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' COVE FORT SULPHURDALE UNIT #31-33

PREFACE ™

- Organization of Report

This report presents“the:technical‘details involved innthe.

' drllllng of Unlon Oll Company =3 Cove Fort—gulphurdale Unlt

Well #31-33 The report con81sts of the eleven chapters llsted
in the Index, as well ~as the well logs taken by Schlumberger,
Geotex, and.R. F.,Smlth.' The contents of . each chapter 1s_
snmmarized;in the followrng.' All -depths in the report.refer

to rotatlng-kelly hushing'(R;K}B.)'unless otherwise indicated.l

This'isnzof above-ground level (G.L.).

Chapter 1. preSents a summary of the7operations required to drill
and complete CFSU #31 -33. ‘A listing of contractors'used'is

also presented

Chapter Zﬁsnmmarizes what was learned about the hydrothermal
system encountered by CFSU #31- 33. -This includes data'on forma-
tion llthologles, fluld chemlstrles, and other- geologlcal

information. -

Chapter 3 contains a well history describing the day to day
,‘ioperations'during_the;drilling'of,CFSU #31-33. Also included

= =2 wime atwincde. and a listina



of ‘deviation. surveys w1th the correspondlng maximum readlng

thermometer results.

‘The two.fishingfoperatidns;engaged~in while drilling'this well

are described}invChapter 4.

A tlme depth progress graph is presented in Chapter 5. This
’graph also 1nd1cates he occurrence of events of major technlcalh"

1nterestrwhlle'dr;lllng_CFSU #31*33‘,-

Chapter 6. lists the various: klnds of logglng data taken ‘during.
the drllllng of CFSU #31 33.‘ Coples ‘of -each . of the individual
logs are supplled with the report . Maximum read;ng-thermometer ‘h
temperature surveys taken at varlous.times when'the_hole had

been static for two or more hours are also listed here. v

Chapter 7 presents technlcal 1nformatlon about the drill. bltS

used in. CFSU #31 33

Chapter'8'describesvcementing operations carried out duringlf
‘ca51ng ]ObS, whlle trylng to control lost c1rculatlon, and

while abandonlng the lower sectlon of the hole.

Chapter'9fis a technical summary of the drilling'fldids used
in;drillingvthis“ﬁell. This-Section Was_preparediby Baroid,,f'.
the sales}{serVice7and-engineeringﬁcompany;responsibleffor the

';drillingdfluids program.



Chapter 10 contains a summary'of=tubular'goddsﬂcorrosiOn which
. occurred while using aérated'Waterﬂas a drilling medium, as

welilas_Unionys_attemptSjto'maintain control.
Chapter 11 desétibes ﬁhe‘équipment and procedures used on the
wellsite;ﬁo-protect personnel from the potential:dangér‘of

H,S gas.
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COVE FORT SULPHURDALE UNIT #31-33
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COVE FORT SULPHURDALE UNIT 431-33

I. GENERAL INFORMATION




UNION OIL CO. OF CALIFORNIA

GEOTHERMAL DIVISION |

A. WELL RECORD

LEASE-

Cove Fort Sulphurdale Unit

" WELL # 31-33

- LOCATION_Ng9°28'W 1092.23 and South 479.21°
corner of Section 28,
- (The well is located

FIELD. cove Fort

RIG

from the South %

T25S, R6W, SIM.

in Section 33, T25S, R6W, SLM.)

ELEVATTONS :
K.B. TO GROUND_
K.B. TO LOWER CASING HEAD

SPUD DATE_JQ311§COMP
CONTRACTOR 1offland Brothers Company

DATE 7{27[ 8

# 5

GR

OUND_g480"

20"

B.H.L. B | TYPE WELL: EXPL. xx _ DEV.
DEPTH' T.D. 5221' T V.D. 5165' E<T.D. 2600"' STM HOT WTR xx = INJ
: DRY HOLE
COMPANY ENGINLER Harold Mossg - APPROVED i
L ; _ CASING RECORD ;
ASIZE WEIGHT | GRADE | THREAD TOP - BOTTOM | REMARKS
30" .375" wall H~40 - Welded G.L. 32'below G.L} cemented surface to 32" .
20" 24#/ft H-40 Buttress 20' K.B. [280' K.B. cemented surface to 280"':
13-3/8"| '54.5#/ft K=-55 1Buttress 20' K.B. }11733' X.B. ° cemented surface to 1733
2-7/8" | 6.44/ft K-55 ‘EUE."8FD. . - 20' K.B. |2579.53' . . ’hangmg tub:mg with
- . . " boftom joint nerforated

" MAKE. ° TYPE . - SIZE
CASING HEAD SPOOL WKM S.0.W. 13-3/8"x12" '3000#
- SPOOL Midway Flshlng Tool Tubing Hanger 12"x6" 3C00%#
. . ADAPTER - WKM Double Studded 6"x3" 3000%#/20004#
CASING HEAD VALVES WKM . Gate ) 3" 2000%#
- .HANGER SPOOL VALVESMldway Fishing Tool Blind Flange 2" 3000#
SWAB VALVE WKM .Gate 3" 2000# .
STEAM ENTRIES{\ DEPTH - LBS.'INCREASE,
”Not,Appiicable
. e SLOTS BLANK
SLOTTED LINER FROM TO FROM TO
2-7/8" EUE 8RD Tubing . 2550.11 - 2579.53  .G.L. 2550.11
TEST DATA . ) ORIFICE SIZE
WHP - FLP - TEMP

WELL .HEAD ASSEMBLY

PRESSURE RATING

‘RIG TEST DATE

- POUNDS/HOUR

REMARKS: __ Total Cost of

Well = $1,270,000 .

Z $243.25

Cost Per Foot




CONTRACTORS USED"

‘Baroid.
Basin Mud'SerViCe o

B&W, Inc.

Christenéen'Company

.. Cove Fort Service

| - Del Mar Construction

‘Donham 0il Tool

Dresser Industries

Francis Engine Service

~-Geotex

Grant~0il Tool

Duane Hall Tfudking

Halliburton':

HOMCO'

Howard-Construction

Hughes Tool Company

- Marion Kessler

. . La Sal 0il Company

'ﬁéffianderétﬂérs
-Mac‘é-Weiding
.BillaMartin;Rathale Sérvice

:'Midway Fishing Tool |

 Mbﬁhtain States Inspection

Oilwell Supply
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" CONTRACTORS USED (cont'd)

' San. Juan Casing Service,
- Schlumberger

" R. F. Smith Corporation-

Smith ToolfCompany '

. Thatcher Chemical -

West Coést 0il “Tool

W-K-M Wellhead Systems



COVE FORT SULPHURDALE UNIT #31-~33

' II. DRILLING OPERATIONS

" RIG_INFORMATION:
.‘Boffland?Brothers~Rig'#5jis an Ideco¢1000cPortable‘Masthand
20" substructure with an Ideco H—lOOO'Drawworks.,~The rig

is fateddtohdrill to a depth of 12, OOO". It is powered

with two v12 GMC Diesel Englnes rated at 434 INT. h p. each

at lBOOvRPM , The telescoplng Mast is 112‘ 1n helght. The

,rotary table is an. Ideco 27 1/2" Thearlg;ls-llmlted~to a

'350,000#xcaslng.capa01ty.

A nPREPARATION OF LOCATION AND SETTING OF CONDUCTOR

©TO. 52"(R ‘K.B. )

‘At thetendrof 1977 various operatlons were conducted to
;prepare the locatlon for drllllng.‘ The~locatlon,'sump and

aroads ‘were built to spec1f1catlons lald out in the "Approved

Unit Plan of Operatlons..} A 36" conductor hole was drllled
to 32' G L. (52" R K.B.) by Blll Martln Rathole Serv1ce.

Thlrty 1nch (30") conductor pipe was run and cemented from,

~[surface,to 32f'G.L. (52"R.K.B;) w1th Ready-Mlx Cement. -

26" HOLE: 52' to°289': (20" Casing Set to 280')

Loffland Rig_#S moved in, rigged up, and was placed on day

" rate at 1200 hours. 5/24/78. Drilled'mouse and rat holes.



Continued -

. hole was drilled to 301' (recent alluvium to 180', andesite

below). The hole was opened to 26"  from 52' to 295'.

" Two hundred—ninety four feet-(294‘) of 20"; 94#/fth—55 .

buttress ca51ng was set and cemented to surface. The 20"

..d;and 30".ca51ng were cut off ‘to ground level A 20" Hydr11

"GK and Double Shaffer blowout preventer was 1nstalled and

tested to U.S.G.S.;specrf;catlons.

1741/2"‘H0LE:e289‘ to 1735': (13-3/8" Casing Set to 1733')

l."General Descrlptlon of- Hole Drllled

,The 17 1/2" hole was drilled from 289' to l733'v(open

‘hole and £ill, 280' - 301'; andesite beginnin§ at 301')
withﬁsevere lost circulation problems7~fA partedﬁshockh“
" sub while drilling at 711" necessitated a fishing job

at,thisidepth;

-rComplete loss of 01rculatlon occurred numerous tlmes

Wover the 1nterval 1236' to 1276"' whlle drllllng dolomltlc

llmestone ‘and dolomlte.- Nlneteen lost c1rculatlon plugs"

.v(total volume of 4193 ft3 cement) were set during-the-
'elght days required to'drlll thlslsectlon. A total of
"340 bbls mud were lost whlle drllllng contlnued 1n

vdolomltlc.llmestone and dolomite from 1276 to '1564",



-D.- Continued -

,cementlplug #20. Avtotaléof-410'bbls mud"were~lost'
ﬂwhlle drilling occurred Ain the same formatlon from::
,1564' to.l7351. Complete 1oss of c1rculatlon occurred’
. at thls depth whlle 01rculat1ng and condltlonlng mud
2to run 13 3/8“ ca51ng Flve more lost 01rculatlon
plugs were set (558 ft3: cement) before 01rculatlon

was regained.

1,733' of 13-3/8", 54.5 #/ft; K-55 buttress casing. was
set and-cemented to surface.-'The 13—3/8" casing was
cut.off to'surfacé;'and'12"1~ 3000# B.0O.P. equipment

: Was"lnstalled and tested to U.S. G S gpec1fications.-

2..vProblemsiEncountered and Their,Reeolution'
a.. Parted Shock Sub at 711"‘- .
‘A shock. sub parted while drllllng at 711' The -
'1ost tools were recovered on flrst~run with an |
overshot fishing tool. | | |
Ab. ;Complete Loss of Circulation: 1236Y‘to l276"
._ Complete loss of c1rculatlon occurred at 1236",

but drllllng contlnued to 1241°'. The hole made

S

H)S. Whlle pulling the" drill strlng, and . H2

aldarms were set off at a 1evel'of 10 ppm.

Seven cement plugs (total volume = 1925 ft3) were -



Continued -

the H,S flow and an initial seep of methane were .. -

2

-,,completely eliminated after the fifth plug,

A 17- 1/2" drllllng assembly wads run to clean out
a brldge from l236'-to 1241', and to drlll from

1241' to 1252'; Wlth no drllllng fluid returns.

HSOO bbls mud was . lost whlle drllllng at-a rate ‘of -

20’_— 30! perrhour; There was no ev1dence of -

. torqulng, additional fractures, or runnlng dolomlte .

from 1241° tovl252'.

Flve addltlonal cement plugs (total volume 1090 ft3)

were set through open ended drlll plpe at 1250°

l The fluid level in wellbore was located'at 600fl

' using a wireline*and:wooden float;'but-theretwas

no cement to be found inbthe:hole. '

' Cement plug #13-(166 ££3) was settthroughiopen*ended
drill pipe at lZBbﬂi. The top of the cement was

located at“llﬁO’.ffThe1cement1was,drilled with. a

17—1/2" drillingdassembly from 1160' to 1252'

Complete ‘loss of 01rcu1at10n occurred at 1236'

New-17-1/2" hole.was drilled from 1252' to 1257°

with‘no'drilling fluid returns:




' Continued = -

‘zone.h'Cement:wasflocated at 1221° follOWing'plugo

$17.

. Flrm cement was. drllled out “from 1221' to. 1247‘

at Wthh depth complete loss of c1rculatlon occurred.

"Cement plug #18 (235 ft3) was then set. Precedlng
“the 1nject10n of cement three separate attempts .

v.vwere made‘to¢plug up the~lostr01rculat10nwzone*by A
'Alnjectlng 90 ft3 amounts of a water/polymer lost

_c1rculatlon_compound We were unable to flll the

hole following~each attempt.

" The top of . the ‘cement from plug #18 was located at

1183, Firm cement was drllled out from 1183‘

| 1257', drllllng contlnued in- dOlOmlth llmestone_

and dolomite fromr1257"to 1276'. Complete loss'

vofhreturnsfoccﬁrred atc1274'f'

At thlS depth cement plug #19. (115 ft3) was preceded :

by a 112 ft3 mixture “of" water/polymer lost 01rculatlon

compound The top of the cement was located at

1230°'.

"Complete Loss of Clrculatlon at 1564'

Fluid returns were’ lost completely at l564' after"'



Continued -

.1380‘at011564'. The driil'ﬁipe.became stuck while
_'pnlling‘oﬁt of the hole, but Was.WOrked free in .
: four_hours,'
Cementlplug #20 was then set‘(115.ft3);5but was
preoedédvby 95 ft3 ofbwater/poiymer lost_oitculation ‘

- compound. .

The top of the cement was found at. l487' Cement

was cleaned out to 1500' with full drllllng fluld
'returns.n Clrculatlon was lost completely at 1500'

but was regalned w1th 500 bbls of water.

The hole was then cleaned out to 1564".

Complete Loss of Clrculatlon at 1735'

A-17- 1/2" hole was" drllled in. dolomlte from 1564'

| “to 1735', whlle 1081ng a total of 410 bbls mud ..

Whlle c1rculat1ng and condltlonlng mud in preparatlon

vfor runnlng 13-3/8" ca51ng, drllllng fluld returns

" were lost=completely.

Five additional'cement plugs were set (nos. 21-25,

,total vOlume = 594 ft3),'threenbf'which were preceded

by the water/polymer lost c1rculatlon compound

(total.volume = 316 ft3). Followina the last bluda,



2. d. Continued -
nmd,=and~the-l3f3/8";casing was successfully run and. cemented.

12-1/4" HOLE: 1735' to T.D. at 5221' (Hole Plugged Back

to 2600') -

S 1. Geﬁéral ﬁéééfipﬁioh of Hole Drilled
The 12;1/4" hole Was'drilled{fiéﬁ“i735‘rt§’totai depth':
at_5221f_With continqu,los£ cifdulation pr@blems
-{(1735* to 2776' in-dolomitic limestone;and»limestope,-]
2770}‘t6'4787)'in siltétqne'éﬁd.sandstone, and 4787'_'”
't§:5221'-in dolomite). After ¢omplété loss of circula~'
tion OCCﬁrred'dt 5015',7thefremainder of the hble was
drilied withschémidélly tréated.aerated wafér. Thefé 

‘were_intérmittent returns to the éu:facé-from 2015' to
4832'i and none from 4832'~to totalidepth;at.5221';

- A parted shoCk'éuB'rquifed fishing at 28765.'.‘

| coring was'attemptéd frdm 5015' to 5021 with_bnly."
1iiﬁitéd fécovery; Various Séhlumbergér and Geotex well

logs were run to 5200'%.

- Efforts to abandon the lbwer portibn of the holéIWere-
then begﬁn3 The 12-1/4" hole was plugged_back.to

26005‘aft¢r setting 15 cement’ abandonment plugs.



E., 2. Problems Encountered and Thelr Resolutlon

B

omplete Loss of Returns at 2015': Rig Up for
Aerated Water Drllllng

After‘cichlation-was*lost»completelYﬂat 2015', drill-

':1ng contlnued with chemlcally treated aerated water.

Whlle rlgglng up for drllllng with. a1r, a. bottom'

'hole temperature of 210°F was measured ' The hole_

had been static for 12.hours,1’ _
Intérmittent Returns to Surface: 2015' to 4832'

A 12-1/4"hole was drilled in‘dolomite from=2019' to

2672" u51ng the chemlcally treated aerated water.;

'Cuttlngs or. liguid returns were not obtalned whlle

drllllng this 1nterval Intermlttent returns of water

and. cuttlngs were obtalned from 2151' to 2550', whlle :

H'no returns were obtalned from 2550' to 2672'

Intermittent_returns by heads were obtained every

‘three to four hours while drilling from 2672' to 2920',

"at which depth a shock sub parted,,requiring-fishing.

-Driiling cOntinuedj from 2920' to 3250°'. »Some*interQ'

mittent cold water returns were eXperiencedeith d'

 temperatures from 50°F.to_l7l°F."A 1241/4“ holéf

was drilled to’ 3765‘ and additionalujet subs weré:
added to the drlll string to aid in 11ft1ng fluld and

sodium nitrate was added to the 1n3ect10n water to'



Continued - -

The.12-1/4" holé continued to be drilled tq54&32';
with'interﬁitteht fluid returns to‘surfacegn Tempera-
ture.surveys/at 4675" indicated 292°F after'fiue t
hours static, and 292°F at 4735' after 18 hours.

static.

. Parted Shock Sub at 2920

At 2876', the shock sub falled requlred flshlng,

and was recovered on “the flrst attempt

'No*Returns to Surface: 4832" to T. D. ‘at 5221"~
| A 12- 1/4“ hole ‘was drllled to 5009', w1thout

returns to surface.

Formation voids were noted at 4852' and 4858°'.

Drillacutting fill impaired drilling-ahd'causedA'

 drill. string: sticking.

Continual replenishment‘of.the’driil'water'supply :

was'hampered'due to lack of;available'tanketrucks,

although~f0ur‘in.use;,

An.attempt to consolidate formation £ill and}regain,"

) partial_returns~was.made by displacing'a'sdaium

silicate—calcium-cthride solution,-followed;byu
cementePer;ite—Silica'flour—gel'plugs-and the hole -

filled to 4753"'.
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E. 72}' d. Continued -
from 4753' to 4926%, a void from 4926' to 4935’
' and £ill wasieéncountered from 4935" to'5009f,5With-
no fluid réturns»to.surface. -12—1/4“'holéiwasr -

drilled to #5221,

3.  Coring Efforts - 5015' to 5021'
" An attémpt wasamade to obtain two:cores_pf the'forma— .
'tion} Withoﬁt sucéessgand?bnly*S“*df coréy a'high1y 

- fractured dolomitewwasgrecovefedﬁ;

4. Loggihg Efforts' ’
o Two Séhlumbe#ger temperé£Ure 1ogs; é DIL—S and‘CNLQFDC} _
" and-a 4-arm Dipﬁetervwitﬁﬁééliﬁer,log‘were ruh.‘ Théy5 
indicétéd dolomite‘from;1%35{ £or2770f; éiltétone and - .
sandstbhe ﬁroh 2770’ tbj4782@ éndfdblomiteifrom 4782(‘ '
.to_$221'.4tMaximum reéding.thermOmetér temperatures -

were 282°F. .

A Geotex Temperature Log, water aquifer locater and -
radiocactive tracer:were run, indicatingicross flow of
fluid; up1and'dowh the hole. The previous temperéture'

were -confirmed. .

5. Pluggihg Back to 2600"

'deer;hole section»abandpnment'operatidnS”cbnSiStéd‘of:




',S.f:Contihuedt;

of two Halllburton EZSV l3 3/8" plugs. These operatlonsj-"‘

"resulted in the establlshment of .a plug from 5221'
‘ 4728'; and from 2750' to 2552’ " The upper plug wasA"z
. drllled out to 2600' A The plugs were 1nstalled by
V'U S G S dlrectlon 1n order to ellmlnate p0351ble co-

mlngllng of formatlon flulds. -

'WELL COMPLETION

‘A 2-7/8" EUE 8RD 6;4#/ft_tubing temperature'survey4String

was'hung,in-a'Shaffer‘tubing'headeat the Surfece;ffThe

'bottom joint of tubing,‘30‘,'was perforated;and-orange,

'peeled with a 3/4“ hole in the bottom. The bottom'tubing:,

]Olnt is ‘located at 2558'; ground,level.

'The purpose of “this completlon arrangement was to fac111tate 1

- the executlon of future temperature surveys in the upper ‘

"1 portlon of‘the hole.

_The'Loffland:Brothers.Company rig,v#S,uwasireleased‘ét.f3'

1800 hoﬁrs;77/27/78, e



' COVE FORT SULPHURDALE UNIT #31-33

TII. POST DRILLING OPERATIONS

Current planslare”to continue monitoringltemperatufes in the -
upper portion of. the hole. Uniohlpersonnel'carriedvoutAa‘-

" temperature Survéy of:the-completéd-20ne'0nAAugust 9, 1978.



GEOLOGIC REPORT ON THE
COVE FORT-SULPHURDALE UNIT #31-33
MILLARD COUNTY, UTAH

LITHOLOGY ’ ‘ ' .

" The CFSU 31 33 well was drllled to a total depth of 5221 feet
where-a sequence of soft;dolomltlc«ehale and brecoleted and
fraﬁtured dolomite is,preseot. ,Tﬁe seqdeocefof'rook,unite_ -
'encodntEredrin'the'31433‘weil.difﬁere.fromtthat.fognd»in’thet;f
CFSU 42—7 weLl~-iﬁdicating~that the lOCel sobsurface structure
'vhas con51derably altered the normal stratlgraphlc sequence in
‘dthe area.’ Those rock unlts ‘that are present in both wells‘
_show.signiflcant_Varratlon-rn degree of alteratron and meta-.
;.morphismt | o ‘ |

'The following is a descrlptlon and dlscu531on of the rock:
‘types encountered in CFSU 31~ 33 from the surface to the total'
‘depth The descrlptlons are based ‘on -examination of the well d‘
cuttings by brnocular mlcroscopeﬂand one xeray-dlffractometer:f

analysis.

Recent'alluvium.is.present»from the;surface to approximetelyl.r
180 feet.  The alluvium cOhsistsfof'hydrothermally altered<:'
volcanic pebbles,'gravel,;endfsand‘with abundant}limonite .

staining.




Gl BT e

E A ) Interval.............lBO ~1005"
-Formatlon............Bulllon Canyon Volcanlcs
.-Age...............,..Ollgocene and Mlocene(°)

thhology............Ande31te

TThe'well nenetrated 825 feet of Mld-Tertlary extru51ve volcanlcs,;v
'the majorlty of whlch were characterlzed by exten51ve chlorltlc
o fand argllllc alteratlon.. The volcanlcs can be lelded lnto-x'
vrtwo major units based: on the texture and COmpOSlthn of the'f;"
samples.: The-upper unlt (180—530 feet) con51sts of a greenlsh
to reddish- gray porphyrltlc ande51te and ‘a ‘minor - greenlsh—gray.
V.aphanltlc ande51te. The flne to medlum—gralned phenocrysts '
"'are predomlnately feldspar, w1th trace pyroxene,'and ‘trace. toA B
'rare blotltef ca1c1te and quartz. In most- cases, the pyroxene
'_and blOtlte have been bleached or - chlorltlzed and some feldspar‘d
-phenocrysts have- been altered to kaollnlte.; The chlorltlzatlon

.appears to 1ncrease'w1thvdepth.r.

‘fThe lower unlt (530- 1005 feet) is, characterlzed by the appearance:*l
of abundant pyrlte and 51llce0us fracture fllllng materlal..
The volcanlcs of thrs unltacon515t=of«a gray, flne gralned
_‘porphyrltlc ande81te and a chlorltlzed and”’ 5111c1f1ed greenlsh—v-v
' 1grayj medrumfgralnedAporphyrltlc andes;te, The phenocrysts consist{_
R E mainly.of white,’aubhedralifeldséar{ chloritized biotiteﬂand-,

'pyroxene, trace magnetite, .and trace tojrare'calciteg"Quartzj'




phenocrysts are - generally absent ln the lower unlt Minorx

amounts ofia pale reddlsh—orange welded tuff are present from
690 700 feet - The base of the volcanlcs-ls characterized by-
decrea51ng amounts of pyrlte and SLllceous fracture fllllng
materlal, and 1ncrea51ng amounts of ca101te and greenlsh to
reddlsh gray porphyrltlc ande51te.} Thls andeSLte is similar

to the andes1te of. the upper - unlt Some of the volcanlcs from
730—1005~feet appedr- to benbrecc;ated.?fTwo fracture zonesjwere;

encountered at 5305550 feet and 620-650 feet.

Interval.............1005 1150'-5
‘“,Formatlon............Claron(°)/North Horn(°) fOrmatlon
Age,.,;...f..........Upper Cretaceous(?) to Paleocene (?)

" Lithology............Siltstone

: An'unoonformity'between.the-BuilionmCanyon Voleanicsuand_the‘

Claron formation was peﬁetratedgatllOOSmfeet.

v

The Claron formatlon con51sts of a poorly—sorted red 51ltstone
w1th flne to medlum gralned subrounded quartz and quart21te
clasts and medium to coa:se—gralned llmestone clasts in a clayey

red matrix ¢cemented with calcite. The siltstone,is“moderately‘A

well-cemented and contains minor calcite-filled fractures,_ The

quartZ'andxlimestone clasts'become coarser-graiﬁed nea¥ the base-'~

of the formatlon as the 511tstone becomes conglomeratlc in part

';Thls 145 foot section of red 51ltstone 1s generally hard and B

’unfractured, -with - very low por051ty S




fIntervall.t.;,...;...1150 2770'

-Formation.;.1§.,;....kalbab(’)/Pakoon(’)/Ca11V1lle(9)(Oqulrrh)
: ) formation

Age,,.;;,.....w,wu...Permlan(°) -rPennsylvanlan(°)

i S ‘Lithoiogy.,;q,.;lu...Dolomltlc limestone,. dolomlte

An unconformlty between the Claron formatlon and a carbonate unit of_

LT uncertdin age and correlatlon was penetrated at 1150 feet.

‘..:; ;i s The’ ‘lippex- part of the. unlt con51sts of a llght to dark gray,»l

. 7 "~ fine to medlum gralned dolomltlc llmestone with, rare - cr1n01d
fragments, trace whlte, sllghtly calcareous to non- calcareousi
flne-sandstone,“and minoxr chert. A llght blue gray, soft,
>sllghtly calcareous Sthstone appears at 1170 feet and 1n—'
creaseSjln;amount w1th'depthf‘ Pyrite and quartz are trace

to rare in this interval.

A major lostfcirculation zone-was,encountered at 1233—1255 feet,
- High concentratlons of hydrogen sulphlde gas and carbon dlox1de

gas were detected in the zone.v:

A sequence of 1ight'brown to light gray aphanitic and cherty
dolomite and darkegray,_fine-to‘medium—grained calcareous :
dolomite with sugary texture'occurs’below>the,loSt circalation .

i L zone. . Trace tofrare_amounts'of»pyrite,_s?haierite{»galena, o

"‘\; [ and calcite are . present intermittently;froﬁille_to 1460 feet. -
‘White to light.grayichertwand<aphanitic dolomite occur at

1520 to 1560 feet. : This sequence of chert, aphanitic dolomite,




and secondary sulphlde mlnerals 1s srmllar to an lnterval
descrlbed as Lower Permlan Pakoon dolomlte ln the -CFsU 42- 7
‘.‘well. However, a promlnent sandstone marker bed in: the Pakoon

dolomlte,ls absent in the CFSU 31—33 well.

The dolomite.belowwthe!chertyﬂinterwal:is éredomlnately.
dark: graylsh brown, fine.to medium;§rained'andfslightlyﬂ
calcareous w1th mlnor brecc1ated calc1te and 51llceous velns.
Rare cr1n01d'stems*are’present;from11570 tollS90:feet.. The‘ Jdl'
Adolomite7becomes7moreicalcareous with depth ‘accompanded
.be an increase in brecc1atlon and ca101te velnlng. This
lnterval of dark. gray crystalllne calcareous dolomlte could

be tentatlvely correlated with the Pennsylvanlan Callv1lle '

(Oqulrrh) formatlon.

A second.major dost c1rculat10n zone‘was encountered at
2010 feet. Mlnor amounts of hydrogen sulphlde ~gas were*
4present“at 2080‘feet Sample»returns were mlnlmal throughout
the - 1nterval 2010 3030 feet but- generallyyconsrsted of x

' brecclated crystalllne dolomite.

The dipmeter log was run‘frdm 1733'rto'the-total depth.  The
dips of the carbonate 1n thlS lnterval are'extremely erratic}.

1nd1cat1ng ‘the- presence of many cavities: and fractures.'

The age. and correlation of the.carbonates.in the interval -

1150-2770 feet is uncertain. Dolomitization may have destroyed




diagnOStic_EOSSils that might aid .in the -correlation of these'r

units. ‘ .

Interval.............2770-4787"
.. Formation............Chinle(?), Shlnarump(°), MOGHROPI
NI e formations - ’ :
Age;;;j........f;1..;Tr1ass1c '

‘Lithologya-e;;;,-....Siltstone'and sahdstone -

.Thehbresence’of?appﬁoximatelyc2000-feet of'Triassic Red Beds
below Permian(?) and Pennsylvauiau(?) aoiomite indicates that;

- Signrficaut thrust or reVerse'faultingvoccurred in‘tﬁe area
'.between1Mid—Mesozoic:aﬁd Lateigretaceous time, ‘
The’Triassic,Red~BedS‘consist of interbedded“red,-slightly
ecalcareous;'poorly—sortea ﬁicaceous.siltstones,elight gray to. .
”white calcareous sandstones,*and palevgreen}‘slightly calcareous
51ltstones. Trace to rare. gypsum occurs 1ntermlttently
throughéut the 1nterval.':A medium to dark gray,.yery calcareous*
sandy siltstohefis present . from 4180_to54640 feet1~oLight grayxf
mottledlCalcareous;fragments"containing'trace to common: : |
gastropod fossils are also present in that 1nterva1., The base
of the- Red Beds is predomlnately reddlsh brown non- calcareous
.to slightly" calgareous: 51ltstone gradlng into ‘a fine sandstone,
pale.green751ltstoner,and mlnor~dark;gray, very calcareous

Siltstoneqq.'

