues at the U.5.G.S. have shown that the Three Creeks



Tuff erupted from a large cauldron located several miles east of
Cove Fort in the southern Pavant Range (Steven and others, 1979).
Near its source area, the Three Creeks Tuff consists of three
compositionally similar units. The lower and upper units are
densely welded and dark red in color. The lower unit is the most
voluminous. The middle unit is white, poorly welded, and lithic
rich. On the basis of their lithologies and distributions, it is
most likely that the rocks in the Sulphurdale area are correlative
with the lower unit of the Three Creeks Tuff (Caskey and Shuey,
1975). Fission track data indicate that the Three Creeks Tuff is
27 my old. '

The Three Creeks Tuff is characterized by coarse phenocrysts
of plagioclase, sanidine, hornblende, quartz, and biotite. Both
the dipyramidal habit of the quartz phenocrysts and the presence
of biotite books up to several millimeters across are diagnositic
of this unit. In addition, minor amounts of sphene, magnetite,
apatite, zircon, and pyroxene can be found in thin section. 1In
general, lithic fragments make up a relatively small percentage of
the rock. '

Several observations indicate that the Three Creeks Tuff was
deposited on an irregular erosional surface developed on the
underlying ash-flows. These observations include: a) its sharp
contact with the underlying rocks, b) the absence of brecciation
or increased alteration at the contact which would be indicative
of faulting, c) the absence of poorly welded zones at the top of
the underlying ash-flow tuffs, and d) differences in the elevationsl
of the contact in closely spaced.wells (i.e. S-89-1 and P-89-1, see
below).

The ash-flow tuffs underlying the Three Creeks Tuff are
similar in their general appearance and mineralogy to the overlying
rocks. We have assigned this older ash-flow to the Wales Canyon
Tuff in other wells drilled by MEI. It is distinguished from the
Three Creeks Tuff by its slightly finer grain size, lower
phenocryst content (approximately 40%), and the common occurrence



of lithic fragments. The Wales Canyon Tuff was encountered between
670 and 840 feet in P-89-1.

The Wales Canyon Tuff is light gray in color and displays
strong argillic alteration. Under the binocular microscope,
numerous rectangular phenocrysts of plagioclase that have been
altered to clay are apparent. Thin sections of cuttings from other
wells indicate that biotite and minor amounts of quartz, are also
present. 4 |

The Wales Canyon Tuff unconformably overlies the Coconino
Sandstone. This sandstone is white to 1light gray in color,
vitreous, and fine-grained. Thin sections of samples from other
wells have shown that the Coconino Sandstone is a clean quartzite

cemented by quartz overgrowths and minor sericite.

Hydrothermal Alteration

The rocks of well P-89-1 display moderate to intense argillic
alteration. Within the alluvium, the volcanic clasts have been
variably altered to clays, pyrite, and iron oxides. The clay
minerals (probably smecite and green chlorite-smectite) are present
in the matrix of the volcanic clasts and as a replacement of the
feldspar and ferromagnesium phenocrysts they contain. In contrast
to the intense alteration in some of the clasts (particularly the
matrix of the Three Creeks Tuff), alteration of the loose feldspar
crystals is generally weak to moderate and concentrated along
cleavage planes. The pyrite occurs in trace amounts as
disseminated crystals in the clasts and as fine-grained aggregates.

Alteration of the underlying ash-flow tuffs is reflected in
the nearly complete replacement of the feldspar phenocrysts by clay
minerals and calcite, and by the discoloration of the matrix of the
rocks. In addition to célcite and pyrite, which are present in
nearly every sample examined, thin sections of these rocks in
adjacent wells show that quartz, clays (fine-grained weakly
birefringent minerals; probably smectite), sericite (mixed-layer

clays and illite) and, iron oxides (magnetite and hematite) are
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present. These minerals have been found as alteration products of
both the matrix of the ash-flow tuffs and of the phenocrysts.
Fine-grained pyrite is widespread throughout the well,
occurring in at least trace amounts in nearly every sample of the
ash-flow tuffs and underlying sandstone. In these rocks, pyrite
occurs as disseminated crystals, aggregates, and in veins where it

is commonly associated with calcite or quartz.

Structural Relationships

The distribution of rock types in P-89-1 is similar to that
of S-89-1 with a few minor differences. These differences are in
the depth to the contacts between the alluvium and Three Creeks
Tuff and between the Three Creeks and Wales Canyon Tuffs. In both
cases, the contacts are about 30 feet deeper in P-89-1 than in S-
89-1. However, the Coconino Sandstone is at nearly the same depth
in both wells. Although veining is common, no obvious evidence of
faulting within the volcanic section, such as gouge and brecciated
zones, was observed during logging of P-89-1. Thus, P-89-1 does

not appear to have crossed any major faults.

References

Caskey, C.F., and Shuey, R.T., 1975, Mid-Tertiary volcanic
stratigraphy, Sevier-Cove Fort area, Central Utah: Utah
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