The Red Beds are characterized;by abgenerally,lowAporosity.
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Minor fractures are present in the red siltstones, but_moét
fractures are . filled'with caicite;e'The-white to pale rednv‘i
sandstones vary from belng moderately well cemented with

sxllca and calc1te to frlable and poorly cemented

Formatioﬁ dips obtained from the dipmeter log.are fairly~;'”

consistent throughout the .Red Beds. ” The strike of the Red '

Be@snraﬁﬁes from E~W.to N46W,javera§ing N75W.t The dips.range

'from»ZOT“NE.to 42° ‘NE, averaging 22° NE. Variations in the -
:strlke and dlp generally occur, at the tran51tlons between
'sandstone and 51ltst0ne beds and at minor fracture ‘zones in thev

_51ltstones.

Interval.............4787-5221' |
Formation......s.....Unknown
' Age..;.;.;.J..L..;.QQPre~Triassic

Lithology,;,.;..;;.:.Dolomite'

A majer lost eirculatidn‘zone was:eﬁcogntered;ati4787‘feet;=
The oﬁlyesaﬁple:return Waé'ébteineé»ffom the»ihtétvel 4790- .
4800 feet. Thié sample consists ef%e'mediqm«gray to black
very fine:grained,inOsely—toneoiideted,‘slightlyﬂealcaredus -
shale or -siltstone. A po@derrx—réy‘diffrectometet.anelysis h
waS:ruﬁ'at the University of“Utah to;determine tﬁe'bulk
comgesitidn'ef the sampleg' Theﬁthfee‘majot'conetituenté of the.;

sample are quartz, K-mica)-and'dolomite;
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Two cores were cut at 5015 to 5018 feet and at 5018 to’ 5021

feet. There was elght ~inch recovery on the flrst -core.

,Core #l is a medlum to- dark gray fractured and brecc1ated

*dolomlte. There was no recovery of Core #2

The drill rates in this interval were very erratlc, ranging
from 150 . feet/hour to 5rfeet/hour. Several cavities- and

fracture .zones one- to~two—feet thlck were. encountered
The dips obtained from the dipmeterklog in this‘unit are not
quite as consistent asythose in thelTriaSsic Red Beds, and -

there were several intervals in which no. dips were recorded.

‘The average strike of'the dolomite’uhit is NSOW. The average

dip 'is’ 22° NE. The contact with the Red Beds appears to be’

a fault or dlsconformlty
it is difficult;to determine the formation and age=of this unit
because of the sllght returns and brec01ated nature of the

dolomlte. :If the contact w1th the Red Beds is. a thrust fault

. or dlsconformlty, then ‘the dolomlte could belong to any of

the pre Trlas51c carbonates such as the Kalbab llmestone,
Pakoon dolomrte, or Callvrlle llmestoneil Detalled mlcro—'

paleo examlnatlon of the core mlght ald in the correlatlon.'

- of thlS unit.




GEOCHEMISTRY

'Whlle drllllng w1th aerated water from 2021 to 5221 feet, T
' formatlon water entered the borehole and c1rculated to theﬂf
. surface w1th the 1n]ected water.‘ In order to‘determlne .

.the geochemlstry of the system, flowllne samples were

collected durlng perlods in whlch there were substantlal

'fluld returns w1th relatlvely hlgh temperatures and . low'y

PH: compared to the 1njected water.,

It was shown by a tracer survey run by GeoTex Corp. that
fluid from the 1nterval 4800 SOOO feet. was. -flowing upwardﬁf

to 2010 feet at .a rate of,greater than 500 bbls/hr. It was -

“also found that fluid wasfflowing'dQanard'tc 5175 feet .at-
' the rate of 10-to 20 bbls/hr. A sample of the flhid"flowing4

up the~wellbore'Was collected by entering the hole with drill'

pipe that had an 1nverted -float sub.on the bottom and a- jet

sub three-stands above,the float sub. The drlll pipe was

lowered to approximately 3000 feet;f Fluid entered the drill

pipe'throughﬁthe inverted float sub whichiallows:fluid[movements

in only one direction. As the fdrill -?p'ipé wa's ‘pulled up, the

90 feet of fluld between the float sub and ]et sub was trapped '

and brought up to the surface._.

&

The chemlcal analyses .of the ‘'water samples were done by Ford

-A_Chemlcal Laboratory, Inc. in Salt Lake Clty.' The results

" of these analyses are 1ncluded in the appendix. Flgures 1

and 2 are graphs of srgnlflcant chemical constituents




were at a maximum.

- The ‘Na~-K-Ca reéervoir‘temperature estimates were.verY1hlghﬁ§n

-10~

plottedvagainst_the depth'whenithe-éamples were collected..

The max1mum sallnlty attained in the flowllne dlscharge

lwas lO 000 ppm at 4l70 feet.. The:marked decrease in salinity B
‘iat 4800 feet to 1320 ppm is probably due to lower salinity
”water flow1ng 1nto the borehole after the dOlOmlth shale

and dolomlte brecc1a were penetrated at 4787 feet.

Tables 1 and 2-contain data-based on the silica and-Na-K-Ca - -

_geothermometer calculatlons of the flowllne dlscharge and fluldv

from the 4800 <5000 foot 1nterval. The equatlon used for_the

gs;l;ca;calculatlons was: _t C = (lBlS/S.ZOS—log,SiOz)-273,15.

Tﬁe*eqﬁation used-forfthe Na-K-Ca calculations.was£

- t°C = (lG47/log(Na/K)+B log (NTCa/Na)+2. 24) - 273 15.% - Silica :
1temperature estlmates were calculated for both diluted and

'undlluted,samples for each:sample 1nterval.

The most rellable 3111ca temperature estlmate, 379°F, is=from

the dlluted sample collected at 4l70 feet. Thls'samplefreached

the"laboratory within four days and was collected when the ' TDS

*Proceedlngs of. the Second UN Symp051um on Development and

lUse of Geothermal Resources, Vol. I, p. lxxiii (1975).




= ThetboreholeVWater sample‘from 4800 feet is'more siﬁilarein

:—il-

7.~1ess.believable,than the estimates‘from'the’silica caloulatiOns.,;_

fhe-best;Na—KeCa temperature%eStimate,3495°Fftis from the:
sample'collected’at 4170 feet. This sample probably has the R
least'contamination and dilution of all thevflowline'samples

bécause of its high.salinity.}'

"The flowllne sample collected at 4170 feet probably best

represents the geochemlstry of the geothermal reservoir because
of_lts high .salinity and chemlcal\s1mflar1ty ‘to water believed-
to represent“the reseruoirvin the CFSU 42—7 well.,.The<sample'~

from 4170 feet is also the last . flowllne sample collected o

- before lower salinity fluld entered the borehole around 4800

feet;vAV;

'4chemlstry to meteorlc water than to the formatlon water samples

collected at the flowllne whlle drllllng.m Th;s lowerrsallnlty o

fluid is probably local ground water.v‘Accordiué to the:free"

water level in the well measured after the zone at 4800 feet

- was plugged the ground water table 1s approx1mately 1400 feet

below the surface The permeable dolomltes in the 1nterval 4800
to’ 5000 feet could 1ntersect a part of the watexr table that "

had been faulted-upvto a level above 1400 feet, or the_dolomlte

-could be'in'faulttcommunication_with near-surface meteoric

water several hundred feet above the deep ground water. The’
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dolomlte would act as-a condult through whlch the water ‘would.

'flow down dip. The Red Beds above the dolomlte form an effectlvelr

~aquiclude. When the 4800 to 5000 feet zone was penetrated durlng'w

drilling, the dlfference in head would cause the water to flow

DISCUSSION .
Figure .3 is‘a]graphxof‘theVtemperature profiles from surveys"

‘taken.after reaching'the total.depth}' The1temperature”profilesf.5

show the presence of a thermal conductlve zone in the Bulllon

'Canyon volcanlcs from the surface to approx1mately 1000 feet
‘;Temperature gradlents in thlS zone range from 6° to 20°F/100 feet.
An 1sothermal ‘zone is present from 1000 feet to about 1600 feet

in red slltstone and dolomitic limestones. - There is a small

temperaturevincreasezaroundj1400'feet,‘whichAcorrespondsfto the

free water level in the well.  -A second conductive.ZOne is o

‘present from.IGOOsfeetﬁto'ZOOO‘feet in brecciated.dolOmite.

Temperature: gradlents in. thlS zone . range from 5° to 26°F/100 feetj‘

: Aénearly 1sothermal Z6hne occurs in the dolomlte and Red Beds

from 2000 feet to 4800 feet. Below 4800 feet, there is a

Ltemperature reVerSal}to~5200 feet.

The isothermal zone in the'intervaleZOOO to-4800'feetris'probably

- the result of low sallnlty “fluid from 4800 feet flow1ng up the

wellbore and out into the- formatlon to ‘about 2010 feet.v Tempera-‘

R i e T e e g, e e gt e T s s
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turesvrecorded by maximum—reading thermometers during‘deviatfon
surveys range from 210°F at 2600 feet to 294;Ffat'4706 feet .
(Table 3). Aftervpenetratfng‘the zohe at 4800 feetk the .
temperetpres.recorded by maximum~reading thermometers were:
consistently 291-294°F, aboveé 5000 feet;',Thelhole had been static
(no c1rculatlon of 1njected water) for two hours when the- »
reading was’ taken at 4700 feet, After a static time of-18 hours,.
thegread;ng at 4735Afeet was also,2939F._'Normally; after 18 hours "
of static time, a temperature build-up at thfs deéth would be |
expected.- fherefore,{the fluidxflowing up the wellbore may
‘have had'a’slight coolihg effect on the zone above 4800 feet, or

‘“the”max;mum'temperature at 4735 feet could be 293°F.

The teﬁpereture reVersalvfrom.4800~to 5200lfeet could have- )
resuited fromtseveral.factors.' It could'be a:temporsry'rerersal‘
‘withih'thevreservoir_whilevdrillihg:throughbthe descending -
(cold)tlimb»of;a convection cell. If that is the case, then&é
'positiﬁe.gradieht quld“be ehcountered'by drilling deeper. .
ThefreverSal could also indicate that the well had'oenetrated'
the edge of a geothermal system and then drllled out of it into

the cooler rock below.

’It is dlfflcult to determine the reserv01r characterlstlcs of this
geothermal system because of the coollng effect of the fluld

flow1ng:up the wellbore from 4800 feet and the lack of sub—.
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“stantlal fluld and rock sample returns whlle drllllng. Saﬁples-
of warm. formatlon fluid were obtalned from 2455 to 4170 feet.
However, it 1s not known whether these flulds exist 1n 1solated
;fractures ‘or in an- 1nterconnect1ng fracture system forming a ,v

"l;quld—domlnated convective reserv01r._

“The Eullion Canyon‘voicanics and Claron~formation werevnot as

.athlck as’ expected in ‘the CFSU 31 33 well, and-as a result,.
dolomlte and . dolomltlc llmestones were encountered .above the-

‘ water table; However, unllke the unconsolldated ("sanded")"

dolomlte that occurred above the water table in the Formlnco #l

‘well dolomlte samples in the 31- 33 well showed no 51gns of

‘Sandlng. “A minor’ dolomltlc 51ltstone was present above the lost

‘-01rculatlon zone at 1233 1270 feet- where st was encountered,

but 1t did not resemble'the unconsolldated crystalllne dolomlte
-from 'the Forminco #1 well. ‘The sambles below that first lost:

'circulationlzone in the 31-33 well- are hardy_CIYStalline to -

- aphanitic dolomitic limestones and dolomites. ?hesetdo;Omites :

are above the water table and show no signs of sandifg. .

i e
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Estimation of Subsurface Temperatures fmm o
the Silica Content of Water from the Flowline .

'Discharg_e -and ‘Borehole Water Samples, CFSU 31-33

Millard Co., Utah
" TABLE ‘1 '
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Estlmatlon of Subsurface Temperatures fram the
Emp:LrJ.cal Na—~K-Ca Geothermometer for Flowline ,
Dlscharges -and Borehole Water Samples, -CFSU 31-33
: ‘Millard Co., Utah -

TABLE 2.7 ’

F

g.=1/3 .

Na-K—Ca -

Temperature =

from

of Flowliné
Estimated

Depth, ft
Tempe erature

™S, Na . . K . Ca

| 2455 | a3 | 7600 | 2530 423 ,A‘ | 5.5 .| 554
2825 79| 7ess | 2ems sz | o200 1‘485 ’
3720 | 155 1 sdoo 2916° - ) 465_ | 62.4 497
a7 | 102 | 10,000 | 4000 - | 443 | 14.4 s

4800

")

1320 355 | o562 | 74.4 407




MAXIMUM READING THERMOMETER TEMPERATURE SURVEYS

DATE

05-28-78

06-02-78
06-03-78
06-04-78
06-05-78

06-05-78
" 06-06-78

-06-15-78
. 06-16-78
06-27-78

06-28-78

06-30-78 -
07-04-78
07-05-78

07-08-78

07-08-78

07-10-78 .-

07-10-78

07-10-78 -

07-10-78

07-17-78

. COVE. FORT .- SULPHURDALE #31 33

TABLE. 3 -

TIME SINCE
CIRCULATION STOPPED

<30 mln
- <30 min.
<30_min.

.-<30 min.

<30 min. - -

© <30 min,
<30 min.
15 min.
;lS:min.

15 min. ~

12 hours

15 min.-

1;3 hours

1.2 hours - .

2;2 hours

14.5 hours
S‘houfS"

2 hours -

10.5 hours -

18-hours

19.5 hours ' -

THERMOMETER
READING

103°F
108°F
118°F
120°F
139°F .

"138°F -

| 150°F .

C122°F
118°F
133°F
210°F
138°F
234°F

260°F

1 285-290°F

. 283°F

292-294°F

1292-294°F

N291—292°Fn-‘

293°F

. 244-249°F ¢ -

" DEPTH

262"

445"

608"

733"
899"

987"

1080" -

1332"

. 1400"
 1o4s
©:2000"
2354
3250
73625}‘

- 4090"

4440'

4675"

“a700'

4727

4735"

5035

e e e s g

ey O



" GEOCHEMICAL DATA .

WELL:”}-Unlon 01l Company- of Callfornla
" . .- 'Cove Fort-Sulphurdale Unit. #31 33
Mlllard County.; :Utah

Sémp‘le Informatl_on

SOurce Flowline :
~Collection Date and Time..:.v.eueean.. -.. 6-30-78,.-1200 -Hrs.
" Depth of Well at Time, of Collectlon . 2455 : .

. Temperature of Sample.......ccoeecuenn. 138°F .
' Date Analysis Begun............. AP R eceived by lab 7 11- 78

Turbidity C - 1s0.0 WU . Lithim as i © o 12.05 mg

'Conductivity - - 11,700 umhos/cm .-’»-Total Hardness as- CaCO3 - 24.0 - mg/1
pH oL . 8.77 Unlts : -‘_.',-’"‘-A"‘Iron as Fe (Total) 'A RN 3,200 : mg/l '

-‘ DS at —180°¢f'.-' 7,600 mg/l "~ Iron as Fe (F:thered) 0.347 mg/l

:A_llgalinity 'as,_CaCO3 - °836.0 mg/l : ‘Lead as Pb s 7. 0.345 mg/l o
' Arsenlc »as_'Asi_‘f. L 0.970 mg/1 ‘Maqnes;lm as Mg L 9.0 ﬁ4mg/l
Bicarbonate as HCO; 88816 ng/I 0 . Manganese as Mo 0.249 mg/l

Barlum fas Ba .. . _b 0,0'7Af_‘v.v"m;c_;/1*, | Mercury as:Hg ' ' ."<0;")002c"m:g/]_ .

'BOrén'-.aé’B' 0.15 "nlg/lgf : _jNick;i,_ as Ni . 'O..6:8'5 mg/1
| camimasca 0008 mg/ | Nitteas NN 008 ng/d
»"Calc:umv as Ca - 5.60 : mg/l:. Nitrite as NO,-N B A _ .’<0-01 mg/1

_'Carbonate as- CO3 64.8 mg/i o E 'Pétaséiu‘m as K . o 423;0 : mg/1 -

: - Chlorlde as a © 3,440 - mg/1 ::  . Selenium.as Se: - - - 0.001" " mg/1 -
Chromiun as cr ('Ibtal) <0.001 mg/1 "_Silic’:a> as 5i0, L7750 mgn
'Chronumn as-Cr (Hex) - <0:001 :fpg/l ‘: ~ silver as Ag- . 0.026 ' ;ﬁ_g/l
Copperias Cu ©  _0.065 mg/l Sulf-ate:-‘as.;;soll 210 g
SurfvactantvaBAS,' . . <0.05 mg/1 - - Sodium as Na o 2,530 mg/1

Fluoride as F.© ~ _3.10 mg/l . V'chas zilc - 0.084, mg/l




GEOCHEMICAL DATA

 ,WELL:‘-Union 0il Company -of Cdliforhia“ )
R ~Cove Fort-Sulphurdale .Unit. #31-33."
Millard County, Utah - - o

Sample Information

j.é@urce...;.,....;... ........ };;;;....;..fFlowline
Collection Date and Time...u.uveuweeeeass 7-1-78, 1100 Hrs.
" Depth of Well at Time 6f Collection.... 2825

Temperature of Sample........... eeva... I9°F .

Date Analysis Begun.......... sreeeaenas _Receiyed by ;ab,7—ll-78
.'I;urk;idity. . 2600 NTU Lii;_hi:um as i S 12.46 mg/1
Conductivity -~ 11,780 wihos/cm . Total Haidness as Caéo3 5600 mg/1
pH | - _1.38° Units o I{:Qn as Fe (Total) . 8.786 mg/1 |
“TDS at. 180°C R 7,655 mg/1 .. Iron as Fe (Filtered)  ,_1,.920 mg/1
Alkalinity as,CaCO3. - 394.0 mg/1 - .Iiéa_a as Po - ©0.350 mg/1
Arsenic asas . © 0.3 mg/l  Magnesium asMg ; 4.40. ng/L
Bicarﬁonatefas.HCQ3". 480.68.. ﬁg[; ‘ V Mangaﬂese‘és Mn . . 2.084 g/l
Bariunas Ba. 029 mg/l - Mercury asHg  <0.0002 mg/1 .
Boron as B : ;. 0.30 mgn. © Nickel asNi . . - _9"-‘_6?0 mg/1

. Cadmium.as ca . 0-005‘>'mg"/:1~i Nitrate as,NOéQN o 0.03- mg/1 '
Ccaleimasca - 200.0 g/l Nitrite as No,-N. - <0.01 mg/l .
Caxbonate.éé CO3 <0.01 -mg/1 ' "Potaséium as K v: 452}0, mg/1
Chloride as Cl 3,550 mg/l -  Selenimm as Se - ' <0.001 mg/1
. G'mmwn .as Cr (mtéi) <0.001  mg/1. - o ‘Siiica as Sio,- g .25.-50 mg/1 - :
Chroviiim as Cr (Hex) <0.001 mg/l . Silver as Ag o 0.032 mgn1
Copper asCu ~ -~ 0.049 mg/1. Sulfat.eaasASO4'.r‘£ ' ©-720.0 “mg/1
Surfactants MBAS . <0.05 mg/1 Sodiwm as Na - 2,475 mg/L - 1
Flooride as F _3.20 ng/l Zincasza 0231 mg/L l_ i
|




. GEOCHEMICAL DATA.

WELL: Union 0il Company of California - ...
Cove Fort Sulphurdale U]’llt #31-33.
Millard- County, Utah ' . '

: Sample Informatlon

"Sodr.ce....’.;..'....;.......Q.._..‘;' ....... . Flowline .

 Collection Date and Time......ise...n.. 7=5-78, 1200 Hrs.
Depth of Well at Time of Collection.... 3720
Temperature Of Sample........oeeeeens -+ 155°F :

- Date-Analysis Begun................ +--. Received by lab 7-11—78
Tarbidity 2000 NTU- : Lithiumz.ais:Lif - C11.62 mg/1
AConductivii;y ; o 12‘!.300 Lﬁhhgs/an, o Total Hérdness as CaCOj i l88.d _mg/1’
pH R ' ©7.94 Units -~ -~ Iﬁon‘aé Fe (Total) B 1i,;oo g/ 1
DS at 180°C 8,000 mg/1 " Iron as Fe (Filtered) = -_8.660 mg/l
~.AD<aiinitj}"as'CaCO3- - V2»lO.;O; mg/l : Lead as.P-b_ ) o 0.345 mgr/l :
" Arsenic as As L 1am ng/L - MagneSium as Mg - 7.68 ‘.mg/l'
Biéa.rbonate as HCO3 .256.2 mg/1l Mangane_sé ‘as Mn S : 0328 mg/l :

>-‘Bfa.riw_r;‘as Ba - 0.165::.‘;_: mg/l o Mercury as;.}_Ig o <0.0002 mg/1
Boron as B i 0.25- mg/l" - . Nickel 'a‘s'I;Ii T - 0.6é8 "mg/l
Cadmium as Cd. . o 0.007 mg/1 - . 'N‘iAtrate as NO3-N ' . - 0.02  4m'g/l'
Calcium as Ca 624 mg/l ‘Nitrite as No;N . <0.01 ng/1
Carbonate as coy . <0.01 mg/1 o APovtt:a;ssium askK . 465.0 m_g/r
Chloride A'as cr . . - 3410 ‘I-Dg/l - ~ Selenium as Se } '<0.001 “:i‘mg/l:'
Chromium as Cr (Total) - 0.048 mg/l - - Silica as s102' R : 64.0--7_ fng/1
Chromitm as:Cr- (Hex) - .<0.001 fg/1 - Silver as Ag - . 0.030 _rﬁg/l--
"Copper as Cu ' Q-077 mg/l ' éulfate: as S04 S l,OOOI mg/1 .- '
"Su;fécténts MBAS B <0.05 -‘mg/l : Sodium as Na ' ‘ -3;9_16___mg/l
Fluworide as F C 2490 mg/l . Zinc'as 7n ) ‘ ‘6..05}1'1@/_1-




GEOCHEMTCAL DATA

'WELL: Union Oil Company of California.

Cove Fort-Sulphurdale Unit #31-=33,
" Millard County, Utah -

‘Sample Information

: deree.;.{.;;;L.;g;;.;:..;i;ﬁ;;f..;..;.Flowllne:
" Collection Date.and Time...v.eeeeeenees 7-7-78, .
Depth of Well at Time of Collection....4170 -
102°F

Temperature of Sample
Date Analy51s Begun

.......

....................

-----------

0600 Hrs

 Turbidity -
. Conductivity -
LpH .

DS at.- 180°c"‘

~Arsau1:asAs
Blcarbonate as HCO3J_

fiBarlwnas Ba

BonxxasB

'~Cahuwnascd
‘}Calc;um»as Ca:»x
_ Carbohate as C63 ;
Chlorlde -as . Cl 5}
*_EChromlum as Cr (Total)
Chromlum as‘C: (Hex).
VComxx'asCt'
| Surfactants MBAS

: Fluorlde as F-

15,380'tmhqs/¢m‘
R '
10,000 mg/1 -
Alkallnlty as CaCO3 ,v"l,44QV‘ ‘
. 5.707
- 658.8
0.47
.50
. 0.045
' 14.404
" 540.0
3,900
1 0.006
u.~<0.0013

" 0.166.

3.60. =

390.0 - NTU

mﬁts

mg/1
mg/1
ma/L
/L
mg/1
na/L
mg/l.v
mg/l
ma/l
Mg/l

mg/1

<0.05

mg/1

m/l -

V‘Iithhm1aeli »
v: Tbtal Hardnessias:CeCO3:'
Iron as.Fe (Total)
Ironbés Fe (Filterea)

Lead 'as Pb. -

Magnesium as Mg

Mangéhese as Mn -

- Mercury. as. Hg
| Nickel as Ni

' Nitrate astO3—N

Nitrite as NO,-N -
Potassium as K

Selenium.asvSe-"

_:Silica as,Siqu,

Silver: as Ag

" “Sulfate as SO4~
" Sodium as Na '

Zinc as Zn- .

o 13.31 mga

20.0 . -mg/1

. 10.600 -

<0loL
443.0 mg/1.

. 0.007 mg/1

1f' 79.0 B |

0.037. °

- 0.041 "

mg/1

mg/l

mg/1

mg/1L

ng/1
0.108 mg/1
0.420 g/l
- ’3.36‘ mg/lj»k
©0.016 ‘mg/1
o;ooo7f*mg/1 .
0.975 mg/l .

L <0.01

mg/l
- 760.0 mg/1

4,000 mg/l’

2



- GEOCHEMICAL DATA

WELL: _Union 0il C‘ompan? of California
: Cove Fort-Sulphurdale Unit #31- 33 .
Millard County,. Utah :

_ Sample Information

Source......... e ...... T Extract through mverted float sub
: s . N . . . into drill. plpe ] .
Collection Date and Time..:.......%..7-20~78. : »
Depth 'of Well at Time of Collection.‘.5221
Temperature of . Sample. ... vvevevsnennar )
Date Analys:Ls Begun..........-. el .7-26—78
| rurbidity . 800w Lithiwnas i . 1.164 “mg/1
Conductivity b, _ ) 2, 035 umhos/cm Total Hardness as CaCO3 266‘.0 mg/1
pH L - 7. 11 Units ~  Tron as Fe (Total) A 2.154‘ mg/1
oS at 180°c © 1,320 nmg/l - Iron as Fe (Filtered) - 1.976 mg/1 o
Alkalinity as Cacoy  200.0 mg/l © lead as Pb . RS o.rb0_6 _mg/1
_Arsenic as As. o 2.991 - mg/1 . Magnesmn as Mg V. : 19.20 . mg/1
' Bicérbonaﬁé as HCO3 244.0° mg/1 : Manganes_e_ as’Mn - 0.043 - mg/1-
' ‘Barlum as Ba i 0.15 mg/l N Mercuryas Hg : ' | <0.0002 mg/l
.Boron as B - : 0.20 mg/L Nickei és Ni - o " .<‘0-001‘ ‘ mg/1 |
Cadmim ascd  0.080 mg/1  Nitraté asnOzN . 045 ngn
' Calciﬁm as Ca .. -‘ o .74-40 mgA/lv ' . Nitrite as NOZ—N_'l : .<0'-Ql 'Amg/l
Carbonate as CO5 ~ . <0.01 | mg/L - . Potassium as K 56.20 mg/1
- Chloride as C1° - 502.0- mg/l' . selenium as se . <0;Oo_l ’mg/i
Chromium as Cr (Total). <0.001 mg/1  Silica as §i0, . - _64.5 mg/l
Chromium. as Cr (Hex) . <0.001 mg/l _ Silver as Ag’ B - <0.001 mg/1
cOpperfas cu- - '_ 0.914 mg/1 - . Sulfate as SO, | - 187.0 "mg/:_L
Surfactants MEAS . <0.05 ™1 Sodium as Na I 355.0 mg/1
:Fluo.lfiderés_»]?-‘"-_ o103 mg/1 . 'lZi_nc_,as Z'n o o 0.104. mg/i




‘h)/ ' el Histdry ' 1;

Union Oul Companv of Calnfomla

&EEE'Q@EE fzgzgtiermal) ' Hot Water

N89 28'W 1092.23 and South 479.21"' from | Cove Fort - Sulphurdale

COMPANY . N .
Union 011 Company of California f'- sec 33 |t 255 R6W M SLM
LEASE WELL NO, . COUNTY . —
| cove Fort Sulphurdale Unlt | 31-33.-| Millard.
- OCATION AREA

the South % corner of- Sectlon 28, TZSS R6W, SLM

6480

[ET EVATION [S'PUD COMP., ABAND, TOTAL DEPTH [PLUG RECOMP,

HOLE DEVIATION

h_T 4 660" maximum p0551b1e

5/24/78 | 7/27/78 | -= 5221' | 2600' ~-

B.H.L.

__CASING_RECORD - " : "WELL" DATA-

. W.5.0., « PERFS. « REMARKS

. | DATE | DEPTH .| ‘ ‘ . _PROGRESS HISTORY
| 5-24-78 Moved in and rigged up Loffland Bros. Co. rig No. 5. e
' Plagedwr;q on.day rate at 1200 hours, 5-24-78. .Mixed .~
[547] mud. . .Drilled rat hole and mouse .hole...Spudded 26" . -
' hole. with.a.26". pilot. hele. opener at 2000 hours.
Center punched hole from 52' to 54'. Laid down hole
opener....Ran.17=1/2" hit. : :
5-25-78 Drilled 17-1/2" hole from 54' to . 79' Repaired mud
: ' .pump.....Drille -1/2" hole from. 79' to. 86"'. Continued
[123°) pump. repairs...Unable.to keep hole. clean with. one.pump.. ...
Drilled.17-1/2" hole to.123'.. Placed. rlg Qn.. repalr.wmwwmwwm“
_ rate...Repaired both mud DUMPS.»
A=26=18 ........|.Continued. mud. pump repairs. . Ran 17—1/2" bit at 2000
. hours,..following. pump.repairs.. . Cleaned. out £ill in.. ... .
[144'] hole. from.103'. to.123' .. . .Drilled 17-1/2" hole from. 123"
to.:144" e : : ) '
5m2.7.~78 Drilled.l7~1/2" hole from.1l44. .. £c 282!
[282'1l.: "
5-28~78 brilled.l7-1/2" hole. from.282' . .to..301! Opened..17=1/2"
hole..£o..26" . hole from 52! to.77! Repaired.mid. pump. ...
[301'] Opened.17-1/2" hole to.26" hole.from 77' to.167".
Repaired..and.rez-dressed 26" hole opener.with new.cutters....

Form 3358 (Rev 6/67)




CFSU 31-33 - '] SR S o , Page:Two.f
‘Well History. : ’ : S , .

~5-29-78 - - Opened 17-1/2" hole to 26" hole from 167' to 289'.
- [301'] . . Circulated hole until clean. Measured drill pipe and .
: ' - tools out of hole. Made 5' correction.- Repaired - . .
‘no. 1 pump... Opened 17-1/2" hole to 26" hole. from
©289' to 295'. Laid down 26" hole opener. '

i - 5-30-78 - . Rigged up and ran 7 joints, 20", 94 1lb. per foot,
: [301'] .. H-40, buttress casing, total 294'. Casing .stopped at
© 28l'. ‘Hung 20" casing with Halliburton Duplex Float:
shoe at 281'. Ran 9 joints, 4-1/2" drill pipe with
Halliburton Duplex mandrel, stabbed into Duplex Float
E shoe. Circulated through float shoe to surface and .
o , . "~ conditioned mud. Halliburton mixed and pumped . 767 £33
K L - class -"B" cement through drill pipe and shoe-with 2%

: CaCly.’ Displaced cement slurry with 12 ft3 mud. Had
good cement returns to surface .during cementing -oper-
ation. Pulled drill pipe out of ‘float .shoe. Cement in
place at 1330 hours. Waited on cement. Placed rig on
repair time from 1600 hours to 2200 hours. ' Cut off
30" casing at. 2200 hours. .

. : ﬂ5—31—78: . Cut off 30" ca51ng, and 20" casing. Welded on 20" — -

© [301'] © 2000 psi rated flange. Installed 20" Double Shaffer ‘
NE , A ‘blow-out preventor and 20" Hydril "GK" blow-out preventor..
6-01-78 - ,Compléted installation of blow—out,preventor.acfoatihg.'
[315'] - lines. 1Installed choke manifold. Tested blind rams

" to 500 psi with water for thirty minutes. Tested Hydril =~
"GK" with water to 500 psi for thirty minutes. Tested
kelley cock ‘to 800 psi. All tests were witnessed and
approved by John Reeves, U.S.G.S. representative. . Ran
17-1/2" bit and drilling assembly. - Drilled cement - .

ST : : R from 272' to casing shoe at 280'. and cement -to 282'.
R P ' S " ‘Cleaned out £ill from 282' to 301'. .Drilled 17-1/2"

' : o " "hole from 301' to 315'. .Plugged bit. Pulled -out of

~hole. “Removed junk from drill collar float. . -

6?02?78. S ARepairéd no. 1 pump. Ran 17- 1/2" bit ‘and.drilling
[507'] -~  assembly with two added, stablllzers.j Drilled. 17-1/2"

A : hole from 315' to 507'. - :

6~03-78 . ‘A'Drilled 17- 1/2" hole from 507' to 674'. - Repositioned
[711']1 .. "shock sub in drilling assembly for better stabilization.

i . Drilled 17-1/2" hole from 674' to 711'. Shock. sub ) S
EE T ' failed, parted in spline: Pulled out_of‘hole.A Top of .~
: ‘ . * fish or'drilling assembly at 662'. Left 17-1/2" bit,
17-1/2" stabilizer, bit sub, .-8" drill collar, and
broken shock sub in hole. - o




.~ CFsU 31-33 =~ L ' -", , - Page Three
" Well History ' , T . N

6-04-78.' ... Ran 11-3/4":overshot with exten51on. Located .and

[844'] " engaged fish, Recovered fish. Made . up drilling assembly
Drilled 17-1/2" hole from 711' to 844' _
6-05-78 Drilled 17-1/2" hole from 844'.to~1040’.
[1040']; - ' ) o ] ‘ . 1 .
6-06-78 .brilled 17-1/2" hole from 1040' to 1236'. Lost circ-
[1241'] : ulation while drilling at 1236'. Drilled without
- returns from 1236' to 1241°'. H;S alarms sounded
-indicating 10 PPM H3S. Pulled out of hole.
6-07-78 - Ran open-end drill pipe to 1230'. Displaced lost
[12417] .-01rcul%tlon-plug rno. 1 through drill pipe as follows:

375 ft class "B" cement with. perlite in a 1:1 ratio,
with 40°~silioa.flour,.3% gel and 0.5% CFR-2. Cement
in place at 1605 hours. . Pulled out of hole. Waited on
“cement 5 hours. Ran drill pipe to 1241', no fill :
located. Pulled drill pipe to 1230'. -Displaced lost
circulation plug no. 2 through drill plpe as follows:
350 ft3 .class "B" cement with perlite in a 1l:1 rat;o,
40% :silica flour, 3% gel and 0.5% CFR-2. Cement in

" 'place at 2050 ‘hours. .Pulled out of hole. Waited on’
"cement. Gas flow stopped for twenty minutes - and slowly
returned at a low flow rate.

6-08-78 -~ Ran drill pipe to 1241', no fill located. Pulled
[1241'T . drill'pipe.t0y1230'. Displaced lost circulation plug
S ‘3 through drill pipe as follows: pumped- 20 bbls - .
'tthk gel mud mixed with lost circulation material ahead -
of 240 ft3 class, "B" cement with perlite in-a 1l:1 ratio
. with 40% silica flour, 3% gel and 0.5% CFR-2. Cement
in place at 1010 hours. Pulled drill pipe to 280'.
No HpS emission from hole, but small amount of methane
gas _emission. - Waited on cement 5 hours. Ran drill
pipe to 1230', no fill located. 'Displaced lost circ-
ulation plug no. 4 as follows: 125 ft3 class "B" - -
cement with perlite in a 1:1 ratio with 40% silica
flour, 3% .gel, 0.5% CFR-2 with 15% lost circulation
material. Cement in place at 1510 hours. Waited on .
cement 5 hours. Ran drill pipe to 1230', no fill
located. Displaced lost circulation plug no. 5 through
drill pipe at 1230' as follows: 225 ft3 ¢lass "B"
cement with perlite in & 1l:1 ratio, 40% silica’ flour,
3% gel, 0.5% CFR-2 and 15% lost .circulation material.
Cement in place at 2145 hours. Waited on cement.

6-09-78 Waited on cement 3 hours. . Ran drill pipe to 1230°',
[1241,1' no fill located. ' Mixed -100 bbls thick gel mud with



CFSU. 31-33

© Well History ff:

6~09-78

6-10-78
11252'1

6-11-78
11257']

, PagefFour-

'Continued——f;—_‘

25% lost circulation materlal and displaced lost
circulation plug no. 6 behind mud and ICM as follows
305 ft3 class. "B" cément with perlite .in a 2:1 ratio-
with 40% 'silica flour and 3% gel. Cement in place at-

1400 hours. Pulled out of hole. Waited on cement

5 hours. Ran drill pipe to-1230', no £fill-located.

Displaced lost circulation plug no-. .7,through'drill'pipe'4f

at 1230' as follows: 305 ft3 class "B" cement.with -
perlite in a 2:1l-ratio with 40% silica flour and 3%
gel.  Cement in place at 1915 hours. . Pulled out of
hole with drill pipe.. Walted on cement. .

"Ran drill,pipe to-1230", no fill located. Pulled

out of hole. Ran 17- 1/2" drilling assembly to 1236'“‘
circulated with returns ‘and cleaned out rocks and
formation fill from 1236' ,to 1241'. Lost returns and
drilled 17-1/2" hole from 1241' to 1252'. .Lost 500 bbls
drilling mud while drilling from 1241' to 1252' at a 20 -

- to 30 ft per hour rate. No evidence of torque, - . -
indicating fractures or running dolomite .in the 11' of

newly drilled hole.  Pulled drilling assembly. Ran
drill pipe to 1230°'. Dlsplaced lost circulation

‘plug no. 8 as follows: 230 £t3 class "B" ceément with

perlite in a 1:1 ratio with 40% silica flour, 3% gel

. and 15% lost circulation material. Cement in place:
at 0830 hours. Waited on cement 5 hours. No £ill

located.  Displaced lost circulation plug no. 9 through
drill pipe at 1230' as follows: 230 ft3 class "B" cement
with perlite in a 1:1 ratio with 40% silica. flour, ;
3% gel .and 20 to 30%. lost circulation material.. "Cement. -
in place.at 1345’ hours. Waited on cement 4 hours

- No £ill from plug Dlsplaced lost circulation plug no. 10

through drill pipe at 1230' as follows: 210 ft3 -class
"B" cement w1th perllte in a 1:1 ratio with 40%

~silica flour, 3% gel, 20% lost circulation materlel and

20% CaCls. Cement in place at 1915 hours. 'Waited on

.cement 4 hours. No fill from plug. Displaced plug

o0.-11 through drill pipe at 1230' as follows: 210 ft3
class "B" cement with perlite in a 1:1 ratio, with 40%°

~ silica flour, 3 % .gel, CaC12 and 20% lost.-circulation

material.. Cement 1n place at 2400 hours

Waited on cement}4 hours. Ran drill pipe to 1230°. 7
No £ill located.  -Displaced lost circulation.plug no. 12
through drill pipe as follows;_ZlOth3 class. "B" cement


http://plug.no

- CFSU 31-33"
Well History

6-11-78

6-12-78
[1257'] -

6-13-78
[1257']

Page Five.

Continued-----

with perlite in a 1:1 ratio with 40% silica flour,

3% gel, 2% CaCl,; and 20% lost circulation material.
Cement .in place at 0530 hours., Pulled out of hole. .
Ran homé-made lumber (2" x 4") float on wire line. to L
locate .fluid level in hole, indicated at 600'+.
Waited on cement 5 hours. Ran drill pipe to 1241',
no fill located. Displaced lost circulation plug no. 13~
through drill pipe as follows: 166 f_t3 HOWCO, Thix-Set.

cement, with 25 lbs Gelsonite per'.sack of cement and . .
. 5 1lbs Flo-Cele per sack of cement, .5 lbs nut plug per -

sack of cement and 2% CaCl,. Cement in place at 1130

.hours. Pulled out of hole. Waited on cement 4 hours.:

Ran drill pipe and located top of cement at 1160°'.
Filled hole with 175 bbls mud. . Ran 17-1/2" drilling
assembly. Drilled cement :from 11607 .to 1236'. - Lost
circulation. . Drilled with no mud returns to surface.
from 1236' to 1257'. .

pulled out of hole. Rag~dri11'pipeito-123o{]f'ois—l,

- placed lost circulation_plug no. 14 through drill
‘pipe as follows: 166 ft- .class "B" cement with 2%
- CaCl,y, 25 lbs Gilsonite per sack of cement, .5 lbs

Flo-Cele per sack of cement and .5 lbs nut plug per
sack of cement. Cement . in place-at 0115 hours. . '
Pulled out of hole. Waited on cement 4 hours. Ran

" drill pipe and located :top of cement at 1236'.: Pulled

drill pipe to 1230'. Dlsplaced lost circulation plug
no. 15 through drill pipe as follows: 210 ft3 class "B""

.cement with perlite in a 1l:1 ratio with 40% silica

flour,- 3% gel -and 0.5% CFR-2. Cement in place at 0715

‘hours. Waited on cement 5. hours. Ran drill pipe to.

1236', No fill up was gained from plug no. 15. Ran

-drill pipe to 1230'. Displaced lost»circul%tion plug .

0. ‘16 through drill pipe as follows: .86 ft~ class "B",
cement with perlite in a 1:1 ratio, 40% silica filour,

© 3% gel and 3%. CaClz.‘ Cement in place at 1400:hours.

Waited on cement.” No fill up from plug no. 1l6. Dis-

placed lost circulation plug no. 17 through drill pipe . . .
~at 1230' as follows: 200 ft-> class "B" cement with: o

perlite in a 1:1 ratio, 40% silica flour, 3% gel and
3% CaCl,.. Cement in place at 2000 hours. Waited on
cement. ‘Pulled.out of hole. : .

::Ran drill plpe to top of cement at 1221'. V.Filled hdle
with mud. Ran-17-1/2" drilling assembly. Drilled firm'



CFSU 31-33

Well History

6-13-78

6-14-78
11276']

6-15-78
[1400')

6-16-78 -
[1529')

6-17-78 -
[1564"']

Page Six -
Continued-~=---~
" cement from l221' to 1247' ' Lost mud returns.at 1247".
Pulled out of hole. Ran drill pipe to 1230'. ‘1Dis—

placed lost circulation Pal glx plug no. 1 through" :
drill pipe as follows: 90 ft- Pal Mix 110-R, displaced -
with 100 £t3 Hy0. Waited 1 hours. No success in - .
filling hole. Dlsplaced additional Pal Mix plug no. 2. -
as follows: 90 ft3 Pal Mix 110- % through drill pipe

at 1230°', dlsplaced with 100 ft Waited 1 hour.

No success in filling hole. Dlsplaced no. 3 Pal Mix
plug ‘as follows: 90 ft3 Pal Mix 110-R, dlsplaced with-

1100 ft3 Hy0. Waited 1 hour. No success in attempting

to fill hole.  Displaced lost circulation plug no. 18
through drill pipe-at 1230' as follows: 125 cubic feet -
Gel-Gilsonite 1:1 ratio high viscosity mixture, followed
by 235 ft° class "B" cement, sand and.perlite, miked

in equal. amounts. Displaced with 67 £t3 Hy0. Cement
in place at 2000 hours. Waited on cement. Pulled

drill pipe. T : :

Ran drill pipe and located top of cement at 1183'.
Filled hole with water. Mixed mud. Pulled drill
pipe. Ran 17-1/2" drilling assembly. Drilled.firm
cement from 1183' to 1257'.: Drilled 17-1/2" hole from
1257' to 1276'. Lost returns to surface at 1274".

- Pulled out of hole. "Ran drill pipe to 1260, Dlsplaced

lost circulation plug no. 19 through drill plpe as
follows: 112 ft° Hy0 with 700 lbs Pal Mix 110-R

(Pal Mix plug no. 4). Waited 1 hour. Pumped 115 ft3
class "B" cement.with sand and perllte ‘in equal amounts.
Displaced with 67 - £33 H20.- Cement in place at 1700
hours.. Pulled out of hole.  Waited on cement 4 hours.
Ran drill pipe.- Located top of cement at 1230'..

Filled hole with mud and mixed mud. Pulled out- of hole;

Ran 17-1/2" drilling assembly. Drllled flrm cement
from 1230' to 1261'. Drilled 17-1/2" hole from 1276"
to 1400°', w1th no fluld loss.

Drllled 17- 1/2" hole from 1400' to 1529'. Lost-60: bbls-
drllllng mud at 1513°'. . : S '

-Drilled 17- 1/2" hole from 1529' ‘to 1564'. Lost 250 bbls mud

while drilling from 1530' to 1564'. Lost circulation com-
pletely at 1564'. Stuck drill pipe and tools. Worked pipe -
and.tools until free. Required 4 hours. P.0O.H. Ran-drill
pipe to 1535'. ‘Displaced lost circulation plug #20 .thru
drill pipe as follows. 95 fit3 Pal Mix 110~R . .
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(Pal Mix plug no. 5) displaced with 120 ft3 H30. -
Waited 30 minutes. Displaced 115 ft3 class "B" .
cement ‘with perlite and sand in equal amounts. - Dis-
placed with 92 ft3 H,0. Cement in place at 1945
hours. Pulled out of hole. Waited on cement.

Ran drill pipe. Located top of cement at 1487'. .
Pulled out of hole. Ran 17-1/2" drilling assembly
Drilled- cement with full returns from 1487' to 1500°',
lost returns. Regained returns after pumping 500 bbls
H50 into hole. Ran tools to 1564' with no restrictions.
Drilled 17-1/2" hole from.1564" to 1623'. Lost 100 bbls

- mud while drilling from. 1564" to 1623'.

6-19-78 -
[1730'] -

6-20-78. .
[1735")]

6-21-78
[1735']

Drilled 17-1/2" hole from 1623' to 1730'. Lost 60 bbls

mud from 1646' to 1656', 200 bbls mud from 1683’ to

1691' and 50 bbls mud from 1696' to 1720°'.

Drilled-l7—l/2" hole from.l730' to 1735' Circulated

and conditioned hole for casing. Lost complete returns.
Pulled out of hole. Mixed mud. Ran drill pipe and
found 2' £ill '‘at 1733'. Unable to £ill hole with E
mud. Hung drill pipe at 1649'. Displaced lost
circulation plug no. 21 through drill pipe as follows:
100 ft3 Pal Mix 110-R (Pal Mix plug no. 6), displaced
with 140 ft3 H,0, followed by 104 ‘ft3 class:"B" cement
with 2% CaCl,y, 25 lbs gilsonite per sack of cement,

.5 1lbs Flo-Cele per sack of cement and .5 -lbs nut

plug per sack of cement. Displaced with 112 ££3. Hy0.

Cement.in place at 1415 hours. Pulled drill pipe to
1229'. Waited_one hour. Displaced lost circulation
no. 22, 104 ft3 class "B" cement with 2% CaCl,, 25 lbs
gilsonite,: .5 1lbs Flo-Cele per sack of cement_and

.5 1bs nut-plug per sack of cement. Cement in place

“at 1630 hours. Waited on-: cement to 2000 hours. 'Ran

drill pipe to 1732'. No fill located. Displaced lost’
circulation plug no. 23 through drill pipe.as follows:
112 ft3 Pal Mix 110-R (Pal Mix plug no. 7), displaced

with 134 £t3 Hy,0.

. Waited 1 hour. Displaced remalnder of lost circulation

plug no. 23 through drill pipe at 1610' as follows:
104 ft3 class "B" cement with perlite in a 1:1 ratio
with 40% silica flour, 3% _gel and 0.5% CFR-2. ' Dis- -~
placed slurry with 112 ft ‘H50. Cement in place at -
0100 hours. Waited on cement. Pulled out of hole.



CFSU 31-33
Well History

6-21-78 .~

6-22-78
[1735'] -

v

pumping last 2 ft3_of dlsplacement H

' Page_Eight:"

Contlnued—-———'

'Ran ‘drill plpe to top of cement at 1638" Filled .

hole -with 230 bbls mud.  Fluid level dropped out of

- -sight after 10 minutes.’ Dlsplaced lost circulation
-~ plug ng. 24 through drill pipe at 1550' as follows:

104 :ft7 Pal Mix 110-R displaced with 128 ft3 Hy0

(Pal Mix plug no. 8), followed after 1 hour by 101 ft37l
' class "B" cement, with perllte in a l:1 ratio with

40% silica flour, 3% gel and 0.5%° CFR-2‘~lesp1aced;

- slurry 'with 112 £t3 H,0. .Cement in place at 1030
" hours. Waited on.cement 4 hours. Ran drill pipe to

1638'." No £111 located. Dlsplaced lost circulation -
plug ng.:25 through drlll pipe at 1580' as follows: - .
145 £t3° class "B" cement, with perlite in a 1l:1 ratio,

. with 40% silica’ flour, 3% gel and 2% CaClj. Displaced -

with 112 ft3 H,0. Had. .mud.-returns to surface whlle
0. :
2

‘Pulled drill'pipe.,'Ran l7—l/2"'dr1111ng assembly,
.Cleaned out (suspected cement stringers). from 1197'

to 1515' Drilled firm cement from 1515' to 1580°'.

" Passed’ through void from 1580' to 1638'. Cleaned .
-out soft cement from 1638' to 1675'. Passed through

void from 1675' to 1735'. ©No fluid loss experienced. -

" Circulated and ‘conditioned mud and hole. Pulled .

drilling assembly. Ran 45 joints 13-3/8" 54.5 1b/ft,

K-55, buttress ca51ng, ‘total length less threads,
'-1734' Landed casing.with Halliburton 13-3/8" float - .
~shoe ‘at 1733', B&W insert .float at 1697' and Halllburton’
MDV" collar at 1115'. Mixed.and pumped 100 ft3. H 20, -

followed by 100 f£t3 H20 .mixed with 70 lbs_FR-20 flush1ng.=

"_agentand gilica flour, followed by 53 ft H20 mixed .
~with 30 £t sodium silicate, followed by 2007 ft3 H,0

through casing shoe at 1733'.  Followed pre-flush with -

‘cement slurry as follows: 795 ft3 class’ "B“'cement
- with perlite in a 1:1 ratio, 3% gel, 40% silica flour

and 0.5% CFR-2, followed by .326 £t3 class "B" cement
with 40% silica flour and 0.5% CFR-2.. Displaced - -
slurries with 1520 ft3 mud. Dpid not bump top cement -
plug on insert float. Cement in place, first stage.
cement job at 2230 hours.  Dropped "DV" cementer -’

“opening-bomb. Opened "DV" at 1115' at '2240. hours.

Circulated mud through "DV", received 392 ft-° cement -
slurry to surface from above "DV".™ , o :
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6-23-78 -Clrculated mud through- "DV" w1th no fluld loss for four
[1735'] hours. Performedssecond stage cement job as follows
o mixed and pumped through "DV" cementer at '1115', 168 ££3
‘H50, followed by 1611 ft3° class "B" cement, with Perlite
in a-1l:1 ratio, with 40% Silica Flour, 3% Gél and 0.5%-
CFR-2, followed w1th "DV" closing ‘and wiper plug; and
_ then 174 bbls mud. Closed "DV" cementer with 1000 psi.. *
'-Released pressure. No indication of bleed back from "DV".
~.C.I.P. at 0445 hours. Had complete and full returns to’
“.surface during ‘stage #1 and partial returns to ‘surface dur—
ing stage #2. .50 ft3 cement slurry estimated to surface
during second stage. ' W.0.C. 4 hours. Removed B.O0.P.
~.Cut off 20" . casing and 13-3/8" casing. Located top of
second stage cement-at 180' in annulus. between 13-3/8"
and 20" casing. Filled annulus to surface with 95 ft3 '
class "B" cement with Perlite in ‘a 1:1 ratio, 40%
Silica Flour,.3% Gel.and 0.5% CFR—Z, all. pumped ‘through

1" pipe,’~Installed 12" - 900 serles S.0.W. casing. head.
6-24-78 .Installed 12" - 900 - Serles Double Shaffer and Hydrll o
{1735"] "GK" B.0.P.'s and _banjo box. Installed choke manifold-:
' and kill and choke lines.  Tested B. 0.P. "pipe rams;

" blind. rams and Hydrll to 1500 psi for 30 mlnutes "Tested
banjo box to 500 psi for.thlrty mlnutes Tested Kelly
"cock to 2000 psi for 15 minutes.. All tests w1tnessed
"and--approved by John Reeves of the U.S.G. S..

6-25-78 - Ran 12-1/4" drilling assembly. Drllled through Halli-
{r1770'1 . burton:"DV" cemeriter’ at 1115' and insert . float:-.at 1697'. .
' Drilled cement from 1697' to 1733'. Drilled_Halliburton'
.13-3/8" float=shoe -at 1733' and cement from 1733' .
. ,1735'_” 'P.0.H. Ran.bit #7 on 12-1/4" drilling. assembly.
" Drilled 12-1/4"-hole from 1735'.to 1770'. - -

6-26-78 - Drilled 12-1/4" hole from 1770" to 1800'. P.O.H.

11902'] Stabilized drilling assembly. Drilled 12-1/4" hole from
1800'"to 1902'. 60 bbl increase in mud volume at 1830'.

6-27-78 ' Drilled:12f1/4"»hole from 1902' to 2015'. Lost all

[2019'] - fluid returns. Drilled 12-1/4" hole without returns to .

surface from-2015' to 2019'., Pumped 400 bbls mud into
- hole. 'Unable to fill hole. Pulled drllllng assembly
out:of hole. ngged up to air drill.

_6—28—78<' Installed Grant rotating. drllllng strlpper.' Ran l2'l/4“‘”

f{2019'] drilling assembly to 2000'. Ran temperature survey (#1)
- after hole stdtic for 12 hours, ‘indicating 210°F.  Pulled

.and- magnafluxed drilling assembly. Contlnued to- install o N
air drllllng equlpment.rz‘, S ) :
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6=29-78 ~  Ran 12-1/4" drilling-assembly to 2019', no obstructions. -
[2322'1 Circulated with 195 psi air pressure through drill pipe.
T No fluid indicated to be in.hole. Injected 200 gpm
H,0 co-mingled with 1200 cfm air. . Partial airsreturns
to surface without fluid or cuttings experienced whilé
drilling 12-1/4" hole from 2019' to 2151'. Had inter-
mittent returns of water and drlll cuttlngs to surface "
from 2151' to 2322°'.

6-30-78 . Drilled 12-1/4" hole from 2322' to 2672'. Had”inter-

©[2672'] mittént fluid returns.to surface with drill cuttings’
.- : while drilling from 2322' to 2350'. No returms to
surface while drilling below 2550'. No fill -on bottom.
7-01-78 . Drilled l2—l/4" hole “from 2672' to 2920, with aerated
~[2920'] . - water. Had intermittent returns by heads‘every'threel

_ to four hours. Shock:sub parted. P.0.H. Shock sub
_mandrel parted, leaving 12-1/4" bit, stabilizer, bit
sub, drill collar stabilizer and shock sub mandrel in

<hole. Top of fish at 2876'. . Made up 1l1- 3/4"’Bowen
overshot ‘fishing tool and ran in hole.

-7-02-78 Worked overshot»over top of fish and engaged mandrel.
‘[2920'1 Circulated with intermittent returns through .the fish
: : with aerated water. Unable to pull fish. Released
from fish and pulled out of hole with fishing tool.
- Installed jars and bumper sub above overshot. Re-
engaged fish' and jarred tools free. Recovered entire
fish. (Jars and bumper sub not. on location for flrst run.)

7-03-78 ' Laid down all tools. Ran in hole w1th 12—~ l/4" drllllng~
[3161'] - assenbly. Reamed ‘12-1/4" hole from 2876"' to 2920°'. :
. Drilled 12-1/4". hole from 2920' to 2940'. P.O. H. and

installed corrosion ring-in drill collars. Drilled -
12-1/4" hole from 2940' to 3161'. Received some .inter-
mittent heads of cold water, 50°F, whlle drllllng from
2920' to 3161'

7-04-78 . Drilled 12-1/4" hole from 3161' to .3348'. Surveyed at
. [3550'] 3250"', 234°F temperature after 80 minutes. Drilled '

) : 12-1/4" hole from 3348' to.3550'. Had intermittent
returns ‘to surface at temperatures ranglng from 50 F to

171°F. _ .
7-05-78 - Drilled 12-1/4" hole from'3550'-to 3728°'. Changed'bit,

[3765'] - Mixed sodium nitrate . for corrosion control. Drilled
: : 12~1/4" hole from- 3728' to 3765'. Corrosion rates
indicated to be severe as indicated by rings, contained”

within the drill collars. Indicated. ratesl— &2 8 #/ft/yr,‘ﬁ Ny

whlle drllllng from 3550' to 3728'“*f~
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7-06-78 . Drilled 12-1/4" hole from 3765' to 3865'. Pulled drill .
- [4070'] .~ pipe and assembly..  Added a jet sub,: changed jet sub ..
. - placements to 379' and 946' above the bit. - R.I.H.
Drilled 12-1/4" hole from 3865' to 4070'. Received .
air/fluid returns.during first 80 minutes following the -
addition .and placement change of jet subs, but no addition-—
-al returns. .- Continuous returns were experienced prior
to adding jet sub, while drilling from 3950' to . 4070'.
Water volume injected with air stream approximates.
'slightly more than that returning to surface.

7-07-78  Drilled 12-1/4" hole from 4070' to 4500'. Water rate
(4500'1° to sump approx1mates 40 bbls/hr. . :

- 7-08-78 . Drllled 12-1/4" hole'from 4500 to 4540'. Attempted to
[4578"'] ‘run directional and temperature survey without success.

Pulled drill string.. Replaced 12-1/4" ‘bit and two -
stabilizers. Changed position of jet subs, now placed
cat 750" and 1140' above the bit. R.I.H. to 4460'. Ran
survey at 4460'. Indicated 14° angle and 282°F tempera- .
ture after 15 hours without injection of aerated water.
Washed ‘and reamed with 12-1/4" -drilling assembly from

- 4465' to 4540'. Stuck drill string at 4530'. Worked

- . . tools free after two hours. Drilled 12-1/4" hole from
' "~ 4540' to-4578'. o

7-09-78 -~ .Drilled 12-1/4" hole from 4578' to 4636'. Pulled drill
[4794'] string to reposition jet subs to improve fluid returns.
' C Placed jet subs at 385'-and 950' above the bit. Ran .
. drilling assembly to 4494'. - Cleaned out fill while
. pumping aerated water from 4494' to 4636'. . Drilled 12-1/4" :
‘hole from 4636' to 4794'. Had very fast drilling from '
4782 to 4794'. .Hole cleanlng 1mp0551b1e with recurring
£i1l from 4782' to.4794'.  One air compressor failed.

7-10-78 -- ~ Removed drill pipe. string float. Ran #2 temp. survey at 4700'
- [4826'] indicated to be 292°F.after 2 hours without injection. Ran
: “#3"temp.” survey at 4675' after .5 hours static, indicating .
' 292°F. Ran #4 temp. survey at 4675', 10- -1/2 hours static,
- indicated 292°F. Ran temp. survey #5 after 18 hours’ _
static at 4735', indicated 292°F. Repaired air compressor
-P.O0.H. Levelled derrlck Removed jet subs from drllllng'

assembly. . -
7-11-78  ~ Ran 12- -1/4" drllllng assembly Washed out fill from

-[4882"']+ ~  4800' to 4826'. Drilled 12-1/4" hole from 4826' to "
' : . 4882', while pumping only water through bit. . No fluid.
returns to surface. A possible formation. change was :
indicated at 4853' and one foot voids at 4852' and 4858'.
P.O/H. Placed. jet subs in drilling assembly, 385' and
950" -above bit. R.I.H. Cleaned out fill from 4785' -
to 4847' with aerated water. Unable to keep hole clean ..°
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R o from 4832' to 4847'. ©No fluid returns to surface.
: : ' - Pulled assembly up 315' and attempted to circulate
. with air only. Fluid flowed back through drill plpe,
100% water,. for 25 minutes, 1nd1cat1ng a fluld level
P, 0 H. Removed jet subs.

7-12-78 - Ran 12-= 1/4" drilling assembly to top of flll at 4785‘
[5009'] Cleaned out fill from 4785' to 4882" while pumping
. . only water through bit, with no returns  to surface. .

Drilled 12-1/4" hole from 4882"' to 4958°'. ‘Pulled bit to '

4785'. Replenished water supply. R.I.H. to 4890'. -
Cleaned out £ill, pumping water, from 4890' to 4950'.
Stuck pipe and tools. Worked. pipe and tools free after
; .~ 90 minutes. Cleaned out to 4958'. Drilled 12-1/4"
g o S - hole from 4958' to 5009' while pumping only water -
B through bit, with no returns to surface. -Pulled drill

; ' string to 4270'. Waited on water trucks to replenish -
: . supply. ‘ . :
A R (7-13=78 - - - R.I.H. to 4910', with drilling asseﬁbly. Pumped water
. y [[5009'] .down drill pipe and washed to 4950". Mixed and -pumped

- a modified formation consolidation treatment through
the 12-1/4" bit at 4930' as follows: 76 bbls sodium
silicate - calcium chloride solution. Pulled bit to
.4785',  Pumped- an additional, 76 bbls, modified forma-

~ tion ¢onsolidation treatment through the 12-1/4" blt,

" consisting of sodium silicate and calc1um ‘chléride .
solution. ' P.O.H. Ran drill pipe-to 4926' and displaced

o . lost circulation plug #26 through ‘the drill pipe as

I o - follows: 112 ft3, class "B" cement with Perlite mixed

: B " in a 1l:1 ratio, with 40% Silica Flour, 3% Gel and 0.5% - ..

i : . CFR-2. Displaced slurry with. 381 ft3 H20.- Pulled drill

Ce : . . pipe to 4170' .

. 7-14-78 . - Waited two hours. Lovated top of cement plug at 4840'
- 15009"] | with drill pipe. Displaced lost circulation plug#27
R " through drill pipe hung at 4833', as follows: 125 ft3
class "B" cement with Perlite in a 1:1 ratio with 40% .
Silica Flour, 3% Gel .and 0.5% CFR-2.. Displaced slurry
with 369  ££3 H,0. C.I.P. at 0300 hours.  Pulled drill .
pipe to 4475". Waited five hours. Ran drill pipe to -

I " obstruction at 4753'. 'P.0.H. R.I.H. with 12-1/4"
T .7 % drilling assembly. Drilled firm cement at 2100 ‘hours, -
o . - oo with aerated water from 4770'.-to 4790'. Encountered

"a void with no cement from 4790' to 4805', firm cement

. from 4805 to 4830' and cement. stringers from 4830' - =
- to 4900':" Firm cement was drilled from 4900' to.4926'-.

' and a void to: fill. from 4926' to 4935'. Cleaned' out.
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£ill from 4935' to 5009°'. No fluid returns “to surface

while. drllllng and/or cleanlng out.v:

;Drllled 12-1/4™ hole whlle 1nject1ng water. w1th both mud

pumps, from 5009' to 5015', with no fluid returns to the,
surface. Had fill on bottom 4979' to 5009'. P.O.H.
with drilling assembly. .R.I.H.  with Christensen 8-3/4"

"X 6-3/4" diamond core barrel to 4985'. Washed through

fill from 4985' to 5015', Cored from 5015' to 5018°'.
Core barrel jammed. Pulled core“barrel. o :

Recovered 8" of hlghly fractured dolomlte from core
barrel, Core- #1.. Re-ran core barrel. - Washed through
f£i11 from 5003' to 5018'. ‘Cut Core #2 from 5018' ‘to
5021',. P.O.H. No recovery. .Ran 12-1/4" drilling
assembly. - Reamed. core run from 4985' to 5021'.- Drllled
12-1/4" hole from 5021" +o 5068' while pumping- water '
through drill plpe with no returns to .surface. -

Drllled l2 -1/4" hole. from 5068' to 5121' while pumping |
water through drill pipe with no returns to surface until:

. water supply temporarily exhausted. Pulled bit.to 1720'.

Four trucks continued to haul water. Ran bit to-obstruc-
tion at 5040'.. Ran. #6 temperature and deviation survey
at 5035', indicating a 13°15' angle and a 249°F tempera-'

- ture after ‘19- 1/2 hours w1th no fluid 1n3ectlon.

Pumped water down drill pipe:. Washed with 12—1/4"'

drilling assembly through £ill from 5040' to 5121'.

Drilled 12-1/4" hole from 5121' to 5221' with no returns.
P.O.H. A Ran  Schlumberger Temperature Log from surface to
4858', tool stopped.- Maximum temperature. indicated '
was 342°F suspected to be malfunctioning as maximum
reading . thermometers only indicated 279°F and 281°F

.Ran Schlumberger Dipmeter and four arm Caliper from"~

5207' to 1735'. Maximum recording thermometers indicated

" 276°F, 279°F and 282°F. Formations were  indicated from

logs as follows: Pennsylvanian Dolomite; surface to

- 2770"; Triassic'Redbeds, 2770" to 4782'; Permian Dolo-

mite, 4782' to 5221°.

Ran Schlumberger DIL~-8 Log from 5207' to 1735', with
maximum reading thermometers indicating 282°%F, 281°F
and 276°F. Ran Schlumberger CNL-FDC Log from 5206

to 1735' and a repeat log section from 2000' to .1735'. :
Three Maximum reading thermometers indicated 278°F. -Re- -

. ran Schlumberger Temperature  Log with replacement read-- L
‘out panel that indicated a malfunctlon of the #l or first
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temperature log run and corresponded to the maximum .

.reading. thermometers.- Rigged down Schlumberger: equlp—f-‘

ment. - ngged up Geotex equlpment Ran temperature -
log, corresponded to other témperature logs, plus

_spinner, water aquifer .and radioactive tracer surveys. - o
Rigged -down Geotex. Logs indicated crossflow of fluid up -

and down, leaving the wellbore. Ran drill pipe to

"5009'. Displaced a cement abandonment plug $#28. through

drill plpe as follows: 312 ft3 class "B" cement with
Perlite in a 1l:1 ratio with 40% Silica Flour, 3% Gel
and 0.5% CFR-2. Displaced slurry with 364 cu. ft HZO
C.I.P. at 2000 ‘hours. ‘No fill from plug #28..

" Pulled drill pipe to’ 5009‘ Dlsplaced cement abandon—f

ment plug: 429 through drill pipe as follows: 139 ft3
class "B" cement with Perlite in a 1:1 ratio, with 40%
Silica Flour, 3% Gel, 0.5% CFR-2 and 50# cedar pulp.
Displaced slurry with 364 ft3’ H,0. C.I.P. at- 0100 hours.

W.0.C. No £ill from plug #29. “Displaced cement abandon-

ment plug #30 through drill pipe at 5009' as ‘follows:-

162 ft3 class "B" cement with Perlite in a 1l:1 ratio,

40% Silica Flour, 3% Gel, 0.5% CFR-2 and 50%# cedar pulp.

~Displaced slurry with 350 ft3:'H,0. C.I.P. at 0700 ‘hours.

Pulled drill pipe to 4350'. W.0.C. Pumped modified
formation consolidation treatment through drill pipe at

.5009' consisting of sodium silicate and calcium chloride,

followed by cement abandonment plug #31 as follows:

162 :ft3 class "B" cement with Perlite, 40% Silica Flour,
3% Gel; and®0.5% CFR=2. Displaced slurry with 300 f£3
H,0. C.I.P. at 1445 hours. Plugged bottom joint of
drlll pipe:to make sample catcher with jet sub 90' above
bottom. Ran drill pipe to 3000'. P.O.H.. Recovered
90' of produced fluid. Removed jet sub-and plug. Ran
drill pipe to 5009'.. No cement plug £ill up.  Displaced

.200 bbls lost circulation material ahead of plug #32.

and displaced cement slurry through drill pipe at

5009' as follows: 187 ft3 class "B" cement with Perllte
in a 1:1 ratio with 40% Silica Flour, 3% Gel and 0.5%
CFR-2, Displaced slurry with 300 fté . C.I.P. at
2400 hours. o

Pulled drill.pipe to 1700',> W.0.C., Ran drill pipe. to

- 5009'. No fill from plug #32. Displaced 100. bbls gel -
~and lost circulation material through drill pipe, follow-
‘ed by cement abandonment plug #33 , as follows: '
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162 ft3 class. "B" cement with Perlite in a 1:1 ratio,
40% .Silica Flour, 39 Gel ‘and 0.5% CFR-2. Displaced
sluiry with 310 ££3 H,0. C.I.P. at 0945 hours. P.O.H.
Ran 12-1/4" drilling assembly to6 5011'. No cement fill
up from plug #32. P.O.H. Ran Halliburton 13-3/8"

EZSV plug to 1608' on drill pipe. Plug stuck. Released
from plug. P.O.H. : S .

7-22-78 Ran.12-1/4" drillihg assembly. Drilled and pushed plug
[5221' TD] down the hole from 1608' to 4947'. P.O.H. Ran drill
- v pipe -to 4935°', Displaced cement lost circulation plug

#34, through-drill pipe as follows: 84. £t3 class "B
cement with 154 Gilsonite per sack of cement and .25# "
Flo-Cele per sack of cement. - Displaced .slurry: with -
R - . 397 £t3 H,0, C.I.P. at 1445 hours. P.O.H. Waited
R four hours. " Ran drill pipe to 4937', located top of cement
B ’ o plug#34. Displaced cement abandonment plug .#35 through
; : : : 'drill pipe at 4935' as follows: 82 ft3 class "B" cement
i - with 15# Gilsonite per sack cement and .25% Flo-Cele
' i : ‘per ‘sack of cement. - Displaced slurry with 385 £t£3. H,0.
o ; : » 'C.I.P. at 1930 hours. P.0.H. R.I.H. with Halllburton
RE - -+ . 13-3/8" EZSV plug #2 on drill pipe. .

Y

A4 7-23-78 . "Set 13-3/8" EZSV. at 4750'. Dlsplaced cement’ abandonment plug
S [5221'" TD]  #36 through drill pipe at 4735' as follows: - 86 ft3 B
¥ 2 class "B" cement with 15# Gilsonite per sack and 254"
: Flo-Cele per 'sack. Displaced slurry with 352 ft3 HZO’
{ C.I.P. at 0145 hours. P.O.H. W.0.C. Ran drill pipe to
i : bridge plug, no cement f£ill. Displaced cement abandonment
: plug #37 through drill pipe at 4742' as follows: 150 ft3 '
R : _ class "B" cement, with Perlite in a 1l:1 ratio, 40% Silica
oo ‘ o Flour, 3% Gel-and -0.5% CFR-2. Displaced slurry with
L “ 355 ft3 H,0. C.I.P. at 0900 hours. P.O.H. Waited four
ST ' o hours. . Ran drill pipe to -top of plug at 4750', no cement -
: : ' ' £ill, plug #37. Repaired Halliburton eguipment.

7-24-78 Displaced cement abandonment plug #38 through drill pipe -

[5221"' TD] at 4745' as follows: 221 ft3 class "B" cement with Per- -
lite in a 2:1 ratio, 40% Silica Flour, and 3% Gel. Dis-.
placed slurry with 347 ft3 H,0. C.I.P. at 0100 hours.
P.0.H. No cement fill from plug #38. Displaced cement
abandonment plug #39 through drill pipe at 4745' as

i , follows: 71 ft3 class "B" cement with 15# Gilsonite

i S per sack of cement and .25# Flo-Cele per sack of cement.

Displaced slurry with 340 ft3 H,0. C.I.P. at 0845 hours. .

Waited;four hours. Ran ‘drill pipe to 4728' top.of ° -

cement. P.O.H. Ran Halliburton 13-3/8" EZSV plug #3




_CFSU 31-33

Well History:

7-24-78 .

7—25578 .
{5221 TD]

7-26-78""
[2600'
Plug back
depth] -

- 7-27-78
[2600' PBD]

Page Sixteen - .

Continued —

-and set at 2750°. Pumped cement plug #40, for abandon-
‘ment of lower zone, through drill pipe as follows:

157 ft3 class' "B"™ cement with Perlite in a .2:1. ratlo,

40% Silica Flour and 3% Gel, followed by 218 ft

class vgh cement with Perlite in a 1:1 ratio, 40% Silica
Flour, 3% Gel and 0.5% CFR-2 pumped through and below ..
EZSV plug. Displaced slurry with 230 ft3 H 0. Pulled.
setting ‘tool .out of 13-3/8" EZSV to 2740'. “Displaced
cement abandonment plug #41 through drill pipe as follows:
62 ft3 class "B" cement with 40% Silica Flour, 3% Gel
and 0.5% CFR-2. Displaced slurry with 202 ft3 Hy0.
C.I.P. at 1800 hours. Laid down- 62 joints of drill pipe.

Ran-drill pipe to 2750', top of EZSV, no cement £il11.

'Dlsplaced cement lower zone abandonment plug #42 through

drill pipe at 2740' as follows: 75 ft3 class "B" cement
with 40% Silica Flour, 3% Gel and 0.5% CFR-2. Dlsplaced
slurry with 200 ft3 H2O. :Cc.I.P. at 0100 hours. -'P.0O.H,

Ran drill pipe and lofated obstruction at 2574'. P.O.H. '

Ran 12-1/4" bit and drilling assembly. Drilled cement

- from 2574' to 2745'. - P.0.H. Pushed Halliburton.13-=3/8"
~rubber casing wiper plug to 1775'" with drill pipe.
"P,O.H. Ran 12-1/4" drllllng assembly and pushed- wiper

plug to 2745'. P.O.H. Ran drill pipe to 2745'. Dis-~-
placed cement plug #43 through drill pipe at 2745' as

‘follows: 164 ft3 class "B" cement with Perlite in a 1:1

ratio, 40% Silica Flour, 3% Gel and 0.5% CFR-2. Dis-
placed slurry with 112 ft3 H,0. C.I.P. at 2130 hours.

‘P.O.H.

Ran drill pipe and locatedltop of cement-atJZSSZ*.. P.O.H. |
Ran 12-1/4" drilling assembly to firm cement at 2552'. '
Drilled firm cement to 2600'. Laid down 88 jOlntS drlll

pipe and drill collars. Disassembled B.O.P. 's and.

iallled equlpment.

Contlnued to dlsassemble B.O. P. S. Installed'lZ" 900'
series x 6" 900 series tubing landing head. Ran 85

- joints .2-7/8" EUE 8RD thread tubing. - Bottom joint of

tubing orange peeled to a point with a .75" hole.
Slotted tubing for. fluid entry at 3°' intervals. . Slot

‘size ‘approximates 4" .in length by .75" in width. Landed

tubing on donut-pack:off hanger in 6"-900 series tubing.

head. 21" below RKB at 2579.53'. Released Loffland Bros.'

Company r1g #57at 1800 hours, 7/27/78."
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RKB to Cellar Floor - = 24.00'

- ’ - RKB to Ground Level - = 20.00'
CFSU. 31-33 | "RKB.to 12" Casing Head =. 22.50"
CASING DETAIL
oNo. . . o o . . LENGTH . BOTTOM .  TOP
JTS. ~ DESCRIPTION . = = ' . " FEET - _FEET -  FEET
30" CASING
1 30" 3/8" Wall H-40 Casing S 27.%0 52.00  Cellar Floor
1
20" CASING -
. 20" HOWCO Duplex Float Shoe - - - 7 2,10 - 280.00 - 277.90
7 "20", 94#/ft H-40 Buttress. Casing .289.90 - 277.90 - -0-
7 Total: .- . ©292.00
' - Landed Above Zero or KB : 12.00
280.00
13—3/8" CASING
13- 3/8" HOWCO Float shoe © .- 2.05  1733.00 - -1730.95°
.16  13-3/8", 54.50#/ft K~55 Buttress Ca51ng 614.85 1730.95 .7 1116.10
"13-3/8" HOWCO "DV" Cementer © . 3.35 - 71116.10° 2.75
29 - 13-3/8", 54.50#/ft K-55 Buttress Casing  1112.95 - 1112.75 0-
45 Total: " 1733.20
- Landed Above Zero or KB. ~ - .20 .
. , ‘ 1733.00 -
. Cut Off RKB to CasingAHead ) . 23.00
12" - 900 Ca31ng Head to Shoe ’ 1710.00
2- 7/8" TUBING
1 S 2- 7/8" EUE 8RD Tublng with Slots and =~ 29.42 - .  2579.53 2550.11
: o Bullnose'w1th 3/4" Hole _ ’ . . -
- 84 2-7/8" EUE 8RD K-55 Tubing . L 2529.11 2550.11 - -0~
8s . Total: - 2558.53 .

" Landed in Tubing Hanger Below . ’ 21.00
‘Zero or KB -

Tublng Head to Bottom. of Slotted 2579.53
Joint
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Cove Fort Sulphurdale Unit Well #31-33

- DEVIATION SURVEYS -

MEASURED. ~ DRIFT TRUE MAXIMUM POSSIBLE - . MA%?ﬁgﬁﬁggggiﬁG'
DEPTH ‘ ANGLE : VERTICAL »DEPTH - COURSE, DEVIATION - THERMOMETER
‘140" 0°30" -139.99" ' 1.22°" —-

- 262" © 0°45" 161.99" 2.82° 103°F
445" 1015 - 444,04 6.81" 108°F
608" - 1°45" '607.86"' 11.79°' 118°F
733" 1°00" $732.85" 13.97' 120°F
899" 1°45" 898.77' 19.04' - 139°F

987! 1°00" 986.75"' 20.58' 138°F

1080" 1°30°' 1079.72! 23.01' 150°F

1332! 5°00°" 1330.76" . 44.97" 122°F

1400 4°30" 1398.55" 50.31" 118°F

1587" 4°30" 1584.98" 64.98" S

1800 5°45" 1796.91' 86.32" -—

1945 4°45"" 1941.41" 98.33" . 133°F

2354 . 6°00" 2348.17" 141.08" 138°F

2731" 6°00" 2723.10" '180.49"' -

3250°' 8°00" 3237.05'" 252.72" . 234°F

3625 19945 3606.64' " . 315.225 260°F

4090°' 10°15" . 14064.21" 398.97" 280,290, 325°F

4440" 13°30 4404.54" 480.67" ' 283°F

5035' 13°15" 4983.70"  617.05° 249°F -

13°15" 659.68" -—

*%5221'T.D.

5164.75'

**No survey was.taken at totalvdepth of 5221' so the
13°15' was used to extrapolate to total depth.

previous drift angle of



' COVE FORT SULPHURDALE UNIT #31-33

" FISHING OPERATIONS . -

- Qverview

7It was necessary to carry out flshlng operatlons tw1ce durlng
the drllllng of CFSU #31- 33. Both 1nstances were - caused by a
_parted shock eub-; InAboth3cases the_flsh,was-retrleved w1th~”"

out difficulty.

Fishing Job #1

©. Well Depth: ' 711'
‘Date:  6/03/78
Cause:g Parted<ShockﬁSub -

vResults:e,Fish~RecoVered_with;anvaershotiﬁf

*Whlle drllllng l7 1/2“ hole through ande31te at 7ll‘ the@shOCK,'
'sub falled, partlng in the- spllne., The top of the flsh was
located at 662' " The fish con51sted of a 17=1/2" blt 17 1/2"

stabxllzer,.bltfsub,-S" drlll collar and_the lcwer portlon‘of ;fm:”

the shock sub. Zﬁn‘1l~3/4ﬁ_qvershot]fiehing tool-with'an=extehsibn'tv‘7

"wasirun’and-engaged and recovered the: fish 'on the first try.




Well Depth: 2920°

.Fishing Job #2-

Date: 7/01/78
Causev Parted Shock Sub

Résults: Fish Recovered with an Overshot’

“While drilling l2—l/4ﬁ_hole through siltstone‘and~sandstone

at 2920'@ the shock sdb failed; parting'atrthe mandrel. fThee
top of the flsh was. located at 2876"', and- 1t con31sted of

a l2- 1/4“ blt 12 1/4“ stablllzer, blt sub, drlll collar stabiliz-
er, and the shock sub mandrel. An 11—3/4“ Bowen overshot flsh-

ing tool was .run in the *hole,: and engaged with the mandrel.

"It was not possible”to pﬁll,out the fish after circulating

through-it with aerated watér and intermittént returns to the

surface. The tool was disengaged from the'fish, and;pulled out

of the hole. 'Jars and a bumper sdb~hadfreachedvthe location

since going into the hole with the fishing_tool'the first time.

These»tools,were'installed-above the overshot, and thenithe

vassembly was run back into the hole. The fish was re- engaged

and jarred free,_recoverlng the entire flSh ‘ S -
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S - ' COVE FORT - SULPHURDALE $31-33

- LOGGING DATA (*)

S ' : ' © TOTAL -
DATE TYPE OF LOG RUN . . LOGGED INTERVAL - DEPTH

Schlumberger

<
]

- 7/18/78 "Temperature Log (malfunctlon
’ suSpected)
 [two: maximum readlng thermo--
meters run 31multaneously]

4858' - 4858"

Dipmeter. and Four Arm Callper 5207' - 1735Y 5207
[three maximum readlng thermo~ : o
nmeters run 51multaneously]

o ' 7/1%/78. «Dual;Inductlon - Laterolog»~ - 5207' - 1735 5207
E o [three maximum reading thermo-~ - =~ : P
; : . fmeters run simultaneously]- 4
L : : " - .Conmpensated Neutron . - Formatlon 5206' - 1735' - 5206°'.
i : : : Density SR o
I i - [three maximum reading thermo~
] - : : meters run simultaneously]

Température Log. = . 0' - 4858'  4858"

"Geotex e

7/19/78"ﬁTemperature, Spinnér and Water1 0' - 4858% ~ 4858'
S Aqulfer Log - : S ) .

Radioactive Tracer and Splnner 3’  '0"';4858!; “ 4858
Log . o

R. F. Smith Corporation

5/24/78 Geothermal Data Log (includes 52' - 5221% - 5221'.
' E - engineering data related to - o s
to ~drilling, geologlcal, and other
' data) ,

7/24/78

(*) Copies of all these logs will be- supplled w1th the Technlcal
© Report.




L e S A
i R .+ " " COVE FORT - SULPHURDALE,#31-33”
- MAXTIMUM READING ‘THERMOMETER TEMPERATURE SURVEYS
0 ' ~ TIME 'SINCE - .- THERMOMETER - o
: : ' DATE FLUID INJECTION - READING : DEPTH
1 6/28/78 .- 12 hours o 210°F .. 2000
7710778 2 pours’ 294°F% 47007t
- 5 hours. D 294°FE o000
.10% hours- | - _ - 293°Ft . - 4700'%
; 18 hours = - 293°FL. 1 490014 -
i T/17/78: 1 19% hours . . .249°F. 5035"
NOTE: Maximum reading thermometer temperature .mea'suremeh'ts
J' ' '~ run in Conjection with deviation Surveys-are listed
with the deviation Surveys in the Weljl History section
o of thi‘s.re'port;'.
;f .
B
i
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COVE FORTVSULPHURDALE UNIT #31-33

CEMENTING OPERATIONS. .

Introduction

Two major klnds of cementlng operatlons were carrled out durlng

Z"ﬁthe drllllng of CFSU #31- 33. he~f1rstwtype of operatlon 1n-A

volved attempts to seal off 1ost c1rculatlon zones to enable :
ca51ng to. be set and competently cementedr and the - abandonment
' ofwthegwell._.Thersecondrtype of_operatlon was the:cementlng of

the ZOﬁtand(l3é3/8? casing strings..

.A%total‘of‘7440fft3wofsceﬁentfwas3mixed; pumped’and set'inf43
separate picgs whilevattempting to élug loSt circulation sones.
AThese'efforts.OCcﬁpied approximately Zl‘days of rig time;'andv
accounted for a total cost of approx1mately $320 000 - TheSe'il_

efforts are; dlscussed below.«

The cementlng of the 20" and 13- 3/8" casing strlngs requlred
an addltlonal 3594 £t3. cement. These efforts are descrlbed in-

a separate ‘section below.

Lost_Circulation'Control’Efforts ‘

A significant amount of'effort;wasfreQuiréd~in'attempting to
plug loSt cirCulatiohEZones-prior to. running-the 13—3/8" casing.
- These efforts were. necessary in order to ensure that the 17~ /2"

sx 13~3/8“ annulus would contaln a column ~F ~A~‘"‘




to.the formatioh; In the lower part ofvthe hole efforts were
almed at- plugglng it back to 2600' (abandonmentrof,the-lower,;
' sectlon) Table 1 presents a. comprehen51ve descrlptlon of all
cement operatlons carrled out. whlle attemptlng ‘to control lost:
‘c1rculatlon in. CFSU #31-33. .Table‘2gpresents-a summary.and .

‘_descrlptlon of cement addltlves used.on CFSU #31-33.

 Cemeﬁt}of'A?itciaSsificatioﬁ;‘“Class B", wss employed rn all but
V’one ihstance. This Portland cement is’ 1ntended for use from |
‘_surfacefto a;depth of- 6000"' when condltlons"requlre‘moderate e
todhigh%Sulfatevresistance;:“6ne‘cement°pluglk#i3) uSed7Hslli¥*"
4burtoh Thixéset;Cement.:hThis cement;fOrms a thixotroéic‘siurry,l
.Which“iS’desighedvto raoidly develop'hiéh'viscosity and.gei
:strenéth When in-a static state.‘ These properties make the
cement partlcularly sulted for plugglng the hlghly fractured or
vugular ‘zones encountered in CFSU #31 33 »However, great carer‘
- is required in order~to preyent;cementlng_the drill'pipevintoffr

the>hole;j

Eight ﬁlugs%of*avpatented-Water/oolymer lost circulation com-
pound were'also used.with:limited success.while attemptingbto E
control the lost c1rculat10n condltlon.‘ This'comﬁound,fPal"
Mix 110 R 'lS,éVSPEClally processed_materia1;Which

remarns a nonviscous_slurry'for'about-45_minuteswafter"mixing}

and’thenfsets‘ihtofe tough plastic plug.:

Table 3 summarizes cementing operations associated with running

= o Mlaa I o S e ry == =




éemeht poured between the 30" casing and the hdle Wall.pfior 

to the start ofAdrilling operations.

The-26"‘casing_was-sﬁcéessfdlly'cemented fhrough drill pipe
engaged with-theAZQf_duplex caSihg float shoé to reduce the
{iv?lgmé offpément*fequired;falloQing additional éément to be
éadéd. Thé:13;3/8“ casing WAS successfully cemented in two
stages to reduce fﬁe.hydrOStatiC'head-or preSSurenon the
bformation:allowing th¢ first:stage”to ?artially set‘and,éupport
the weight,of,the seqond~s£a§é theﬁeby reducing'thé‘éhance;of
fluid 1bss.t6 the ermation. ‘WhileAWAiting'on‘cement afﬁer

the second stage«cementation; thetcemént level in the 13-3/8" x
20"_annulus fell\lSQ'._ This annulus was filled-with ceﬁent

| using;lf_pipé-inserted“into‘thé void.



DATE SITUATLION TNUT L1 same———

. 0
. / Y
: 0
5009 562 ICM plug :
. 7/21/78 >221 163 cement class "B" 1:1 40% 3% 0.5% -
33 - No cement fill at 5011'. Attempted to set Halliburton EZSV plug #1. P
310 water B { hed 4947
' 15 .0 pushed to ‘. .
N 0.25
. ' 4935 84 cement class "B" 4 hrs -
7/22/78 ' 34 397 water 0.25 . 15 0 4937 - Theoretical bottom of cement = 5039°'.
\ 82 cement class "B" , : -
35 4937 4935 2ne wator ] - - Set Halliburton EZSV plug #2 at 4750 following cement plug #35.
15 0 .
° [1] L1} 0-25
4735 86 cement class "B . _ 0 | |
7/23/78 36 352 water : 0 - - No fill at bridge plug.
4742 150 cement class "B" 1:1 40% 3% 0.5% 4 hrs . '
37 355 water : - : >55% No fill at bridge plug.
, 0 )
38 4745 221 cement class “B" ~ 2:1 40% 3% f 0 , ,
7/24/78 . 347 water : 0.25 15 0 - - No fill at bridge plug.
' 71 : cement class "B" ; 4 hrs A
39 4745 340 water 103 1a } 0 4728 75% Set Halliburton EZSV plug #3 at 2750'.
t “class "B" 2:1 , 0 | ‘
728 {through  }157 cemen i ; 58
4 ’ { EZSV olug}218 cement class "B 1:1 40% 3% 0
i { at 2750 } 0 ' . , ‘
230 water 103 1% 0.5% 0 Pulled setting tool out of EZSV plug #3 to 2740°‘.
62 cement class "B" % . o
al 2740 202 water - No fill at top of EZSV plug #3 at 2750°.
: 0
N % 0.5% ‘
2740 75 cement class "B 40% 3 - . . .
7/25/78 42 ’ 200 water 11 0% 35 0.5 0 2574 ' - (Capacity of drill pipe = 219 ft3. Drilled out cement from 2574' to 2745'.
. £ class "B" . * 3 hrs ’
2745 2745 164 cemen
43 112 water

of cement drilied - 140 ft?.
2552 4% Drilled out firm cement from 2552' to 2600'.




PLUG OPEN HOLE OEDP @, VuLUrL

CEMBENL pire o ' : -
iy Fr3 MATERIAL . — , | o | o
ION NO. FT. - : B ' § 25 0
. DATE SITUAT . S o 1iom ' 0.5 0.5 2% 0
173 Pal Mix - S _ .
X 3 : 100 1l hr Did not attempt to
6/20/78 Lost circulation 1649 20 - water : i . 0.5 o% 25 1 hes not located 100 P locate cement.
Polymer Plug #6 1l i class 0. B ‘ »
104 cement : , , B 0
21 112 water class "B" ‘ . 1 hr
cement :
1229 104 . 110R _ , | |
22 112 Pal Mix ' ' 0 Theoretical top of : .
#7 1732 134 ~water - 40% ' 3% 0.5% - 1638 - Filled hole w?th 123T92t3on1y, with no loss = 1672'. Implies 57 ft3 water
Polymer Plug , . wg 1:1 _ . . o { Theoretioal ! ft mui. Theoretical volume to fill hole from 1l638"
. class ' { cal volume to fill 4%" drill pipe from surface LI T Fe3
’3 : 1610 104 :i:iit é hr out of sight after 10 minutes. to 16387 = 131 feJ.
112 _ : o
6/21/78 : 1550 104 pal Mix 110R _ . 0% ° 3% 9.5% 4 hrs not located at 1638 ‘
' yme 48" ’ ‘ 128 - water ss "B" ) S 0 ' Mud returns to £ ng ! 3 .
l ' Pol ¥ Plug ¥ g 101 ‘ cement cla 40% 3% 0.5% 2% ! - 1515 A ' 0% { surface to lSBg?r-a§§6d;i;pg(;i5t o ftt ;f displacenent water. Capacity ¢
Lo wge 1:1 , ' . - . = . Firm cement from 1515' to 1580°'.
SR - 24 112 :Z;Z§t class "B ce T , g ' ' _ ‘ = 108 ft3. Soft cement from:1638' to 1675'. No fluid loss exp::::;zzgcalq
25 ‘ 1580 145 water A : : L ' , / ' 4 sodium 0 - g ' - ~~ soft cement = 62 ft3. ; o . *
. '112 ‘ e \ “silicate L 4840 0% _ . Should.ocqupy 137' of 12%" hole.
e - e { modified - : T . . 4 : sodium 2 hrs . Theoretical bottom of cement plug = 4977'.
o . 5009 4930 42 { formation . : . . . : ) . : ' silicate , : ' b
2" ' 1ast circulation 1n Coae jdation 0.5% ' : : ) &
7/13/18 Lost cir 427 { consoli 20% - 3% . A ' (
12&" hole - 4785 { treatment - 1:1 : . : . ‘ 2 hrs
' class "B , : N : :
| ' ~ cement : _ . ‘ o . -
! 26 o 4926 tsl;i . water 40% 3% 0.5% . : : - SR 0 '
1 , - : o . 1:1 ' I : . ' 5 hrs 4770 < : ’ ; ‘ '
‘ ' class "B' . Lo \ . 55% (Firm cement from 4770' to 4790', 4805' to 4830° - :
' G : . . ~to -4 4900' to 4926° Cement i
" 125 cement : - | : ' Fill 4935' to 5009 , ' y nt stri
27 4 . 4833 369 water , 4 ’'. No fluid returns to surface.
7/14/78 ‘
0.5% 0 i . B
: : 3% _ not located 100s. ;
Zone . 40% . : _ _ : - No fill.
. / Begin Cement Abandonment Plugs to Abandon LOWEE = t class "B" 1:d ' ' 5 : . . - : : ' :
7/19/78 _ 312 cemen : ' ‘ i . ) o ——_— :
!i : 28 5221 5009 364 water ' 1:1 40% 3% 0.5% L . : 0 ‘ . : _
. ) e class "B" : " 6.5% i o not loca_ted , 100% No fill.
i 4 A 139 ce . 0% S g .
: 29 water upn 1:1 4 ' . =
7/20/78 A 364 cement class "B : ' 50# cedar 0
‘ 162 ! - o ' ) ' '
-— -modified ' ' ! . : . e : : sodium
formation o oo ' ' ~silicate
‘ ' consolidation 408 3% 0.5% . 0 o o - L _
e o : . o treaEMEQFV: ~slass "B" - - - bl g e e T T ;:%fhES S+ -7 mOt located - ol RO0R < - cemNg FiTLc o T e m b e e
31 tgg water a0% 3% 0.5% ' . ' ’ 0 L a L : - o
1123 LCcM . class "B" 1:1 - ‘not located 1008 .. L -
' 187 cemen - ‘
32 300 - water

- No fill. -

&




_— ODEPTH—- OF PLUG i | SILICA ~N . ' . |
" No FEN HOLE  OEDP @,  VOLUME ~ PERLITE FLOUR GEL CFR-2 FLO~CELE NUT PLUG cacl, LCM  GILSONITE | TIME BEFORE . LOCATION OF THEORETICAL 4
- L. FT. FT3 MATERIAL CEMENT TYPE .  BY WT.CMT. BY WT.CMT. BY. WT.CMT. BY WT.CMT. = LB/SK CMT. LB/SK CMT. BY WT.CMT. BY WT.CMT.  LB/SK CMT. " OTHER NEXT OPERATION TOP OF CEMENT -  PLUG LOST _  REMARKS A : _ -
1 124 1230 , | | a | |
375 cement Class "B" 1:1 40% 33 0.5% ' 5 hrs | Not located 100% -
2 1230 350 cement Class "B" 1:1 V4o% 3% 0.5% ‘ : . : : 5 hrs Not Located. 100% Gas flow stopped for 20 min and slowly returned ;t a low rate.
1230 112 thick gel mud : ' ‘ 0 ' ' i
. ‘ : . ' o issi ued.
4 - 240 cement Class "B" 1:1 40% 3% 0.5% : ' 5 hrs No fill @ 1230 >95% H,S emissions stopped, but small lamount of CH, emission continue
: 1230 125 cement Class "B" 1:1 40% 3 0.5% ; , 15% "5 hrs ~ No fill @ 1230 >95%
1230 225 cement Class "B" 1:1 40% 3% 0.5% : : 15% ‘ 3 hrs . No fill @ 1230°' >95%
. . . ; : . .
1230 561 thick gel mud : ' 25% 0 .
7 | 305 cement ' Class "B" 2:1 40% 34 ? | ; I 5 hrs No fill @ 1230 >95%
' 1230 305 cement Class "B" 2:1 40% 3% ‘ : : ' ' ' ' ‘ 5 hrs No fill @ 1230° >95%
. 1252 1230 230 cement Class "B" 1:1 40% 3% 153 5 hrs . No fill >95% § o ~ -
10 1230 230 cement Class "B" 1:1 40% 3% . . 25% 4 hrs No fill . >95% '
1230 210 cement Class "B" 1:1 40% 3% : ' ' 2% - 20% : ‘ 4 hrs No £ill @ 1230° >82%
12 . ‘ - ' ‘ ’ ~ 600" + . '
1230 210 cement Class "R" 1:1 40% 3 2% 20% 5hrs No fill € 1241 >91% Fluid level located at = . - i 7
13 1241 166 cement HOWCO, Thix-Set ) 0 > . 0.5 0.5 2% . 5% 4 hrs 1160 7% Lost circulation again at 1236' while drilling out cement. Contlnged drilling to 1257°'. B
ig 1257 1230 166 cement Class "B" o 0.5 ' 0.5 25% : : 4 hrs 1236 79% ' S ' | B
16 1230 210 cement Class "B" 1:1 40% 3% . 0.5% ‘ ' 5 hrs 1236 - 1008 | |
1230 86 cement Class "B" 1:1 40% 3% : . : ' ' 0 1236 - 100% ": i11i i ’
17 1230 200 cement Class "B" 1:1 40% 3% B - : 4 hrs 1221 B7% Lost circulation @ 1247' while drilling firm cement. )
1247 1230 90 Pal Mix 110R 0 1114
100 water .1 hr No success in filling hole.
. 1247 1230 90 Pal Mix 110R 0 i34
100 water 1 hr No success in filling hole.
1247 1230 90 Pal Mix 110R 0 n Fi11d
100 water . ’ » - 1 hr No success in filling hole.
18 1247 . 1230 125 high visc. plug , | : 50% o . >0% 0 .
: 235 cement Class "B", 1/3 : : " ' : Sand 1:1 0 ‘ ith
67 water >° e el ’ ) ' 4 hrs 1183 54% Drilled out firm cement w1th'7full returns.’
1276 1260 » 112 water _ : o : : , 700# Pal Mix 110R 1 hr _
19 - 1260 115 cement Class "B" 1:1 : v . ' _ : Sand 1:1 4 hrs 1230 33% Drilled out firm cement with full returns.
1564 1535 . 95 Pal Mix 110R , 0
20 : 120 water : ' : ' : } : % hr _
1535 115 ) ' npn . . Sand 1:1 ’ 6] ’ - : 4 . : 4 ‘
1535 92 VCV:I':::t Flase B e ' » . 4 hrs 1487 33% . Lost returns at 1500' while drilling firm cement. Regalned circulation after pumping
: . : ~ : . o 500 BBLS H,O-in hole. Open hole to 1564°.




TABLE 2

SUMMARY AND DESCRIPTION OF CEMENT ADDITIVES USED ON CFSU 31-33

ADDITIVE

DESCRIPTION

FUNCTION OF ADDITIVE

LIGHTEN | ACCELERATE | CONTROL REMARKS
SLURRY SETTING LOST
. WEIGHT TIME - CIRCULATION
. Perlite (expanded),‘ treated volcanic X absorbs water under hlgh
. : material - pressure .
Silica Flour o ‘finely powdereé' prevehtS'loss of strength
silicon dioxide at high temperatures
Gel Wyoming-type X X increases suspension of
1 bentonite particulate additives;
. maintains even distribution of
other additives; = '
reduces slurry weight .
cacl in PQWdef or X accélerates early strengt
2 flake form ; vY~s 9 g h
CFR-2 (%) | a napthalene X a cement dispefsant to
: polymér reduce viscosity and a
L friction loss reducer
Gilsonite particulated X X inert - does not absorb
naturally . ' water;. '
‘occurring high. cement strength,A
asphaltite resists corrosion; granular
4 ‘ _ lost circulation additive .
Flo-Cele (*) cellulose flakes X lost circulation additive
Nut-Plug (**) walnut shells X granular lost 01rculatlon.
‘ g ' additive.
LCM ~any mixture of X mixture of gilsonite,
- lost circulation cellulose flakes, and
materials walnut shells
(*) Halliburton t:ademérkv (**) Magcobar trademark




" CASING

DEPTH OF

TABLE 3.

CASING FLOAT OTHER CASING

" CFSU_#31-33

SUMMARY OF CASING CEMENTING OPERATIONS

20"

13-3/8" 17-1/2" 1735' K.B.

289' K.B.-

- Insert float
<collar at ’

Multlple stage

ing collar at

~diépl‘acement
. fluid

- Flush #1

Fluéh 42

Flush #3

Flush #4

cement
2% CaCl, by

'welght .
'-drllllng mud 12ft3

swater . 100£t3

*water 100ft3

FR-20 flush- 70#
ing agent
and Silica

Flour .

water: o 53£¢3
sodium sili- 30ft3
cate '
~water 200ft3

Bill Martin Rathole

HOLE o . : : ‘x o :
SIZE SIZE OPEN HOLE ACCESSORIES MATERIAL INJECTED COMPOSITION VOLUME REMARKS
30" 36" .32 G.L. cement slurry . .ready mix 3% yas
: : ’ g S .cement v . ~Service
26" cément slurry - «class "B" 767£¢3

' 80% .excess volume

injected through 4%

. drill pipe stabbed

into shoe. Good
cement returns to
surface. Located-
cement at 272°'.
‘Theoretical cement
locatlon = 274 3

Begln Flrst Cementl
Stage




of Casing Cementing Operétions - CFSU $31-33

‘Page Two
CASING HOLE DEPTH OF CASING FLOAT OTHER CASING ' g R . o
SIZE SIZE . OPEN HOLE SHOE AT ACCESSORIES - MATERIAL INJECTED COMPOSITION VOLUME REMARKS
: ’ cement slurry - +class "B" 795£t3  70% excess volume
followed by cement, 1l:1
wiper plug Perlite, 40%
- . : Silica Flour,
: 0.5% CFR-2 .
displacement -drilling 1520£t3 Did not bump top
- f£1luid . mud . cement plug on in-
o ’ : sert float collar.
Theoretical dis-
; placement. volume t
bump = 1473ft3.
Opened "DV" collar
circulated cement
through it. Recei
392ft? cement slur
from:above "DV" co
Theoretical excess
volume = 331ft3.
Circulated mud thro
"DV" collar four h
) without fluid loss
Flush #1 , -water 168£ft3" Begin. Second Cement
Stage :
cement slurry .same as 1611£t3 90% ‘excess, followec

“first stage

displacement " -drilling 977f¢3
-7 fluid mud ’

"DV" closing and wi
plug. :

"DV" collar closed.
Theoretical displac
ment volume = 968ft
Partial cement retu:
to surface ~50ft3.
Theoretical return:
746ft3. 933 of exc
lost to formation.
Cement level in annu
fell 180' while wai
in% on cement. Fil
with cement using 1
Located top of cemen
in casing at 1697'.



D

| Sear

Magcobar

TN

MAGCOBAR DIVISION, DRESSER INDUSTRIES, INC. 475 17TH STREET SUITE 1600 DENVER, COLORADO 80202

NUMBER OF UNITS.

. 60.00
1,714.00
5.00
140.00
3.00
64.00
141.00
12.00
76.00°
9.00
8.00-
5.00
©10.00
15.00
546.00 -
15.00 .
449 .00
55.00
15.00
51.00
2.00 .

MAGCOBAR MUD COST SUMMARY - -

for

UNION OIL OF CALIFORNIA™

‘CFSU 31-33

Section 31, 25 South - 6 West -
Millard County, Utah . :

PRODUCT DESCRIPTION -

Magcobar
Magcogel

Kwik Thik
Mageo Dustless’
Spexrsene

‘Tannathin

Chip Seal
Cottonseed Hulls
Mud Fiber

- Nut Plug Fine -
. Nut Plug Medium -

Aluminum- Stearate -
Magconol
Calcium Chloride

" Caustic Soda

Lime - . i
Miscellaneous Products
Zinc Carbonate

Sodium Bicarbonate

0S 1 :
SI-1000

. State Sales Tax

Sundry Rebill
Utah County Tax

/
TOTAL MUD COST

* AMOUNT

$ -363.60. .
8,467.16
28.25
691.60 .
85.17
649.09
1,680.12
149.52
- 1,067.04
120.87
- 10744
300.50
607.90
264.15 .
12,110.28
90.90 -
26,827.75
5,247.00
- - 763.41
©1,512.15
1,158.46
2,483.10
7,405.98

_ 470.18

$ 72,436.74-

(Above retyped from Magecobar Mud Cost Summary issued 8/21/78)/



" patE: 8/1/78

) COMPANY: Union 011 of Caltfornta” CON'I'RAC'I";OR'/.RIC #:'_Loffland 5
‘:wx_z’LL NAME:. _CFSU 31-33 . SPUD DATE:- 5-24-78
' LEGAL DSCRP: _Sec. 31, 255-64___ COMPLETION DATE: 7-23-78 -
'COUNTY/STATE: Millard, Utah  MUD ENGINEER(S): _ Ralph U. Bowle

TOTAL DEPTH: 5221' ETD 2600' .~ MAG STOCK POINT(S): Milford, Utah

TOTAL DAYS: __ 60 . - TOTAL COST:

CASING/BIT INFORMATION

CINTERVAL...  HOLE SIZE  BIT SIZE . CASING SIZE # BITS USED
o ':to © 280 C28% 17 1/27/26" 20" S, _
280 v 4o 1735« 17 1/2" V‘ B 17 1/2" 13 .3/8" 4
: 1_7'35_ * 1o 5221 1o 12 e _ 12 1/4" OPEN HOLE 7.

vi"to . B ‘ | | |

DRILLING “FLUID INFORMATION

S MUD UP AT: _SURFACE '

INTERVAL... - MUD TYPE MUD WEIGHT. DAYS - COST COST/FT
o — ’ P N (1ow-high). . -
N O 'to_ 280 ' spuDMUD 87 -9 _6 & 205001 -§ 7.32
' 280 1 po 2100 '+ FLOCCULATED 8.4 ~ 9.0 @ 29, 18,472.16 - 10.15
P 2100° 1 4o 5221 AERATED WATER -~ 27 . 51,914.47 16.63

SUMMARY 'OF ‘COMMENTS/PROBLEMS

(indicate depth interval on left) - - FORMATION,

- ‘GEOLOGIC INFORMATION

DEPTH-
See Interval Breakdown and Dai1y”Dril1ing . . Andesite Surface-Desris ‘ .205'
iog for more information. Competent Andesite ..300
“Altered Andesite - 530
Andesite with quartz
veins and sulfides 920 .
Red Silt Stone and . . S
‘intermittent Grey Dolomite 1740
No returns - 5221

No actual formation tops -

" logged. -

L



. OPERATOR:Unlon 0f1 of Cal((ornia

“Sec. 31, 255-6W

LEGAL DSCRP:

'Intervalz

0 ' to - 280

WELL NAME:

CFSU 31-33 .

COUNTY, STATE: Millard, Utah

Mud Properties.... -

600

" Footage: 280 ‘Weight:8.7 - 9.1 (C17:
Days: 6 Vis:o. __ 45 Solids:_. 2-6%
Ft/Day: 46.5 F/L: 15 0il: o
.Mud»éost: $ 2,050.00 pH: . 11.0 LCM: 0
Cost/Day: §  1.32
MATERIALS. ... _, _

Produtg ' Units. Cost "f‘Uﬁits/Dayi Cost/Day -
Magcogel - 207 'S 4.9 34172 § 170,43
_Caustic Soda g 228 s 29.57
Lime 3 6.06 1 ' 6.06

REMARKS. .. . ‘

__This interval was drilled with'a flocculated mud having sufficient viscosity ..

(45-55 sec/qt) to clean the:holem No problems were encountered during the drilling

of "this intervai._vA 17 1/2" hole. was drilled to 282' and opened to 26" . 20"

surface casing was run to 280 and’ cemented without any trouble,




OPERATOR: Union il of Callfornia ___ WELL NAME: __ crsy 31-33 .

LEGAL DSCRP: _Sec. 31, 255-6 '”'°f COUNTY,-STATE: Millard. Ural
» Iﬁtc:rValli;_", | 28‘0 K t_o- - 1735 - Mud Propc.‘r'ties,_.'.-._ ‘
| Footage:, 14553:‘ o Weigbt:xa.a - 9.0 C17: 900

ﬁays: o | _' 2; | A. ' Vis: - 32.- 40 . Solids: 4%

Ft/Day:. 50.2 - '_ : F/L: '7: 40 0i1l: - _ - o

Mud_éost; $ 18, 724.84 V - " pH: 10.5 - 11.5 LCM: E [

‘Cost/Day: § ° _ 645.68 "

" MATERIALS....

Product L Units ““*<"‘g§§£ " Units/Day Cost/Day
Magcogel .. .. - . 1425 s ales 4ot - $ 242.74
Caustic Soda 8 22.18 2,93 __65.01
Tapnathin . 59 L1049 2,030 - 21.34
Lime 1 e0s .45 2,72
deium"Bicarbor}ate. 26‘ s ©23.77 - 4 .9 A 21.31
Zine Carbonate +. 38 . 95.00. . . 1.07 101.55
Mud Fiber R L3l . 14046 . - 1.07 - . 15.02
Chip Seal = . 20 11.32 : .69 7.81
SI-1000 o 2 579.23 - 03 19.97 -
Aluninum Stearate 4 .- e010 .14 8.29
Maéc&nol,iﬂ. : s eours a7 _10.48




¥ OPERATOR: ‘Unton OfL of Calffornta, - * WELL NAMii: _ CFSU 31-33 -

" LEGAL DSCRP:, Sec. 31, 25S-64 . -COUNTY, STATE: 'Millard, Utah

Interval: __ 1735 '-to 5221 ' Mud Properties....

Footage: _ - 3486 - . . Weight: 8.5 -9.0  Cl1: 700

" Daysi 21 . Visr. _30-36 Solids:_11/2to 41 -

Ft/Day: 129 " . - F/L: Njceso_ Oil: 0.

Mud Cos-ﬁ: $51,914.47 o . pH: 10.5 - 11.5 LCM: - 0
 Cost/Day: §1,922.75 - o o
MATERIALS. .. : o A
' Product. A Units . .C_Q_ﬁ .'_-'»j:UnitS/Dﬂ ' ,Coﬁf/Day
Sodium Nitrite . 53l .. 8 59.75" 19067 ' §$1,175.08 - - E
CCaustic Soda - 424 28 - 1570 348,31 é
os-1 w2965 - 1.7 ' 50.51"~ ‘
Véalciﬁé Chlortde 15 1.7 - .se Coelsy Sl
Mageogel 45 4sh o Ler 8.23
: Mud Fiber . ' 65 . 1404 241 33.80
o chip_sgai» _ w0 BETIE R T 7O 8.39
K 'uqt‘éng4_, v ‘ 5 13.43 .19 ‘ 2,55




" Union 01l of

" Opetator California

Well  cFSy 31-33-

"Contractor Loffland 5
Engineer 'R.W. Bowle

- Elevation

Locatlon Se;:. 31, 258-6W.
- County __Millard :

State Utah -

DRILLING MUD LOG

MAGCOBAR

DIV'I_SXQN

Hole Cosing | Interval
Size Size Lerngth
26 inch —inch 555 [[B
i inch inch <50 &,
1737 inch - I3 _37Binch 1455 4.
12 1/4inch OPEN _jnch = _3486 .
: inch - e

Spud Dote
Under Surf
Finish Dz
Total Dep:

Mod Cost $ 7

K = 1000 MUD _PROPERTIES MATERIALS
" . < GELS 4

‘ AT
e[ oepTH | SIS < ‘,&‘(‘VQQ S, ‘

. “,\. “‘, ‘ 4\5(/- YQ\‘Y. *\Q, \‘\\’\ ‘\Q Q(VQ
25 | stkrabe ! 851_‘/
26 | 123 |8.7,60{36/16] 8}8 12 B.0 * 565
.27 1 182 19.Q 65 40{17[13)13 [21 ‘B L5). , ) 1 “314
28| 301 8.4 65 39]14[11] 5o p1ol1s .6 .2] .3750!100 Tr| 4 17| 20 15 2 124
28| 112:|9.1 69 43[17]177]11 |18 h05 j Trb34 Mi{l Diy ChecH 0
29| 218 |9.1 84 63]23]26]12 |26 1105]10 .9 .4| .g900]100d1/2 6 24|30 112 1 53
30 294 | RudnTMG cdsifc {20%) o 294" B YV ERE 111
31 280 | cadind set at 280" |- sipelep jup [B.d.P.|- W.0.¢. 1o skT : , 233
01| 300 B.5| 63 30| 4| 2] 2] 2 10|47 .2 .3! .4s00|200 1 12 Lral o
02] 320 b.71 84 37j11l 8] 7)13 hizolas| 1.4 .9]1.d700|15d3/4/3 | i3sias| |e6)s9 1 3 9%,
03| ‘588 p.0j11g 46]16/10] 6] 3 (10536 L7 .3 A3k 10q1 /2542 192801 169178 50 ‘ 255
04| 711 p.of 83 43} 6] 3| 2| 5 jiLo[19 .7.35! .417K{10Q Tr5y2 16131]  |.74455 39 | 3] 3 365}
05| 899 B.9[124 3s5].9] 6| 5| 9 jlos| 21 So70.3) A2kl 10q1 /7262 17} 23 . 68112 42 781
-06 | 1089 B.9|10q 35| 7| 4| 2| 6 troj20| | | .3] .415K{10Q 0 py2 17| 23] L7167 22 3] 3 217
.07 (1233 {w.o.cl; LosT|cIRCUTATION AND|ENGOUNTERED H2S {AVQ 500 ppm) AT 1233', [9:50 pim. | 50 [-2| 2 S_T
.08|1233 |w.0.c{ - %o bRIlLG Aerviry | | | | | » 5
.09 | 1240 BB.6| 89 34| 8 C1f 2|3 hLojrel” (1.1 .6 .9400{44q Tr2.4| 158579 L9151 -
-10{ 1253 LOST ALL ¥up| 6|CEMENT PLUGS|SET (UNABLE To TAG) o 1 4 30,
1] 12s3) 127w dewekr breg dvay TAG (i ' 24 6 269
12| 1253 | pRiLLED 85" cEMENT) LOST RETURNS Al 1253'} WJo.( sd |3 3 404
13| 1290 | cetmnt PG F1e| v [pLA ' . sq - | s 558
141 1230 | cedMeNT PLbG F16|Tadorn 0') oRILLED qur pimy 33| viscostTy| Muf 59 | 2 1|2 ! 775
2151 1230 B8.5{78] 35} 71 4} 2} 6 Cldvahislroofso] 2| rze 71167 (FX I N I A i 1326
-16| 1400 {5.5{103 36| 6]12] 4| 6 J2.4.851. 01k [40] TrlL4 1127 7 [L&y13 YL/ S PO A N B -. 777




P e e e e

.Un'ion 011 of

Splclrmov .Califotn‘:la Location Seé‘. 31, 255-6W ‘MDAIEV?Sol%%R IS'S';!} i Cg‘si:r‘v'g llr.‘“weahl
ell CFSU 31-33 ount 11 2 ize ize eng ;
Controctor. Loffland 5 ‘:;:’Oy Zt:;ard D‘RR‘LL!NAGHMUDj Locv‘ ___Zﬁ_:::: . ) ::j‘r ‘ ;: E:‘ﬁ?;::‘i—:
Engineer R.W. Bowie Elevation ’ o 17 172 ineh- 13 3/8inch _1455 #. Finish Date _
T » . Pege 2 of 3 . 12 1/4inch  _OPEN inch 3486_#4. .~ Total Depth_
. - ,,i‘nd‘ i » inch. fr. Mud 'Cos"‘S‘_.LZ_,_
]
. Ny
TE| DEPTH K‘Xé: QQ‘:
- P> <
1553 |3.580{31 |3 41Ls]36] [2.4.57 974
3+ | 1460 3.5/75(36 |8 6[120597| [2391.2): 2370
| 1646 {8.5(11Q32 547 | 4l f11si34]l (2.4 1 1394
) | 1730 10ST|CIREULATION { NQ MUD I8 PITS 2484
c 1 1730 chveNT PLuc #21 add 22 1554
L] 16508.5{110 32[4 |6 | 3| 2111537 2,31.11.41600/¢40] {14 o R
2 | 160084001 39} 617 | 4] 6]120 34) |1.10.30.6]700/¢s0] |nYa 47 2 3 364
3 | 173508.5)85] 39|85 | 5] 6lira 37| |1.11.00.3{700050|1/4134 .68 96 6! | s| s 4 311
4 | 1735] wireetep be Boole.|(13 3/8") | '
5 | 1735 - DRILLED but DV TO9L AT 111S] | a
6 | 1770]8.5p15| .30 5 ho 6(129 42| b.5[2.12.5/650000{1 |14 35 1 1|85 2 1241
7 | 1935]8.40r0] 30/ 544 | 4r2{1u5 a1 b.5[1.42.1]200¢60{1/2 1 54 100 1{1] 4 3 1203
8 | 2100] wost|arLl FiuIp AT{1530 HOURE; RIGGED {UP FOR WERATED WATER 37 418
9 | 2100] AFRATED WatEr 4 ) 1 23
0 | 2462} AFRATED NATER 12| 279
1°| 2755} AFRATED WATER 23 736
17} 2920[ AERATED NATER | 36. 838
3 | 2920 AERaTED WATER. \ 52 270
4 | 3276]  AERATED MATER 10 233,
5| 3634| AERATED WATER | 17 396 1
%6 |- 3725 aoralep peater | 14 8 1064
77 | 4085| AERATED WATER 23 22 : 8229
18 | 4540| AERATED MATER 126 60 T 302"
9 L aeoe]_spaspen fes NN IR




Union 011 of

Location . Sec. 31. ZSS;Gﬁ

MAGCOBAR

Interval

_ Opem?o) California Hole Cgsi_‘ng ptesvel
- . : st S '
Well CFSU 31-33 County Millard . DlVls‘le . , "nn_ch ize e eng m  Spud Date _
Contractor 1offland 5 State Utah " DRILLING MUD LOG 7 - inch 20___inch 280" . UnderhSuv(um
: . : s j : ’ inch 13_3/8inch 1435, #. Finish Date’
.E'ng.lnegv R.W. Bowte Eleybu?llon - Poge_3 of 3. qunch OPEN__inch 3486 f1. . Toto! Depth_
S T S inch __inch fr Mud Cost $_ 72,
MUD PROPERTIES |
4
re| DEPTH @Q"
d ( Q“', )
3| 4796 ; _ ‘ 8517 | 5
) | 4826 BIT PLUGGED |IN ISILICA|CLAY AT 2015 2 748 | s
1 | 4800 WORKEL} BYT THROUGH| CLAY _ , ‘ 36 |4 | 10 2615 | 5
2 { 5004 TRIIPPRD QUT |OF HOLE; ¥.0.C. 3 ATTEMPT TO SEAL |OFF| RUNNING ClAY 10| 11 567 | 5
314900 | lwhb.cl 1o spr | - ‘ . 15 220 | 6
4 4900 DRILLED QUT |CEMENT| PLUGS WITH ND RETURNS 34 18] 18 2552 ] 6
515017 NO REFURYS, |FRESH WATER, |causTic SOpa,| And osi 10 6] 18 1775 | 6
6 | 5040 CORING, WATHR, lAND| cAlSTIC SopAl, 031 16| 16 1227 | 6
715135 Nd RETURYS, |wATi=r ‘A |cadsTic sppa 8} 16 886 | 6
15221 LOGGEN ‘WELL{ SHT CEMEYT HLUQ AT| 5221° 4 25 11010110 657 |6
2| 5221 SET EZ-S{ PIUG WITH CEMENT AND LCM|AT 470G 551 10 5 1240 | 6
35221 SET. E2-S\ PIUG UP HOLE AT AHPROXIMATELY 1000'| + L2 BBL CEMENT 20] 784 | 6
41 5221 STARTAD RIG [DOWN PROCEDURE | . ' B 305 | 6
s | 5221 TATAL {$1309 /34 [FOR| RETURN TRUCK[ING 7




[ At ; . P boer e it -y v o % 2o AL 2 yoip i
s mm«m e rwm"mmm-,wm
. » . L X . . N - . e i s '_’.,._,’ T .....—~. AT vt
' : . I R AT - AT T o W e - T o % 9T E "
B e S S o~ B : ‘ } |

i [ i
. -1
SHEAR RATE SEC HYDRAULIC DIAMETER - INCHES M ‘
: : ageobar .
[ 2 3 4 5 678910, 2 a3 789100 . -2 § 6 78 91.000 2 3 &5 s‘leémoéo 2 3 4 5 8 788100.000 : P e
... .. — i KN L T T RO T, gt . e |
. : : co i j i . .

ANNULAR.FLOW DY!

weLL nawe_ CFSU_31-33

L'OCATIO‘N' Sec. 31, 255-6W
Loffland 5.

CONTRACTOR

(HD = 4.25) -

DATE 6-27-78  geetH

:1': HYDRAULICS AND RHEOLOGY OATA
o PUNP D500 cize 6% x 16 o 56
- X
. 5 D-500 Sle.é}L_x._l_@_@
B D.P. Hyd. Ann. Ann,
(&} or Dia. Vel ., . Shear
v e ‘D.C, - _Rate
' 8 .
4.5 8.0. 77 ,,n/ 23 sec’
8 4.5 114 %"6‘1 sec”
8 " 425 164 4" 92 sec!
- . o ". R ‘
: in.__SEC .

T DIAL EFF.VIS. FUNNELVIS. 21 31
_13_ H.5crs  awv.

: _8ces  ev. _5°
cPs - v 3
cPs n. Gei o2
CPS 10 Min. Gel_9__
CPS ‘SIMD\' Tnmo.mi
MUDWT. 8255 " FLOWLINE TEMP.
ToTALANNULARAP__2.87 Psi gco
REMARKS "ﬂ.l = 70 'K' = 57
APL = .03 #/gal

|
l
x
i
i
i
1
1=

KRV PO R ETTR S o BT I3 SRS TR Tek 2 540 muo encveen. RA1ph W. Bowde, .
20 30 49 60 70 100 10? . ,? :

' . S . ) . : BY THE DILFIELD PRODUCTS DRISON TECHNICAL GROW € P
HYDRAULIC DIAMETER - INCHES . . V.G. SHEAR RATE - R.P.M. - . SLIP VELOCITY F ﬂT/MIN MUD WT. LB/GAL NOUSTRIZS AZPRODUCTION IN ANY FORM NOT PYRMITTED ThiS

~PLACED THEREON ARE SUBJECT TO THE PRQWVISIONS ON THE REVE

—



Hydraulics

| Work Sheet
! e : -
i . - =
e
, Secunty Dlvision * Dresser lndustnes Inc. » P.O. Box 6504 ¢ Houston Texas 77005 . (713) 784-6011 )
A . OPERATOR ,"U“ion 011 of Cahfor“EGNTRACTOR Loffland ___RIGNO.___ 2. pate_ 6-27-78 -
. WELL NAME CFSU ‘nO.__ 31-33 counTy_Millard state_ Utah
- B c. .
d WELL DATA: L )
1 i Hole size ‘1 2. 5 . fromsurfaceto 1735 Drill pipe size 4 1/2 wt. 16.60 tj. type XH length 1435 .
[ . iR .
Orill collar length . 300 0D x ID—- 8 X 2.5 Mud wt. 8'_55 Min. annular velocity {drill pipe)_—-77
| Make EMSCO. -~ Liner size 61/2 X 16 / / ,
’ D-500 - 17. .
Model >0 _Press.- Rating 1 3’ // // //
: . SPM 56 Oper. Press. limit_ 1200 // y /
" . .
i ‘s “1.'Maximum Operating Pressure (Table 11 . . ...ttt i ittt ne e e St e e L1200 o
Volumetric Discharge (Table 1) . . .. . it t  ie e fie et e e et it et eee e _;_Zil‘__gallstk
o . - 428 ’
2. Circulation Rate (Table 2A0r 2B) . .. . .. . i it it ettt st it s gpm
3. Annular Velocity: {(a) Drill pipe {Table 3A} . ... .. ................ e v e [ A ! 7- ft/min
£ (b) Drillcollars (Table 3B) .. .. ... .. ittt i i iaee e 164 ft/min
4. Surface Equipment Type (Table 4i ..................................................... 2
- SYSTEM PRESSURE LOSSES:
5. Surface EQUIDMENT (TADIE 5) . . . 0 o vt o s et e e e et et e e e e e e e ._5_4_-._0_.__psu
6.-Drill Piiaé Bore {Table 6}: lossper 1000 ft. X length . ............... 7120 1735 = 130.0 psi
. ’ ' 0
- ) ) s . ) ) 1 R .
7. Orill Pipe Anpulus (Table 7): loss per 1000 ft. X length . .. ..., ....... 1 1735 = / psi
: - S . 1000 o
: . o 53 237 125.6
1 8. Drill Coltar Bore (Table 8): loss per 100 ft. X.length . . ... ... ......... ) X - = - _psi
e It . .o . . ' 1 o . .
. : . 1~ 237 2,4
9..Drill Collar Annulus (Table 9): loss per 100 ft. X length . ... ... ...... - 3 = psi
. : L ' 00 .
: Mud Wr. 313.7 © 8.55. 1 268.2 )
10. System pressure loss {excluding nozzles): add lines 5 thru 9 X T = psi
. . . ’ 10 .
r’< o i e sol L 1 mi line 10 10 931.8. 10 1090 A
o r 11. Pressure available for no?z e selection: line 1 minus line 10 X Madwe, " 555 = psi
S ’
S0 et
) ; JET NOZZLE SELECTION:
: : N
B 12, Jet Nozzle Size (Table 10) ... .v st ot et s e e ettt e e e s et e e e 14 3209
L 13. Pressure loss through jet. nozzles (Table 10): pressure loss X M%t— ..... 8.37 X 8:";)55 = 715 psi
. 14. Jet Velocity (Table L R R P ._ﬁ_ ft/sec
15, Total pressure expendvture for system {add line10andline 13} . ... ... ic.tenreeneedieenrneeenns _ﬂ_psi
hne 13 ' 715 ! 73
16. %HHpatbn X 100 it ei e e e, X100 . %
‘ ets © 7983 :
Actual H Power = ._——-——-—71*;7)]?4428 .= 178.5




CORROSION RF"‘ORY NO .

| F:_1f4;5A.l..D-;———ﬁ

RS CORROSION REPORT" - L

MAGCOBAR DIVISION’

Union 0il of California

'FIELD CORROSION LAB:

BB

1020 Athérton’Dr.;-Suiﬁé c-201"

(Loffland Rig 5)

i L ’ . CITY, STATE AND ZIP CODE

Salt Lake: City, :Utah 84107

; SL;BJECT WELL NUMBER AREA
'C.F.S,U. 31-33 i Salt Lake
jEvio ) cory 7o
Harold- Moss -Steve Pye Dee Thomas Jim Fox Tom Céx.
copv 7O L COPY YO - : -

_Art Vincent

Bernle San51ng Ralph Bowie

Ce

Dee Slaugh "Bob Perkins

 THIS WILL -CONFIRM '_THE“CONVERSATION CONCERNING .THE COR'ROSION RING(S) FROM THE SUBJECT WELL.

| ' o . T  pulled 6-7-78

1 The measured corrosion rate on this ring was 1.7; however, at
T rast 207 of the weight loss was due to mechanical erosion by

‘ OUPON NUMBER_ 19341 PULLED AT A DEPTH OF 1241 FT. SHOWED A CORROSION RATE OF
: Ap_p_]:Qx__L._/}______LB/FTZ/YR. trace CARBONATE_" - positive . . SULFIDE. '
. | .COUPON'NUMBER PULLED AT A DEPTH OF - FT. SHOWED A CORROSION RATE OF
doan | o : .

L : LB/FT2/YR. CARBONATE SULFIDE.

: COUPON NUMBER PULLED AT A DEPTH oF FT. SHOWED A CORROSION RATE OF

L LB/FT2/YR. . _CARBONATE_ - SULFIDE. -

:1d ‘solids,
H2S was encountered two days before this ring was pulled. Zinc

-giving a true corrosion rate of about 1.4 1b/ft2/yr. .

Following are the conversion rotes between the
vorious units for steel coupons (specific grnvny

7.86):

'farbonate has been used to treat for H2S during drilling since
flat time,

mpy = 24.62 % lb/f12/yr
mpy = 5.03 %X kg/m2/yr .~

Y

| ws02/ye = 0.04x mpy
J1b/B2/ye = 0.20 % ka/m2/yr

kg/m2/ye = 0.20'% mpy
kg/m2/ye = 4.90 X Ib/f12/ys

PLEASE’ CONTACT THE OPERATOR AND CONTRACTOR CONCERNING THIS REPORT

TITLE

@0\9 \/m\%q

Salés Engineer -

AREA PHONE NUMBER
CODE :

801 | - 262-9954-

H
K
DISTRIBUTION:

AREA ENGINEER -’
FILE

ENG. MANAGER .
ENGINEER

FIELD

FILE ’
EXTRA COPY

11140

.




\

. mouston, Texas 77001

. Lpo A N Sl

CORROSION® RING REPORT

Bldg. 1-A, Rm, 352 DATE
OILFIELD PRODUCTS DIVISlON—DRESSER |NDUSTR|ES INC, TITE HOLE D YES D NO .
" ~786-A
i 'RA"OR CONTRACTOR RIG NO. -
Omo‘\! O\L- oF CL\L\F LOFFLAND s
- ADDNESS " ADDRESS | SPUD DATE

AT

Rdye 5-24-7%

1 SORT FOR MR.

ﬂEPONY FOR MR. SECTION, TOWNSHIP, RANGE

HA(&OLD v\Aoss - “BerNie SANSWNG  {22-255- W,
WELL NAME AND NO. - FIELD OR BLOCK NO. COUNTRY. PARISH, OR S5TATE OR PROV(NCE L
C.FS. 0. Bi- 3'3 _ W /< ALY ALD Wran
- OPERATION CASING MUD YOLUME (BBL) CIRCULATION DATA
PRESENT ACTIVITY _SURFACE . HOLE PITS PUMP SIZE X IN.| ANNULAR VEL. (FT./MIN.)
e ‘ ZO IN. A"'Zﬁo ‘FT; 51/2- Ié - .opposn'z oP SO '_»__ :
‘, (SIZE (N \/¢ no- IN",'::E.RMEDMT:T. \T,‘Slﬁhimé‘ﬁ;g‘; } :Z:Z:A’(;%gif—é) _dPFOSlTE‘COLLAR ‘ =9 -
mu-u_ PIPE SZEL l/’z; T;EEH PR':T’L::TION OoR L.::n IN s"rotuss éaL/srnoxz STROKE/MIN 2.::5%;;7:11(;' fOOO ‘
BTSN CO‘LLA_R SI12E v Lt:Né‘m Mup BBL/MIN. so;l:::s uP oMina
. ‘7 TYPE G\EL— a QATE & ) . ivo‘rm_ (MIN.)
MUD PROPERTIE:
e i comosion e oaTh .
“ me Sample Token 1100 - Il couPON NUMBER: | B4 [ 4o FH K=207 .
Depth (ft) . - JINSTALLDATE & -1 — 74 TIME (5 OO &
i eight B4Fpg) [ (Ib./cu. 1)’ 2.6 || REMOVE DATE (5 -7 -7 8 TiIME [OI00
ud Gradient (psi/ft. . HOurs' | 36 | No. pAYs & Vo
Funnel Viscosity (sec./at.) APl ot_-____°F 24 | INSTALL.DEPTH () 25D
© 1stic Viscosity cps at °F B REMOVE DEPTH () | 2.4~ |
Yield Point (Ib./100 sq.- m s ' . I ||LOCATION IN DRILL STRING-DEPTH
€=l Strength (Ib:/100 sa- ) ¥0'sec./10 min. /| 2/3 | kewy sus: _ CHANGE OVER: L—"
iU OStip [ Meter [1.S {| INHIBITOR ADDED: ROWE '
i . Flltrote APl (ml./30 min.) l 6 TUBING STRING| DRILL STRING PITTED ‘ SCALE‘ RUSTED
. “1_HP-HT Filtrate (m/30 min.) oF — L O O U O
i:".ke Thickness 32nd in. API BHP:HT ' < - |COUPON SIZE (circle one)|™'™ OR BOX LAILURE [ OTHER '
Alkalinity, Mud (Pm) ‘ W 3'/2 5 5% INCHES)| ]B3R.Q2B0
. kalinity, Filtrate (Pf/Mf) - ' / le/air En GH) T
Lt Hoeg _ Chloride - H550" ' 400 | GRADE-DRILL PIPE _ ] PLASTIC -COATED [ YES [ NO
Colcium grFpm - [ Gyp (ppb) . 40 | CORROSION TEST REPORT - ' ¥
i nd Content (% by Vol.) 4 TR. || COUPON CORROSION RATE pereox [ '4' Ib./ft.2/yr.
Soiids Content (% by Vol.) 2.4 [ TYPE DEGREE
" Oil Content (% by Vol.) —_ Fes | €O, [MECHANICAL  MlgeneraL - Oitow
i ater Content (% by Vol) 2.6 +— | +~ [scae 1. XueHT O |mooerate O
Methylene Blue Copacity it 25 bent) [El @ O|piTTING ~[J |RATHER HIGH [J
€ Yfides [ ppm Phosphate Ol ppm . . O|tocaLtzeD . SEVERE O
€ fite Residual Oppm ¥ 20& pEQK\ NS .
1 . REMARKS—Give oper_oﬁ(;n depth and nature of any proﬁlgms encountered . - MUD TREATMENT: R e
7] Drilling @ [28.92 30 q GEL , SADSTIC | TANNATHIN
i Isotwaerfow @ )37 ]84 1. 9 ”
[ Gos kick @ [ . 1439%x207 2 B I
{1 Stuck pipe @ 126 e - il ¥-AT LEAST 20 6. OF THE
"] Tight hole @ v e _— WEIGHT LOSS wAS DUE TO EROsIoN
[j Stoughing Shate @ (- = | BY MUD goLIDS . THE ACTUAL-
i ] Lost Returns @ ’ ) " | corRROSIoN  RATE WwAS APPROX .,
TTRALEH Bouwle [ 4 b/ ) or LESs.
ADDRESS : T . .
{7

Py
tnluuo IN U.S.A.

THIS REPORT IS SUBJECT TO THE TERMS AND CONDITIONS AS SET FORTH ON THE REVERSE SIDE
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COMPOSITE

o DO s ason s uel T ok
[J FIELD CORROSION LAB,

P P 3 1
—_——— CORROSION RING REPORT
; t‘:;TqmmNL. ;\:;'E)_—‘Sél-i:/lcES'D ' . Tite HOLE [ ves O NO .
. COILFIELD PRODUCTS GROUP-DRESSER INDUSTRIES INC. : Co NUMBER
BM-1017 o a o ’ ’ ) S Page
OFERSS?ON O\L_Co‘ o‘:‘ CAL\FOKM‘A :LE)ZVEY : 66 1—26 5 a 6 w S‘URFACE ?ASING SIZE 20// DERPTH 260’ BIT S1ZE
wWELL : ! - FIELD L. . INTERMEDIATE CASING SiZE . /
' CFES.Y, 31-33 - WILDeAT : 13 2/a” 1135
CONTRACTOR R JCOUNTY
LOFFLAND BROC., — RIGHs MILLARD
ENONEET RALPY BoOWIE TS utAad . :
- - ;
ze | 978 | LE : | oo | £ [PLASTIC COATED -Oves Onwo
: A . = & =2 S 5 '
35 sES | B 228, |.| 3 Sjo | E| & [ &R 1e s R -
— [T PO - — 5 > . N
oz [0« | a | = (Z>|af>]| o Tl <l | E ] © S |2]-¢ | 2] 5 MUD TREATMENT
| 200 | 61 : ‘ s : ' ; TR, COg (X-0 508 aGe=u
Ry Wi, 3 £
734 1241 16-7 |B86l34le1 12|31 vwes | 16.0 lef2] 400 40 6/2_ l. 4 CABSTIC. , TANNATHIN
1479 1734 |6-25 (8530 [3[313]6 [12.5 | 55,0 |93 650 | <40 > o2 TR.CO3 (X-0 SU@)
C 12019 |6-27{8.6!31 (5131291 11.3133.0 @izl 700 |L40 i . ] e
108 2940 | 7-3 | AERAATED | WwWATER | 1.7 | MECH] DANMAGE - ACTUAY 2 .42’78 (¥-0) SCALES:, CaCO4 , \ROMN
3128 | 7-5 BN RATE Y230 \b/FT2/YRl YL CARBONATE , MAGNETITE
B 3728 | 7-5 | AerIATEDR | WATER | 107 N E . 3 (X-0) SALE - SAME AS # 70D
: - .0 , : v
16S 70575 [ 712 ~ T 5/9| 5250 | <40 2% 2ol T : -
a, 12728 |7-5 | AERIATED | WATER | 0.7 Y 5 |TeP X-0 su) SAME SCALES
119326106 -2 . ‘ 0.7 15Aq| ©250 | <40 272 \BAZ ‘ -
. 4540 1 7-2 | AERIATED | WATER_ | 117 shal 8250 | 440 ( (X-0) \RoW CAREBONATE,
470 4828 17-W | : L0 - ] ] Z/Z. 8.0l MAGNETITE , Feas ,
' 4023 | -\ 1.0 o L L (X=0) '
6 : Z -Q).
17 ,7 5009 | 1-12 1.0 272 149

DATE SPUD: 5424-76 'DA‘ArTE T T-1B- TR BH.T. -
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e b, CORROSION REPORT ~  [BXve T smemer R RS

Ve e M F-14510
'3 ) T ] FROM ; . o
' 'Uniéﬁ,Oil'of\Califopnia : o, T .=~ MAGCOBAR DIVISION

(o : . . . : o B ‘FIELD_COR'ROSIONLAB:

CBO0EEX 1020 Atherton Dr,, Suite C—201

CITY, STATE AND Z1P COOE

CRRE (Loffland Rig sy o , N . Salt Lake City, Utah 84107
. 'SUBJECY WELL - . T —[NUMBER ‘ AREA
C.F.S,U. 31-33 ' ‘ L A o Salt Lake
L A - ; cory TO R K _
Harold Moss Steve Pye S " Dee_Thomas Jim Fox_ - Tom Cox
€opPY. 7O . copy TO .
. Bernie Sansing Ralph Bowie . . .- Art Vincent - Dee Slaugh Bob Perkins

. THIS WILL CONFIRM THE CONVERSATION CON)CERNING THE SOEROSION RING(S) FROM THE SUBJECT WELL.

o L : L - pulled .6-7-78
: "OUPON.NUMBER___19341 . ..  PULLED AT A DEPTH OF: " 1241 .0 FT. SHOWED-A CORROSION RATE OF

Approx 1.4 LB/FT%/YR..__ trace __ __CARBONATE._: - positive " SULFIDE. "

¥

. "CVOUPON NUMBER ____ = PULLED AT ADEPTH OF FT. SHOWED A’CORROSlQN RATE OF
T : . ,
LB/FT2?/YR. . - : CARBONATE . SULFIDE. .
"COUPON NUMBER _ ' __PULLED AT A DEPTH OF_ ' __FT. SHOWED A CORROSION RATE OF .
: LB/FT2/YR._: . - - CARBONATE : SULFIDE. -
L - _ . R - y
R4 ‘

The measured corrosion rate on this ring was 1.7; however, at
“sast 207 of the weight loss was due to mechanical.erosion by

i ad solids,. giving a true corrosion rate of about 1.4 1b/ft2/yr. F““*m9°w’h'cmv”sw"’“"b”*""'"
‘various units for steel coupons (specnhc gravity
H2S was ‘encountered two -days before this ring was pulled. Zinc 7.86):
r~arbonate has been used to treat for H2S durlng drilling since mpy = 24.62 X 1b/12/yr
. 1at time, i . mpy = 5.03% kg/m2/yr

1b/f12/yr = 0.04 % mpy
Ib/h2/ye =. 0,20 X kg/m2/yr
kg/m2/ye = 0.20 X mpy
|kormasyez 450 1b/irz/yr

’ PLEASE CONTACT THE OPERATOR AND CONTRACTOR CONCERNING THIS REPORT. -
GNED &\9 \/ TITLE REA - 'PHONE NUMBER
' Sales Engineer ° 801 l 262-9954

ulSTR'BUTION:-

AREA ENGINEER
FILE
ENG, MANAGER

i

ENGINEER
FIELD

FILE

EXTRA COPY

NA AN -

(NN ENN

'



orrevpvveny | (DRESSER) - T e : - _
’ > j . .o -, _ .

I bt . 3 CORROSION REPORT - o L ffeavel o _ coa‘nolmo’r;mzno'nr NoT
1 1-979.2 - ) - e : i v . F.___L_45.l.6.._
- Union 0il Co. S MAGCOBAR DIVISION

FIELD CORROSION LAB:’

BXXXBOX 1020 Atherton. Dr., Suite C—201

CITY, STATE AND 2!1P CODE

(Loffland Rig 5 - IR o Salt Lake City, Utah 84107
SUBJECT WE\.L . - : . NUMBES ) - AREA
. C.F.S. u. 31-33 . . i Salt Lake
j~npv 70 - coPYy TO S
. Harold Moss T Steve Pye. . ) Dee Thomas Jim Fox " Tom Cox
copy 70 C i S coPy 1O ‘ i . _ v
- Bennet Smith : Ralph Bowie. .- | | - Art Vincnet ‘Dee Slaugh. Bob Perkins

T_HIS_ wiLL CONFIRM THE CONVERSATI_ON CONCERNING THE CORROSION RING(S) FROM THE SUBJECT WELL.
Y ’ N

pulled 6-27- 78

[ OUPON NUMBER__479 . puLLED AT ADEPTHOF___ 2019 ' FT. SHOWED A CORROSION RATEOF
1. 0.2 __LB/FT%YR.__. trace ' . CARBONATE__ negative SULFIDE.

pulled 7-5-78

COuPON NUMBER___708 PULLED AT A DEPTHOF__. 3728 FT. SHOWED A CORROSION RATE OF
(o A2.78 LBAFT2/YR.____ positive ~ _CARBONATE mnegative SULFIDE.

P } ) 45 o
COUPON NUMBER__ 1768 PULLED AT A DEPTH OF 4570 - 1. SHOWED A CORROSION RATE OF -

: 8.01 - yB/FT2/YR. - Ppositive . CARBONATE - hegative SULFIDE.

i.; Ring #708 was run after switching to air drilling with water
inJectlon. Anmonia, caustic, -and Unisteam were used for corrosion

r~ontrol during this interval. Some of the weight loss on ring _
.08 was due to mechanical’ damage. The- actual- corr031or_1 Tate WaS [ Following ore the conversion rates belween the

estimated to be something over 30° 1b/ft2/yr. During the run of ;oég;“ units for stoel codpans gpecilic grovity
ring #1768, sodium nitrite and caustic were uséd for corrosion . mpy = 24.62 % Ib/H2/ye

{ mtrol. Both #708 and #1768 were scaled with calcium carbonate;, mpy = 5.03 X kg/m2/yr

i-on carbonate, and Magnetite. - . B Ib/12/yr = 0.04% mpy

Ib/f12/yr = 0.20 x kg/m2/yr
kg/m2/ye = "0.20 X mpy
kg/m2/yr = 4.90 x |b/hz/,.

PLEASE CONTACT THE OPERATOR: AND CONTRACTOR CONCERNING THIS- REPORT
INED ( b \ TOTITLE . REA . PHONE NUMBER
_ . 26628 . .
@ \' . Sales Engineer o 801 262-9954

unSTRIBUTlON

1~ AREA ENG(NEER' . . . . _
"2 ~ FILE . 3 . N
_:! - ENG. MANAGER
‘4 -~ ENGINEER -
i Is~rFELD
¢~ FILE
1 - EXTRA COPY

o
{ 3
H

N e = * e o e e i e e e e e 1 ey




{ o mrmmpavwads I(D'?E-SSEkDI .

CORROSION REPGRT'

NfoaTe

°i.4,"5

_Unibn bil Co.

[FROM

'MAGCOBAR DIVISION
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" THIS WILL CONFIRM THE CONVERSATION CONCERNING THELCORR‘OS_LC;N RING(S) FROM THE SUBJECT WELL.

pulled 7- 8—78

| ouPoN NUMBER__ . 19326 . ° pULLED AT A DEPTH OF
842 yssrze positive.
i COUPON NUMBER 470 . PULLED AT A DEPTH OF

.positive-

CARBONATE

4540 _FT. SHOWED A CORROSION RATE OF

SULFIDE.

negatlve )

- pulled 7-11-78

8.01 LB/FTZ/YR.

COUPON'NUMBER__ 1767-.-.”

! 7.48 LB/FT2/YR.

bositivé_

PULLED AT A DEPTH OF.

CARBONATE

4828 . FT. SHOWED A CORROSION RATE OF

SULFIDE.

positive

pulled 7- 13 78

CARBONATE:

- 5009 - -~ fr. SHOWED A CORROSION RATE OF .

negatlv_e . SUL_FI_DE.

'

Doy
e —

. Rings. #19326 and #1‘7_67 were scaled with Iron: Carbonate,’ Caiciiim

| Following are-the conversion rates beétween the
vorious units for steel coupons (specific gravity

carbonate, and Magnetite, #470 had small amounts of FeS on its 7.86):

mpy = 24.62 % 1b/H12/ye

urface ~ an 1nd1cation of H3S in the system. #470 was also scaled mpy = 5.03 % kg/m2/ye

i'

with Iron Carbonate and Magnetite.

Ib/ft2/yr = (.04 X mpy
Ib/612 /yr =2 0,20 % kg/m2/ye

kg/m2/yr = 0.20 % mpy
kg/m2/ye = 4.90 x Ib/f12/yr
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Mr. G.-W. Hendricks ; Memo:. . ESPP 78-110M

To: .
Mr. D. L. Ash
Date: : : . .
From: - i : :
. D.S.Pye—" _August 29, 1978 -
W. C. Allen - o
N : ' S Project: L
pw§mn. Exploration & Production Research . e . 638-18810
S ‘ S DA : 638-67226
Subject: - CORROSION CONTROL ON CFSU #31-33; Supervisor: - - R, F. Krueger
LABORATORY TESTS AND FIELD RESULTS T : ' o '
‘cc:ljbraryk2)».
Patent’
Carl Cron _
M. M. Ellis

R. O, Engebretsen
P. W. Fischer

'D. E. Pyle

Durirng the drilling of CFSU -#42- -7, corrosion was recognized as a severe

-problem during aerated water drilling, and various chemical methods of

1nh1b1t10n were attempted. ~Unfortunately, the problem did -not respond
to any-of the treatments, and the drill pipe was severely. damaged.
During:the time lapse between the completion of CFSU #42-7 and 'the
drllllng of CFSU #31-33, various methods ‘of corrosion céntrol were.
studied. in-the laboratory, and the most- practlcal method was selected
for use during the drilling of CFSU #31-33. This report summarizes the
laboratory studies and the field test in CFSU #31-33. : '

CORROSION WAS REDUCED BUT NOT CONTROLLED

WITH SODIUM NITRITE (NaNO,) AND'CAUSTIC

-~ DEVELOPMENT OF AN INERT GAS SYSTEM‘IS'RECOMMENDED

Our laboratory studies showed that using sodium nitrite (NaNO,) and
maintaining a high pH with caustic was the most cost effective. of the -
corrosion control methods that would be available by the time well CFSU-
#31-33 was drilled. This method effectiyjely. reduced -the corrosion rate -
while' drilling this well from, 43 1lbs/ ft"/yr (obtained with a standard
inhibitor system) to 8 lbs/ft”/yr. However, this corrosion rate is
still unacceptably high (allowable rates are 2#/ft"/yr), especially
since thlS oxygen corr051on problem forms pits which accelerate drlll



. pipe damage far beyond what would occur' if the corrosion occurred' . ~

uniformly. Consequently, 33 joints:.of ‘drill pipe were downgraded at the

end of this well due to corrosion pits, even though we spent over $68,000 ..

" on chemicals to control this corrosion. However, we have estimated that

120 joints would have been downgraded, and fishing jobs would have

- resulted* had we allowed the corrosion to continue at the 43 1b/ft"/yr
rate. :

There are a number of possible explanatlons for the higher corrosion:
rates and the drill pipe loss. - They are listed below from the most"
'probable cause’ to the least probable cause:

1) ‘_LOss.of pH in the return fluid_due to.CO stripping, formation
water dilutioq, and reaction with drill cuttings. :

2) . Reduced ‘inhibitor effectiveness eaused‘by both the concentration
and‘type of dissolvedfsolids in the drilling fluid.

3)  Inability to maintain the desired pH and NaNO concentrations 100%
of the time due to occasional system upsets. o

Since 1 and 2 are not usually countrollable in a drilling operation, we

will be unable to economically control corrosion with chemical inhibitors

'in many cases, .and we will not be able to predict ahead of time when or- if

corr051on can be controlled. .

ConSequently, we believe that a more universally usable system should be
developed' The one that appears:most economically feasible at this time
is the use of combustion gas, :and we recommend that a commercial’ system '
be developed -and tested as soon as possible.

. CHEMICAL TREATMENT FOR OXYGEN CORROSION DURING

THE AERATED DRILLING :OF CFSU WELL #31-33

Well CFSU #31-33 was drilled without. using air assist down: to 2019 feet

and air assist was initiated at this point. The initial corrosion

.ccontrol program consisted of maintaining a pH at the suction in excess of ll
and injecting approx1mately 2000 ppm of Unisteam (a proprietary corrosion. in—.
hibitor) and 2000 ppm of concentrated NH,OH. This was a program which had been
used successfully in another area, and we wanted to utilize this method s
until the corrosion rates justified converting to the sodlum nitrite .
(NaNO ) method which would be much more costly

The corrosion ring- .data for the aerated portion of this well'is summarized:

in TABLE 1. The portion of the hole from 2019 to 3728 used the Unisteam NHAOH
" caustic system. Corrosion was fairly well controlled by this system o
from 2019 to 2920, but went. completely out of control in the interval-

from 2941 to 3728. -The sodium nitrite program was 1nst1tuEed at 3728,

and markedly reduced the corrosion rates (from 43 to 8#/ft°/yr).

However, the corrosion rages (8#t/ft /yr) were still well above ‘the

acceptable llmlt of 2#/ft /yr. :




POSSIBLE REASONS WHY THE CORROSION RATE
'DID NOT REACH ACCEPTABLE LEVELS '

There are two p0381b1e reasons. why the corrosion rates were not reduced

to acceptable levels:

1. Upset-conditions which allowed the eoncentrations of NaNO2 and/oru

pH to drop below the critical level part of the time. :

2. Differencee between thedchemicalﬂcomposition of the drill water in
CFSU #31-33 and the test solutions used in the laboratory. - The dif-
ferences made the corrosion problem more severe in CFSU #31—33.

_TABLES 2 and 3 llSt data from monltorlng and chemlcal analyses of the
drilling ‘fluid durlng drilling. .

Although we did not have-a ‘continuous monitor of NaNOy : concentratlon,
estimates made from TABLE.2 would indicate that the NaNO, - concentration
~at the suction 1line was below 1.5 1lbs/bbl, 7% of the time during bit run 1
(7/5-7/8) and 0% of ‘the time during bit run 2 (7/8-7/11). We did have a
continuous monitor on pH, which indicated the pH at the suction was

below 10.0, 2% of the time durlng bit run one and 6% of the time during bit
run 2. The return pH was below 10, 100% of the time, and the return NaNOzA
concentrations were below 1.5, 50% of the time during bit run 1 and 0% of
the time during bit run 2. Although having the concentrations below the-
desired. amounts part of the time may be partly responsible for the

higher corrosion rates, the large quantities of totally dissolved solids
(TDS) and chloride ion (Cl ) content were more likely candidates . As
shown in TABLE 3, . the TDS was as high as 10,000 ppm. A total analysis
was not made as frequently as Cl analysis, -and TABLE 2 shows a maximum
Cl™  concentration of 5500 ppm. This was considerably higher than the .
concentrations in CFSU #42-7 which reached a maximum TDS -of 9 400 PPm
and C1~° concentratlon of 2450 ppm. :
Since the literature ‘indicates '’ that'an increase in Cl1  is one of the
primary problems in controlling oxygen corrosion, we increased the NaNOZ_'
concentration, but without knowing how high we should go to achieve
control.. From the corrosion rates observed, one might conclude that
we did not go high enough, or that NaNO, will not be able to. control the
corrosion in the presence of the dlssolved salts encountered in the

drill water in CFSU #31-33. '

One of the ma30r problems,ln controlling the corrosion was the inability

to control or maintain a high pH in the returning fluid as shown in’

TABLE 2. Although we were able to obtain reasonable concentrations of

_ NaNO_ "in the return fluid, the pH was -always below that required for
adequate inhibition. . There are a number of probable causes for this pH

reductlon. . : :

1) dilutioﬁ with formationAweter'

2). reaction with drill cuttings



3) reaction with gas (primarily COé) produced from the weil."

. Based on the observed reductions in NaNO, concentrations, dllutlon w1th
- formation waters would not be adequate to explain the pH reductions
) encountered but it.is undoubtedly responsible for part.of it. Reaction
- with the drill cuttings is.an unknown. -Reaction with CO, is a definite-
possibility since the produced CO, concentrations were hlgh “but both
the CO, effect and the reactions with the- cuttings are. difficult to
' quantl%y -

" From these data (TABLE' 2), we know the pH in the return fluid was -
.always .below: that required for inhibition at the surface, and was almost ..
always high enough to- achieve 1nh1b1t10n at the bit (since no loss in pH’
should occur going down the drill pipe). What we don't know is the pH
profile in the annulus, and where the pH dropped below the critical point.
Conseqoently; we don t know how severe: the corrosion problem was on the
on the inside of the drill pipe’ where the pH is controlled. ~As will be -
seen in the next section, the damage ‘to the drill pipe exceeded’that
which would be expected from the average metal loss determined from the
coupons, . and an increase in .exterior corrosion due. to low pH would be

one of two plausible explanations for this difference. - The other explanation
involves the difference between an average metal loss (uniform over the
‘surface area as calculated from the coupons) compared. to the metal loss
being concentrated over a smaller pitted area. Pitting is characteristic
of oxygen corrosion. o

DRILL PIPE LOSS‘AND'ECONOMICS‘

"At the end of this well, 33 joints of pipe were downgraded due' to pitting
caused by corrosion (TABLE 4).  We estimated that 120 joints would »
probably have been lost if - “the NaNoO,. ‘inhibitor procedure had not been

" used.... Since approximately $68,000 In chemicals were used in this corrosion
control attempt, the cost-is about at :the break-even point compared.to
purchasing drill pipe. ' However, the damage would have been'so severe on’
some of the drill pipe (2 joints went to junk as it is) that failures of
the drill string (fishing jobs). probably would have occurred, along with
damage to the casing.A Because of the possibility of fishing jobs and .
casing damage, the corrosion control costs were economic, but large

- increases in chemical costs beyond what was spent on this well would
1probably not- be Justlfled :

ESTIMATING DRILL PIPE -LOSS FROM COUPON RESULTS, AND »i
" A COMPARISON."TO ACTUAL DRILL PIPE.DAMAGE ENCOUNTERED

TABLE 5 shows the number of joints that would experlence a given thickness -
reduction,<both for the present well CFSU #31-33 and the last well
CFSU #42-7. .



" TABLE &4 ‘shows the amounts of drill pipe. that were downgraded for each ‘well.

Comparlng TABLE 4 and TABLE 5 drill p1pe was downgraded when the average

metal loss exceeded about 9 mils in CFSU #42-7, and 12 mils in CFSU #31-
33. When drill pipe is downgraded on the basis of pitting,’ the transitlon

between premium and grade II is specified as approximately a 70 mil '
loss from nominal thickness, the tran31t10n between grade II and grade 111

occurs with approximately a 120 mil loss from nominal thickness and the .
transition from grade .III to junk occurs with approx1mately a 155 mil

- loss from nominal thickness. Since the drill pipe was downgraded at ‘an

average loss between 10 and 12 mils, either the pitting was very severe,

or the coupons do not accurately. reflect the corrosion rate on the :

. exterior of the pipe. - What has actually occurred is probably a comblnatlon
‘of both explanations, but oxygen corr031on is a pitting type corrosion,

and it would not be unreasonable to expect that the majority of the

average metal loss was actually OCCUrring over only 15% of the surface
area, which would explain the amount of drill pipe lost when only a 10 .

to 15 mlls average metal loss occurred. ' :

One final uncertalnty should be noted from TABLE 1. The corrosion rates
based on air time+“decreased 51gn1f1cantly when NaNOy was introduced, but
climbed when the a1r time/total time was reduced.: This indicates there »
are other factors contributing to corrosion besides oxygen, and that some -
' corrosion rate exists (2~ 4#/ft2/yr) even with no oxygen present. This
‘assumes that.no oxygen was present when air was not injected, because an
oxygen scavenger was used during these times. However, these rates may

. also be due to an inefficiency in the oxygen scavenger, as we didn't
measure residual oxygen contents, and there may still have been re51dual
oxygen present.

THE CORROSION PROBLEM INCREASES IN SEVERITY WHEN
AERATED WATER IS USED AS THE DRILLING FLUID

Oxygen corrosion-is a problem in almost all drilling operations.- -Normally
the oxygen is present in only small quantltles due to oxygen in the air
~ dissolving in the drilling fluid at ambient conditions, and corrosion is
normally curtailed by removing the oxygen from the drllllng flu1d by '
elther chemlcal or mechanlcal means.

When well condltlons dictate that air be injected with the drilling
fluid, then oxygen. is present.in solution in large’ quantltles due to the
increased ‘solubilities-of oxygen at the elevated pressures that exist.
downhole.. Neither-chemical nor mechanical removal systems are operable =
under these circumstances, and 1nh1b1tors must be used. An inhibitor in. .
"this case .is defined as a ‘chemical which’ prevents the ‘oxygen from reaching.
or reacting with the surface of the pipe; but- does not remove the oxygen
from the drilling fluid.

CORROSION'CONTROL OPTIONS THAT WERE CONSIDERED,
. AND THE LABORATORY.TESTING OF PROMISING SOLUTIONS

Numerous methods of controlllng corrosion were considered Candidates
were rejected based on:



2) Ava1lab111ty - the method had to be operational for the drilling of -
CFSU #31-33.

3) Ease of Use ~ The method had to be safe as far as personnel hazards
‘and the -environment. .

4) ;Wide Range Tolerance =~ Since the conditions (temperature, pressure;
chemical-composition of the water, etc.) were expected to vary _
>w1dely, the method should not be overly. sensitive to these changes. -

Non;Oxygen Containing Gases

10ne eeftaln way of preventing oxygen corrosion is to use a non—oxygen‘con;'
taining gas to replace air as the gas phase in the drilllng system. Three
candldates were'cqns;dered natural‘gag,'nltrpgen, and- combgstlon gas.
'Nateral gas,was discarded because: |

1. It is ot readily available.

2. It representsna potentlalmperSOnnel:hazard.

.'jl.v It is eostly. | | |

' Nitroged was discardeebbecause:

1. Its cost would exceed the-value of the drill pipe.

2. It was marginal whether an adequate con

inuous supply of the required
volume could: be maintalned o . :

This left combustion ‘gas. Combustion gas is readily avallable from the -
diesel engines on the rig (no cost), and it is not hazardous:to.handle.
However, it does contain oxides of carbon, sulfur and. nitrogen, residual" hydro—
carbons and unreacted oxygen. Therefore, it réquires treatment to make .

it a truly non-oxygen containing gas.. It also requires treatment before it
can become a tolerable charging gas for compressors. (The gas- used in

these drilling systems must be compressed up to 800 psi in order to be
~injected into the drilling fluid.) The effect of the acid gas components
must be negated, or they will cause mechanical problems. with the compressors.
‘Although the technology for this system is theoretically available, no such
system now exists, and there was no way to build an operatlng system w1th1n
the allowable time frame. :

.Consequently, we were again forced to rely on chemical inhibition for
corrosion control.



'ChemicaltCorrosion Inhibitors

TABLE. 6 summarizes the. results of our laboratory inhibitor studies. " Since
we are not reproduc1ng the field system in the laboratory, these corrosion.
rates should be compared relatively and not assumed to be the exact rates
we would expect to -find in the field. There are a number of 1nterest1ng
observatlons which can be made from these data. -

First the concentratlons requlred to achleve inhibition are many orders r
magnltude above the concentrations the literature indicates is. appllcable-.:'
However, the drilling fluid used in these tests was simulated from an

analysis of the waters present in CFSU #42-7, and these watgrs contain
“dissolved solids, including chloride salts. - The literature” does show that
inhibitor effectiveness is reduced, and .concentrations must be raised when
chlorides are present, but ‘the concentratlons found in the llterature are '
still well below those we found.requlreduln our test‘work

, Consequently, we can conclude that ‘none of the chemical 1nh1b1tors 'will

"pass our fourth criteria, -wide range tolerance, because they are sensitive

to drilling water composition which we know will® fluctuate from past experlence(
However, since use of chemical inhibitors is the only viable method at this
time, we de51gned the concentrations to provide inhibition under the worst -
conditions encountered in CFSU #42-7. Unfortunately, this turned out to .
cause problems, because the conditions in CFSU #31-33 were more severe than

the worst conditions in CFSU #42 7.

Sodium n1tr1te was selected as the 1nh1b1tor for the fleld test based on ,
the data:in TABLE 6. This conclusion is also supported by ‘data that Dresser
" Industries obtained for us in their test system. whlch is entlrely dlfferent4

Cf the otherycandidates:

1)  Amines-were eliminated because they were, not effectlve at practlcal
concentratlon levels. ‘

2) -Chromates were. ellmlnated because they create environmental problems,
and they are not cost effectlve compared to nitrites...

3) Caustic (high pH)‘was eliminated because it causes personnel hazards. "
At pH levels exceeding 13, chemical burns will result from even short
duration skin contact. - o : ‘

4) Silicates were eliminated because:

a) : they resulted in an 1ncrease in the corros1on when an under treated
' condition existed :

b) very high -concentrations were required .
c) they are difficult to handle. .

d) they may cause unknown‘precipitatioh'problems}



LABORATORY TESTS ON SODIUMdNITR'ITE (NaNOy) .

Once NaNO was. selected as candldate inhibitor, more ‘extensive tests _ _
were conducted to define the 1mportant parameters which control its effec-
‘tiveness. - Unfortunately, there was insufficient time to do all the desired
test work prior to drilling CFSU. #31-33. . The important parameters are:

1) The composition of the ‘drilling fluid, which was set at the worst con-
, dltions encountered in CFSU #42 7. for these tests.

2)  The concentratlon of the~NO2 1on.

3)  The pH of the drllllng fluid (the OH ‘ion concentration);
TABLE- 6 and FIGURE 1 show the results of the data we accumulated on NO, con;

centration and pH. These indicate that a minimum specification would be a
concentratlon of 1.5 #/bbl NaNO ,and a pH of . 10 0. :

However, due to the shape of the corrosion rate versus concentration curves,'
an adequate margin of safety must be 1ncorporated The..data show that the -
corrosion is either controlled, or proceedlng at -an -extremely rapid rate.

Since there will be concentration fluctuations due to system variations and _
upsets, the target concentration must be high-enough to allow the fluctuations
- to occur without the minimum concentrations falling below the crucial level.
Consequently, the initial target concentrations were set at 2.6 1lbs/bbl NaNOy
~and 11.5 pH.

More testing 1s needed and should be done before nitrite ‘is used as an-in-
hibitor again. The concentrations of the dissolved solids, N02 , and OH are

- all interrelated. 'We- should develop a ternary diagram deflnlng the concentra-
thons of OH ‘and NO ‘whlch result in effectlve inhibition in drllllng flulds
with various dissolved solids contents. - We currently only_have sufflc;ent
data to define one point .on this curve. o . R

REFERENCES

1. Letter from H. E. Mallory of Loffland Brothers Company, Tulsa, Oklahoma"
to Stephen Pye, Unlon 0il Company, Brea, Callfornla, dated August 21 1978.

2. M. J Pryor and M. Cohen, "The Inhlbltlon of the Corr051on of Iron by
* . Some Anodic Inhibitors", Jo. of the- Electrochemlcal Soc1ety, Vol 100,
No. 5, 205 £1953). :

3. 0. L. Riggs, Jr., J. D. Sudbury and Merle Hutchlson,'"Effect of pH on
- Oxygen-Corrosion at Elevated Pressures' Corrosion~Natlonal Assoclatlon
of Corrosion Engineers, Vol. 16, 94 (June 1960).

4, vLetter from Tom Co6x of Dresser Industrles; Houston, Texas to Stephen” Pye,
- ‘Union 0il Company, -Brea, California, dated June 21, 1978

(D% VA



CTABLE T

CORROSION COUPON TEST RESULTS |

‘ Corre
- : o Time Spent Drilling RateAf
. o : Original Final . Corrosion . (iacluding a ?". !
In Out Depth  Depth Weight “Weight, Total Rate, 1b/ : connections) : njec
Date Time Date Time in out . grams grams Hours sq.ft./yr - Remarks with air without air Trip Other _ Tin
6/28 2200 7/1 2000 2019 2920  138.3556 136.8368 70 - 4.49  CaCOy, FeCO, 62.0 - 6 2 4.8
: . . - magnitite o .
- - . o : light pitting . _ . o ,
7/3 1030 7/5 ° 1620 2941 3728  135.8783 123.9178 54.8 42,78 . Mechanical damage 45.5 0 3.3. 0 51.5
S : o ’ _ © -Same scale , : - IR
715 1630 7/8 0800 3728 - -4540  133.2101 130.6132 " 63.5 8.02 Same scale 48 ] 16 0 "~ 10.6
7/5 1930 7/8° 0800 3728 .'4540 . 137.6394 135.1797 0.5  8.42 Same scale . 48 0 12.5..0 10.6
7/8 1300 7/11 0200 4540 4828  135.6897 133.1959 61 - 8.01  FeS, other scale . - o S
S o o - 4 the same 25 3/4 0 27 81/4 19.0
711 0200 7/13 1600 4828 5009  133.6703 131.3051 - 62 7.48 . Same scale 5 9 S22 26 92.7
7/14 - 7/18 1000 5009 92 CaC0,--no air in- . 0 30 30.5 31.5 ®

1400

5221

134. 2887

133.7432

1.76

jection during this.,

time, drill pipe
pulled in casing
during “other".



CHEMICAL MONITORING OF THE DRILLING FLUID

NaNO; cl
Concentration, Concentration,
pounds/barrel pH . ppm
Date Time Depth Suction Returns Suction Returns Suction Returns’ " Remarks .
7/5 2100 3.6 . 12 .
. 22207 3.8 -
2230 : 11.8
2300 2.0 - - N
2330 - - 2.82. 1.08 - 11.2 7.8
2400 1.74 1.26  10.7 7.9
7/6. 0030 - 1.80 1.68 1.4 - 7.8
0100 .. 2.28 : ' 11.4 .

~ 0130 2.58 1.02 11.5- 8.3
0200 - 2.82 ' 1.4 .

0230 1.92 1.02 1. 7.9

- 0300 2.52 ’ : 1.3 '

0400 - 3.00 - 1.6

0430 . 2.0 . 7.8 )

0500 3.54 1.7 No returns. -

- 0600 2.10 1.8 _ .
0700 . 1.74 o 10.5 : Tripping jet sub.
1200 1.38 1.56 11.4 7.4 . Intermittent returns.

- 1300 3.24 ' 11.0 ' » :
1400~ 3.78. - 12.1 B
1500 1.98 - - 11.8 .. 1000 .

1550 - - .o 1.92. E 8.1 2500

1600 3.6. . 11.7 : 600 :

1700 - 0.6 . 11.7

1800 2.91 11.5 : -

1815 Started injecting:
ammonia

1900 - 1.5 1.4 : Co

1915 - 1.3 . 8.1 . 1750

- 1940 0.96 7.6 2600
1950 - 1.20 7.7 3000
2005 . : 1.05 7.8 3300
2015 2.16 "1.05 11.0 7.9 2000 3500
2100 .- .1.80 - 0.75 10.0 - 7.4 2700 - 3800. -

2130 2.4 1.26 - 1.2 8.0. - 3100 . 4600
2200 . 2.4 1.65 11.0 °~ 8.5.-- 3400 = 4300
2300 2.1 1.20 1.1 8.1 - 3700 - 4800 -
2400 4073 2.25 1.35 . 10.9 . 7.4~ 3800 4600
7/7 0100- 4096 2.43 -1.86 1.2 8.3 3300 - 3800 Two compressors on =
0200 4107 3.00 . 2.40 11.5 10.4 3400 - 3500 ‘at 0145.

. 0300 4125 2.85 1.65 10.6 8.6 3500 °  "4000 ' oo v
0400 "4136° 2.70-. . 11.0 3900 . One "compr.- at 0400.
0430 4148 .1.35 8.2 4400 ’ ‘
“0500 4158 2.85 1.05. 1.4 8.5 3800 4600 Two conipressars
0600 4172 2.46- 2.25° 1.6 . 9.6 3600 4100 at 0530.

0700 4196 2.58 1.65 11.5 8.8 3900 - - 4200 :
0800 4215 3.00°  1.59° - 10.5.. 8.8 3900 . 4400
0900 4237 . 3.45 2.0 11.0° 8.8 4150 - 4450.
1000~ 4255 . 3.78 -1.80 10.8 = - 8.6 4200 . 4800 -
1100 4269 2.10 1.26 10.8 8.3 4500 5250
1200 4293 2.61 . ° 1.56 10.7. 8.9 4500 - - 5000
1300 4309 3.00 . 1.80 10.3 8.6 5000 : 4350
1400 4325 3.30 .  1.35 11.0 8.6 4500 .- 5500
1500..4340 . 3.51 1.95 11.3 8.7 4340 .. 4750
1600- 4350 3.33 1.44 11.6 9.0. 4450 -~ 4750 .
1700 - 4382  3.45 .1.50- . 10.8 9.0 © 5200 - 5300
1800 4397 2.88 ° 1.80 10.4 8.5 . 5000 - 5200
1900 4422 2.94 <. 1.56 1. 8.9.. 4900 - .. 5100

2000 4436° 3.00 1.8 " 1.2 9.0 - 5000 5100
2100 4460 2.58 1.50 11.8 .8.5 5400 & . 5300
2200 4481 - 2.64 1.56 11.5 8.7 5300 7 .5200 |
2300 4491 2.25 ~1.20 12.4 8.6 5300 5100

D

Tenera PaAThe St e+l %

P -
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. TABLE 2
(Continued)

‘NaNo, . ' e . c1-
Concentration, . ' . Concentration
! § . pounds/barrel " - . pH - ppm . . '
" Date ~Time " Depth Suction. Returns Suctien .Returns- Suction Returns . - Remarks

. 7/8- 0100 4531 3.30 . 1.26 - "11.7 8.5 5100 = ~5300 =~ - = IR
C 0200 4544 .3.24 . . 1.35 11,5 8.6 . 5150 5200 Trip--33 stands
A A : , ' T - looked all right; no
~magnitite. ,
:32 stands and.the .
drill collars looked -
- bad with magnitite

o g L B .growth.. -

1730 3.63 - 1.4 4700 L

1800 - 3.69 . L 11.6 = - 4600 - . )

1900 - 3.9  .1.05 1.2 8.3 :. 5000 . 5100 - R

2000 3.69 1.20 - 11.4 8.4 4900 = - 5300 - -Pipe stuck about 30 -
- - : o T " . minutes. -

© 2100 4544 - 3.45 1.59+  11.2 -~ 8.3 4800 "~ 5150 - : .

2200 " 2.94- S | Y S - 4950"

2300, . - 3.69 - - 10.8 5050 -

"2400° 4580 .3.57 " 1.74 S 11.2 - 8.9 . -15200 .

7/9 . 0100. 4600. 3.69 . 1.92. 11.5 - 9.1 5100 % '
020074610 3.60 - +2.10 . -11.6 9.4 = 5000 . 5200- o

0300. 4635 ~ 3.63 - 1.65- 12.8 9.1 5200 5350 - " Trip

- 1200 4635 3.6 - 11,6 4900

1300 4670 4.41 . 2.46 - 11.6 9.5 4750 4750

1400 - 4692 ~.3.90 2.25 11.6 8.4 5000 - 5000

1500 4701 3.84 2.64° 11.7 “8.6 4750 - 5000

1600 4720 4.08 3.3 1.5 - 11.2 4750 5000,

1700 -4731  4.17 2.4 . 11.5 - 8.6 . 4700 - .5500 .

1800 4753 .3.72 2.1+ 11.4 - 8.9 . 4900 - 5100

1900 4765 3.90 2.25 - 1.7 8.7 5000 . 4900 - ‘

. 2000: 4782 - 3.69 - 2.52  11.6 8.6 - 4800 5200 - © . '
- 2100 4796 4.05 - - 2.70 11.5-. 8.8 "4700 - - 5300 ~ Unable to clean out .
_ o o : o _ : and make connection.

2200 4796 - 4.20 - - 2.10 11.8 - 8.5 4400 - 4500 . S S :
2300 4796 _-4.08  2.25 11.8 . 8.0 . 4500 - 4600 -

2400 4796 . 4.08° . 2 8 8.1 ’

00 . 4700 4600



 TABLE 3.
CHEMICAL ANALYSIS* OF RETURN FLUIDS FROM
' EFSU WELL #31-33

Data are in m11]1grams/11ter unless otherw1se noted '

. Fe -

Date ..;., ... June 30

Wy s

0.051

July 1 Sduly 7 July 200
Depth, feet _ - 2455 2825 3720  ..4170 3000':
Turbidity, NTU * - 150° - 260. . 200 - 390 . 80
Conductivity, umhos/cm 11,700 11,780 12,300 15,380 2035
pH 8.77 7.38 7.94 ©  9.79 7.44
TDS : 7600 7655 8000 10,000 130
A]ka11n1ty as CaCO3 } 836 _ 394 . 210 1440 200
As 0.970 0.379 1.131 5.707 - 2.991"
HCO3 . : 888.1 - 480.6 = - 256.2 658.8 244
' ‘ 0.07 - 0.29 ©-.0.16 0.47 0.15"
B T 0.15 0.30 . 0.25 0.50 0.20 -
Cd el ©° 0.004 - 0.006. 0.007 - ..0.045 - 0.040
- Ca - o © 5,60 © 200 .. 62.4. 14.4 - 74.4
€0y - 4 . 64.8 <0.01 " <0.01 540" <0.01
a1 o - 3440 3550 - 3430 3900 . 502
Cr ‘ I <0.001 -<0.001. -+ 0.048- 0.006 - <0.001
Cu - ’ 0.065 @ 0.049 0.077 "0.166 - 0.914
Surfactants - <0.05- <0.05 . <0.05 = " <0.05 . <0.05
F. - : 3.10 3.20 2.90 - 3.60 - 1.03
L1’ o 12.05 12.46 - 11.62 13.31 1.164
. Hardness as CaC03 s 24.0. 560 - 188 . . 20.0. 266
‘ 3.20 8.78 1.7 10.6 2,154
Pb . - 0.345 0.350 0.345 0.420 0.006
: 2.40 "14.40. - 7.68 3.36 19.2 -
Mn 0.249 2.084  0.328 -0.016 ~ 0.043
Hg <0.0002 0.0002 . °<0.0002  0.0007  <0.0062 -
Ni 0.685  0.680 . 0.688 0.975 . <0.001
NO, - - - ' 0.04 0.03.% - 0.02 <0.01 045
) NO3 " <0.01 - <0.01 = <0.01 -<0.0] <001
KT : - - 423 452 - 465 443 56.2
Se - . <0.00 <0.00%. '<0.001 0.007 -~ <. 001
Si 77.5 25.5 - . 64 - 79 A
Ag : 0.026 0. 032f_ - 0.030 0.037 <0.001 .
SO0, . A . 272 720 - . 1000 760 187
Na : ' 2530 - 2475 2916 4000 355
In A ~0.084 -0.231

1 0.104

* Ana]ys1s was made by Ford Laborator1es,;

Sa]t Lake Clty, Utah: -



TABLE 4

"DRILL PIPE LOSS

CFSU Well 31-33 -

- 238 joints were inspected

- . Joints downgraded  Starting Grade  Ending Grade
17 , Premium 2.
Premium - - 3
T - - Ppremium - "5
mo 2 3
I 2 5
33 Total

CFSU Well 42-7

218 joints of premium pipe were inspected

Ending Grade

Joints downgraded Starting Grade
82 . . Premium
28 " Premium

117 Total -

7 Premium ..



" TABLE 5

“NUMBER OF JOINTS EXPERIENCING A PARTICULAR -
LOSS 'IN AVERAGE WALL THICKNESS AS CALCULATED
: FROM-THE CORROSION COUPON RESULTS

CFSU Well 31-33 ] CFSU Well 42-7

_ . - Thickness Lost, . _ " Thickness Lost
Number of Joints ‘mils ‘ Number of Joints . mils
- 330 0 33@ S0
7 0.3 B AT
8 1.6 4 2.9
18 3.0 11 3.9°
27 4.5 19 . 5.3
29b . 11.2 21 - 7.4
15 12.1 155, 8.4 -
147 : 9.4
21 s 10.2 -
22 . : 12.17
ae 13.6
11 . ~14.8
13 - ' 15.7
21 16.8

hé Calculation assumes the top 1000 feet of pipe-suffered no metal loss,

and that the remaining pipe suffered a loss equivalent to the loss
~ measured by the corrosion coupons which were positioned at the top of
. the: dr11] collar during the time that those joints of pipe were in the
. hole. " The total number of joints of pipe in the hole at any time was
assumed to be (average depth less 500 feet of drill collars and tools) = 30.
"It was also assumed that no corrosion occurred on the pipe before air -
”dri]ling'was initiated, and that corrosion only occurred on the exterior
of the pipe (the interior wds plastic coated). If the internal coatings
failed and there was corrosion on both surfaces, the average thickness
lost would be -twice: that in the tab]e

b - This is the approximate point where the number .of joints that were down-

- graded (TABLE 4) would fall, between 11 and 12 m1]s on CFSU We11 31- 33
and 8 and 9 m1ls on CFSU Well 42-7.



_ CHEMICAL CORROSION INHIBITOR TESTS -
‘ IN THE LABORATORY:

TABLE 6

‘ : Concentrations Used "Corrosion Rate ___pH
-Compounds Used pounds/barre]l 1b/sq. ft/yr Initial" Final
Blank -- 19.2 9.8 9.8
: ' _ - . 20.8 .

Unistean N, Ammonium 0.39,°0.39, 0.12, 22.3"
hydroxide, organic 3.9, 3.9, 1.2 5.5 11.5 - 8.8
phosphonate . _ o '
NaCr0,- 0.7 7.4 9.7 . 8.7
o 1.24 1.1 - 9.7 9.6
©1.75 . 0.8 ‘9.6 9.2
~ Caustic. . Quantity of caustic '50.0~" 11.0.  12.4
required was not - © 0.8 13.0 12.9
measured. Sufficient 1.0 13.5 - 13.2
.quantity was added to 0.2 . 14.0 11.0
obtain the desired I
initial pH.
Na,SO5 3.2 49.0 10.5. 12.2
Na,Si0, 37.6% 4.8 ©36.8 10.4 10.1
“active ' 9.7 0.2 . ’ o
NaN02<~ 0.35 22.1 10.5 10.9 .
1. . 4.6 10.5 . 9.9
1.1 o 11.5 10.5 10.6
NaNO,: 1.75. . 31.9 8.0 12.4
_ d1fferent pH 1.75 24.6 8.5 11.0
1.75 10.9 ~ 9.0 .. 10.1
1.75 10.0 - 9.5 .« 10.3 .
1.75 0.4 - 10.0 9.7
1.75 . 0.4 10.5 - 9.8
‘ - 1.75 0.6- 11.5 10.8 .
NaNO, , " NH40H 1.75, 3. 5 0.3 : 106.5 -~ 10.1°
~ NaNO,, Na,S0, 1.75, 0.35 0.3 10.5 9.2
NaNQ,., Na 503, organic _ o : 7 :
phosphona e ‘ - 1.75, 0.35, 1.2 _ 0.3 10.5 9.1
~ NaNO,, -Na 503, organic ’ : i :
»phosphona e, NH40H ~ 1.75, 0.35, 1.2, 3.5 0.5 - 10.5 10.1
NaNO," - 2.6 0.4 10.5 . 9.8 .
- 3.5 - 0.2 10.5 - 9.5%
3.5 0.1 10.5 - 11.0

* This test-was run for 64 hours.

Tests were conducted at 600-700 psig oxygen pressure at 450°F for 24 hours.

The test solutions consisted of a synthetic produced water from CFSU 42-7
ds. Coupons of J-55-were placed in the solutions in-

‘plus the added compoun
side Teflon™ bottles, and the coupons were used to determine the corrosion

rates.
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' ~ Don-Ash

‘Name __Union 0i1 Co. of California
' Address _P-0. Box 6854

"Santa Rosa, Ca. 95401 -

ot (Rosuitel!
 LABORATORY, INC.
> Bacteriological and Chemical Analysis
40 WEST LOUISE AVENUE

* SALT LAKE CITY, UTAH 84115
PHONE 4855761

—

DaAte:. August _10, 1978

- CERTIFICATE OF ANALYSIS
78-1803-1.

Analysis started on:

CFSU 31-33, 6-30-78, 2455 ft., received 7-11-78

Turbidity = - 150.0 Nmu-
. Conductivity - ‘ _l_l_iLumhos/cm
. A 8. .

.pH : — 7 _ Units

Total lo)issolved Solids - 7,600
© ot 180°C. . mg/1
*. Alkalinity. as CaCO. Eﬁ;p____mg/l '
- Arsenic.as As - 0.970  mg/1

Bicarbonate as HCO. .M;mg/I '

Barium as Ba | 0,07 -~ mg/

Boron as B - ' .ng/l :

Cadmium as Cd- ~ - 0.004 mg/1

Calcium as Ca ' 5.60 mg/1

64.8
3,440
<0.001

Carbonate as CO-
Chloride as Cl

Chromium ds Cr‘('l;oicl) :

mg/1
mg/1

T mg/1
<0.001

, mg/1 -
. 0.065 - mg/1

<0.05 “mg/1..
3.10 mg/1
- 12.05 mg/1

Chromium as Cr (Hex)
Copper as Cu .
Surfactants: MBAS
Fluoride as F
Lithium as Li

All reports are submitted as tho-confidential property of clients. Authorization for publication of our reports,
w‘r wrilten approval as a muluol protection to clients, the public and oursclves. . .

" Total Hardness as CaCQ,

lron as Fe (T&ta[)

- Iron as Fe (Filtered).
" lead as Pb
A _ Magnesivm as Mg
" Manganese as Mn

- Mercur>y as Hg -

Nickel as Ni
Nitrate as NOs-N -
Nitrite as NO.-N

Potassium as K~

. Selenium as Se

Silica as SiO.

Silver as Ag
Sulfate as SO,

Sodium as Na- .

Zinc as Zn

24.0 .

. 3.200 -
'0.347  mg/1
0.345 '
2.40°

0.04

-0.026 |

2,530 mg/l

‘mg,’1

vmg/l

mg/1
mg/1
0.249 - mg/1
£0.0002  mg/1
0.685 mg/1
;mg/l _
$0.01 mg/1 -
_mg/1
mg/1
mg/;l

{0.001

77.50

__mg/1 .
272.0 _mg/1

P

_Ford Chemical Laboratory, Inc.

. . .
conclusicns, or, extracts from or regarding them, is rcservedpjd-
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LABORATORY, INC.
Bacteriological and Chemical Analysis -
40 WEST LOUISE AVENUE-
SALT LAKE CITY, UTAH 84115
© PHONE 4855761

- Name .pnion 0il1 Co. of Cé]ifqrnia Date: AquSt 10f-1978

" Address _P-0. Box 6854

. — ‘ : 'CERTIFICATE OF ANALYSIS
Santa Rosa, Ca.. 95401 : 78-1803-2 :

CFSU 31-33, 7-1-78, 2825 ft., received 7-11-78

Analysis -'V‘Sfo rted.-on:

Ford Chemical Ldboratory, Inc.

All reports.ore submitted as the confidential property of clients. Authorization for publication of out reporls, conclusicns, or, extracts from or regording them, is reser:
Ing our wrilten ‘opproval as o mutual protection 1o clients, the public and ourselves. . . . .

Turbidity. 260.0  \ju - Total Hardnessas CaCOs  200-0  ngn
Conductivity 11,780 ___umhos/em | Iron as Fe (T;)fal) - %mgﬂ
pH 7.38 _ ynits Iron as Fe (Filtered) ' Bﬁ_*m;q/}
TYotal Dissolved Solids = - _ . : B : :
at 180°C. \ 7,655 mg/t Lead as Pb o - 0.350 - g
| Ali(ulinify as CaCO. : M;mg/] S Mugneﬂuﬁ as Mg ; ML_‘mg/\
Arsenic as Asv - ' 0.379 . —mg/1." Mangahese as Mn . L_M__mgﬂ
Bicarbonate as HCO, . 480:68 Lo . Meruryashg - . - £0.0002 gp
Barium as Ba ~ ' ._Egg,__;.mg/l - . Nickel.as Ni | »&6_80‘___;119/1
Boronas B - - .9;'_39,_'_'_mg/1 ' Nitrate as NO-N- | _ ng/’i
~ 'Cadmium as Cd 0.006 g1 Nitrite as NO-N - %0.01 g
.Cul'cium as Ca ... ) M_'mg/l : PofSﬁSium as K . . o . i&g___mgﬂ
~ Carbonate as CO; - £0.0Y  mg/1 . Selenium as Se o M;__mg/l :
Chloride as Cl 3,550 mg/i Silicaassio. - 25:50 " an
Chromium as Cr (Total) ~ $0.001  mg/1 = siverasAg . .~ 0:032 -~ nqgp
Chiomium as Cr (Hex) ~ €0:001  mg/1  sulfateasSO. - 720.0 gy
Copper as Cu o wL;mg/l - SodiomasNa - | __2_’_4_72___mg/l
Surfactants MBAS L‘OL;_EQH .. ZincasZn- ' , MEL____mg/l
Fluoride as F .2 mg/1 ; - - '
' Li,t:‘i;m as Li iz.gs' : mgjl | ,//ﬁy/p}/@/éé_

ved - pend-

_/
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" Bacteriological and Chemical Analysis
40 WEST LOUISE AVENUE.
SALT LAKE CITY, UTAH 84115

PHONE 485.5761

- Don Ash

T : : :  _ Dah:"Augusf 10, 1978
. Name __Union 0il Co. of California : . .

" Address 0. Box 6854 - } ,
y § ) . - . . CERTlF(CATE OF }A‘NALYSIS .
Santa Rosa, Ca. 95401 o o 78-1803-3 -

A

CFSU 31-33- 7-5-78, 3720 ft., received 7-11-78

‘Analysis starfed on:

Turbidity " 2000 NTU - Total Hardness as CaCOx - :1_8_§.;_0._:___._mg/1 j
Cén»ducﬁvifyv ‘ . 1;.2_;_3_Q~Q__-_.~._umhos/cmv < Iron as Fe (To’talj 11.100° g |

' pH l 7.94 _ Units Iron as Fe (Filtered) _ ‘ _8_-6_6_Q;_mg/1
“Total Dissolved Solids o ‘ - : , : -
at 180°C. : 8__’_9_00__mg/'| - Lead as Pb , 0.345 = mg/1-

- Alkalinity as CaCO; ‘2_1_0_-(1_7‘____'_mg/'l.» Magnesiuﬁ as Mg : 1.68 - mgn

. Arsenic as-As - © 1133 g/t | . Manganese as Mn » 0.328 - mgn
Bicarbonate as HCO. - 2_5_6_-_2.__m§/1"\ - " .Mercury as Hg - ) ﬂ_.O_QQ_g___an/l :
VBari:um: osBa . 16 mg/1- "~ Nickelas Ni o _9__@8____mg/’l
Boron‘as B- 025" mg/l NitrateasNO.N - 8.02  ngn
CadmivmasCd ~ ~ 0.007  mg/l . - Nitrite as NO-N. 001 pgn
Cclcium as Ca - 52-4—‘_'__mg/1-. o Potassivin as K S '_4;6_5_j9___;_mg/1
Carbonate as tOn o m‘_OI.____.mg/l . . Selenium as Se o ; '&9_91__'____,“9/]
Chlor_idé as Cl ) 3,410 _  mg/1 Silica as SiO: ' . 64.0  mgNn

" Chromium as Cr (Total) 0.048  mg/1 SilverasAg =~ - - 0.030 "~ mg/
Chromium as C.r (Hex) €0.001 ~ mgn o Sulfate as SO, 8 E 1_?()_()_2__;__mg/1

. Copper as Cu | 0 0.077 ' g/ o Sodiuvm as Nag -~ - - . 2,916 mg/1
Surfactants MBAS . - <_Q_-Q5__mg/1 | ZincasZn . 0_-Qng/'l
Fluoride as F 2.90 . mg/1 ‘ — /?5;Z§:;é§;4%%éff:“’—'

Lithium as Li .62 - mg/1 —— ” ~
tihium as ‘.L1 11.62 _ mg/ ]-j Ford Chemical’{oboratory, Inc.

All reports ore sobmitted o3 the confidential property of .clients. Authorization for publication of our reports, conclusicns, or, extracts from or regording ‘them, is reserved pend-
ing our wrilten opproval os a mutual protection to clients, the public and ourselves, . R J
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Don Ash

'LABOR

ATORY. INC.
> " Bacteriological and Chemical Analysis -

40 WEST LOUISE AVENUE
- SALT LAKE CITY, UTAH 84115’

PHONE 485-5761

“Name Union 0il1 Co. of California
Address __P.0. Box 6854

' Santa Rosa, Ca. 96501

—

" Date: ___August 10, 1978

CERTIFICATE OF ANALYSIS

78-1803-4

CFSU 31033, 7-7-78, 4170 ft., received 7-11-78 =~ h

Analysis ‘started on:

Turbidity
. Conductivity

pH . .
Total Dissolved Solids
at 180°C.

- Alkalinity as CaCOs

- Arsenic as As -
Bicarboh‘q‘h_e as HCO:
Barium as Ba . |
Boron as B -

Cadmium as Cd.

Calcivm as Ca™ =,

Carbonate as C(V).y
Chloride as Cl
Chromium as Cr .(T_oidl)
‘Chromium as Cr (Hex)
Copper as Cu

Surfactants MBAS
Fluoride as F
Lithium.as Li

ing our wrilten opproval os o mutyal protection 1o clients, the public and ourselves.

All reports ore submitted .as ‘tho confidential property of clients. Authorization for publicotion of our reparts, conclusicns, or, extracts from or

390.0 - Nm Total Hardness as CaCO:  _20:0°__mg
M__umhos/;m Iron as Fe (Total) ‘ S M¢g/1
9.79 : Units Iron as Fe (Filtered) __();.1_()_8_;_mg/1
_1_0_1_0_9_0_.___m'g/1 ‘ -Lead as Pb 0.420 mg/1
1, 44.0‘ _mg/1 Magnesium as:Mg 3.36 mg/1
5.707 __ mgnN ' Mangaﬁese as Mn _0.016 mgn
_.6_F’§;8___.;.mg/l , Mercury as Hg' _LO_()ng/l'
0.47 " mg/ Nickel as Ni - _0.975 mgn
__O_ﬂ;'_-mg/] Nitrate U’S‘NO:\-NA . __<._Q_-:;0_1____mg/1 I
0.085 °  mg/1 Nitrite as NO--N _£0.01  mg/1
;_H_.'_ig___ﬁlg/l Pé)iassium'us K v __&_Q__';__mg/]
_540.0  mgn Selenimas Se - _0.007  mgn
3,900 - g Silica as Si0: . _79.0° " mgn1
0.006 mg/l Silver 65 Ag » _9:93_7__;__mg/1
€0.001  pgn “Sulfate 0s SO, __760.0  gn
- _0.166 -~ mgn Sodium as Na. * _4£9_9_-__mg/1
_€0.05 . mg/1 Zinc as Zn © o 0081 mgn
R e o B

Ford Chemical Laboratory, Inc.

regarding them,.is reserved pend.

_
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LABORATORY.INC. .
> Bacteriological and Chemical A,nal_ysisl : : : '
40 WEST LOUISE AVENUE

* SALT LAKE CITY, UTAH 84115
PHONE 485-5761" -

August .10, 1978

CERTIFICATE OF ANALY_Sls
7 78-1803-5
"Union 0i1-Co. of California
Union-Geothermal Division ~
- P.0. Box 7600
Los Angeles, Ca. 90051
Attni Mr. Neil Stefanides . .
Gentlemen: ‘
The following analysis is on sampTes-of water received on July 11, 1978.

' Sample:. water -

Silijca as Si0» mg/1

Blank 41~ 0 5.0
© CFSU 31-33 Depth 2455' . L _
6-30-78 9:1 Dil ' o - 15.0
‘Blank #2 L 5.4
CFSU 31-33 Depth 2825' -
7-1-78 9:1 Dil - . 22.0
CFSU 31-33 Depth 3720 o
7-5-78 9:1 Dil . - 26.0
CFSU 31-33 Depth 4170' . .
7-7-78 9:1 Dil = o "29.0 :
v Sin¢eré1y,
FORD CHEMICAL LABORATORY, -LINC.
. . %&5(1 . ' i hem, is reserved pend
All reports are submitted os the confidential property of clients, Authorization for pUblicalion ! out reporfs, conclusicns, or, extracts lrof!\ or regurdm_q‘l em, ¢ p!
Ing our writien opproval as @ r'm.,wol protection to clients, the public ond ourselves. . R . ‘ / ]
\\\IQnga : “‘///




‘LABORATORY, INC.
‘Bacterinlogical and Chemical Analysis
40 WEST LOUISE AVENUE'

SALT LAKE CITY, UTAH 84115
" PHONE 485.5761

o DdN L 'A‘su.ﬂ \

AUG221978

Date:

August-18, 1978

" Name' Union 0il Company—-Geothe'rmal Division

" Address 2099 Range_ Avenue, Box 6854 _ :
) . o CERTIFICATE OF ANALYSIS

95401

_ Santa. Rosa, CA A _ : _ _
" Well water labeled "Depth 3000 féet, '7-20-78" received on July 26, 1978:

‘Analysis started on: . ‘July 26, 1978

266.0

Turbidity - '_f . _80.0 - NTU Total Hardness as CaCO: mg,’1 A
Conductivity . -~ -.2.D35  umhos/cm: Iron as Fe (Total) - . 2:154 g

pH o . ;.lj_'lé,;_l)niis _L_,g_]_,___mg,/1

OISR T

b astmans

‘Total ‘Dissolved Solids e
-~ at180°C. -

" Alkalinity as CaCO: -

1,320 mgpt

Ifon as Fe (Filtered)
tead as Pb
-Magnesium as Mg

__0.006 _ mg/1

__lg;ﬁﬂl_;_mg/l

'Arseﬁic as As _2'___9_9_}___mg/1 : Monéanese as Mn . 0:043 g1
-Bicarbonate as HCO. 244.0 mg/i Mercury as Hé Mmgﬂ .
'kac.xrium as Ba.- ,0 -15 —mg/1 Niék.e'l as Ni | _<_&_Oill__mg/1
hi :j;Bdron as B - ~0.20 . mg/l Nitrate as NO.-N _&__;mgﬂ
Cadmium as Cd o 0.040 mg/1 Nitrite as NO.-N _@_91 - _mg/1
Calcivm as.Ca - ___7_4_ 40 mg,/1 Potassium as K .M_f_;mgﬂ
- Carbonate -as CO <0.01 mg/ 1 Selenium as Se. _/}_(L(LO.];___mgﬂ
Chloride as Cl '. 502.0 mg/1 Silica ds SiO: _54.5 —mg/1 A
Chromium as Cr (Total) - <..2'_901 mg,’1 . Silver as Ag {__Q_E_O_E___mg,'l
Chromium'as Cr (Hex) <__.0__0_?_l_____mg/’l Sulfate as SO.‘. _1_8_7._(.)__ —mg/1
- Copper as Cu - . *.2;?}_4__..',mg/1 A» - Sodium as Na _~_3_5__5_'_g.____mg/l
* Surfactants MBAS - <0m0§____mg/1 o Zinc as In _.___0:_ 1.9_3 oeeemg /1
Fluoride as F - - 1.03 - mg/L ; ' - ’ : .
.Lithium ".as Li 1.164 _?“97 1 ‘é;r'cfc%ﬁggggo;&,'lz"“ ‘

All reports ore submitted os the confidential property of clients. Authorization for publicotion ¢f our reports, conclusicns, or, cafracts from or regarding them. is reserved pend

ing our written opproval as a mytual protection 1o clients, thu public ond ourscives. . /




LABORATORY B NC
Bacteriological and Chemzca] Analysis
40 WEST.LOUISE. AVENUE

SALT LAKE CITY, UTAH 84115
" PHONE 485-5761 '

_‘Auguét 18, 1978

CERTIFICATE OF ANALYSIS
e S 78-1956-2
Union 0il Company. : B
- Geothermal Division
2099 Range Avenue
Bos 6854 :
Santa Rosa; CA 95401

' Gentlemen-

The follow1ng analySLS is on samples of water recelved on
) July 26, 1978: 4

Sample: Water

Silica

as Si02
3000 feet, 9:1 Dilution o - 34.5 mg/l
'Blank'ﬂf . o . o 22.5 mg/1"

Sincerely;

FORDA HEMICAL® LABORATORY INC.

0 el

le S. Forxrd

" LSF: vh

Ing our written opprova! as o mwtuol protection 1o clients, the public ond ourselves.

All reports are submitted os the ccml-demal proprrly of clients. Authorization for publication «f gur reports, conclusicns, or, extracts from or feqord ing ‘them, is reserve

d pend-
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CFSU #31-33 © 8/9/78

TEMPERATURE PRESSURE -

10 min ‘ 0o Fluid level = 1400"
500" | 195° 0o ‘.Pickup = 2464"
1000" : 200° .0 WHP =0
1500° 202° 30 WHT = min

2000 263° 210

2460° 265° 394
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COVE FORT SULPHURDALE UNIT $#31-33

H,S SAFETY PROCEDURES

Protection of all people on and around the Cove FortlSulphur—

dale #31-33 locatlon from p0551ble HZS gas p01son1ng was of the

utmost 1mportance to Unlon Oll Company of Callfornla.

With the help of R. F. Smith Company,.Union 0il implemented

a state-ofAthe art.saféty_program to ensure the safety of

-everyone.

1)

2)

3)
4)

5)
6)

)
8)

9)

10)

11)-

13>

14)

The safety equipment.and pérsonnel consisted_of:
Safety frailér with 15 - 300 C;F.'Cylinder.Cascadé air
supply‘syétem.f |
Two thousaﬁd feet ofvlow-préssure aif line_hose’wifh

quick connects.

- High pressure air compressor.

Five low pressure manifolds.

- Fourteen airuline'masksuwith'escape cylinders.

Thirteen 30 minute self contained oxygen units.

S monitor systems.

Two head-fixed H,

‘Warniﬁg‘sifené and.révolvin§ amber'light.

.Three wind-socks. - |

- First -aid kit.

*Twosresuséitatbrs with Cylinders -(oxygen powened).'
- Flare gun with sheils.

: Gas~de£éctor”kpump.typé).

. Safety supervisor.



el

“There were three H2S gas“monitorS'on the location:'one Wash

located on the rlg floor, ong under the rig floor at the. -._f
flow nlpple, and one-at the mud shakers. 'The monltors.weres-
set'to detect H,S concentrations*in excess of 10 ppm and'auto4
matlcally actlvate a warnlng 51ren and revolv1ng amber llght.*

In addltlon, a sampllng system collected. vapors at the flow

nlpple and transported them to the R. F. Smlth,traller where

.fthey'werenanalyzed contlnuouslyvbyﬁa'gas chromatograph.

In the event of a warning, the mehxon.the'rig floor were-ih~5f

structed.to,immediately put on'air}breathing'apparatus with

escape cylinders and alternate reserve.air line,j‘Airfwas-A
supplied to the masks through manifolds from the casoade‘air
supply system. If fordsome reason'there was a malfunotiohtin;

the alr supply system, the masks were equlpped with escape

;cyllnders whlch would - supply air .- for sufflclent tlme to allow_3

a person to leave the area.

After it wasfdetermined_that‘eyenyone;ﬁasdwearing a-masﬁq eitherf:
a safety supervisor or drilling-foremah would checkvthe<area |
forAHZS using;a.hand'operated gas detector. OnevofAthe~30"
minute self—containeduunits,was worQAby’thefforeman.and/or
superyisorfsQ~that he«cou1d’moye,saﬁely-arouhthheflooatiOn whilev

making"the%oheck. If an"HZSACOncentrationfof over 10 ppm was . .

found in or around  the work area, the men were~requrred‘to work

S wasffoundi{the‘meh'could

continue work normally. Constant‘monitoring'was’continued until

wearing masks. ' If less than.10 ppm.H

- v - -
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_Three w1nd socks were located strateglcally around the locatlon.

If the warnlng 81ren sounded when an employee was away from:f

, elther a_self:contalned‘alr unltﬁor air llne»mask,-he-could

observe the wind sock and move'quicle“up wind escapingfthehgas;

~ In addition to the above, two oxygen resuscitators and a flare

gun were on location at all times. The resuscitators were to

be employed to reyive'any indiyidualfoverCOme by'HZS' qIf‘it

. was determlned that any HZS leak was adequate ‘to endanger human B

or anlmal 11fe in an area adjacent to. the location, - use of the
flare»gun would be a last resort measure to 1gn1te and’ellmlnate

the gas.

_All_personnel;required to be present or perform any type of

'serviceﬁon’or‘inithe‘prdximity-of,the‘CFSU’#3l~33 location *

were glven instruction relatlng to. safe operatlng procedures

in the presence of " HZS gas.. Safety 1nstructlon was conducted

1nrall_cases-by~a quallfled‘representatlve of»R._F..Smlth

‘Corporation. In addition to instruction, an inspection for .-

brbken_eardrums was'made by an M.D. and-all personnel-werev.
required to be cleanly shaven to ensure an airtight fit ofvthe R

availablerbreathing.apparatus;v'

Many scheduled*and-unscheduled HZS-drills were conducted,-exposing o

each person assoc1ated W1th the drilling operatlon to at least

one drill. The drllls were trlggered by manual. actlvatlon of

‘ —the HZS alarm system



The H.S alarms were actlvated once when . steam and’ vapors were.

2
seen to be comlng out of the rotatlng head rubber, whlle drill-
’1ng the”interval 1236' to 1241'. All'personnel»on theAlocatloﬁ;.
: followed prescribed-HZSAsafety procedures -at this poinbr
Immediately‘following the éctivetion'of,the_alarms, manual-meaSure—r
ments of H,S were made on the rigrfloor;'indiearing‘cohcehtra—f
tlon on the order of 10 ppm HZS A brisk windzwasrblowing at
the time, and the gas was qulckly dlspersed The gas'chromato--

'graph»sampllng vapors from the flow nipple did not detect any

HyS during this event.



Beaver |
| w/s
(\ Union Fin
GEOTHERMAL' RESERVOIR ASSESSMENT

COVE FORT SULPHURDALE UNIT

FINAL REPORT
FOR THE PERIOD
SEPTEMBER 1977 - JULY 1979

R

D. L. ASH, R. F. DONDANVILLE/'AND M. S. GULATIT

DECEMBER 1979é?

WORK" PERFORMED UNDER CONTRACT

"‘,"‘3\‘

DE-AC08-77ET-28405 .

- UNION OIL COMPANY OF CALIFORNIA
GEOTHERMAL DIVISION
UNION OIL CENTER
461 S. BOYLSTON STREET
LOS ANGELES, CALIFORNIA 90017



™

NOTICE OF LEGAL DISCLAIMER

This report was prepared to document work sponsored by the
United States Government. Neither the United States nor its
agent, the United States Department of Energy, nor any Federal
employees, nor any of their contractors, subcontractors or
their employees makes any warranty, expressed or implied, or
assumes any legal liability or responsibility for the accuracy,
completeness, or usefulness of any information, apparatus,
product or process disclosed, or represents that its use would
not infringe privately owned rights. ' : '

Reference to a company or product name does not imply approval
or recommendation of the company or product by Union 0Oil Company
of California or the United States Department of Energy to the
exclusion of others that may be suitable. '

Printed in the United States of America

Available from:
National Technical Information Service
U.S. Department of Commerce
5285 Port Royal Road
Springfield, Virginia 22161

Price of Printed Copy - $4.50
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ABSTRACT

During 1978 and 1979 Union 0il Company of California drilled
three exploratory geothermal wells in the Cove Fort-Sulphurdale
geothermal resource area in southwestern Utah to obtain new
subsurface data for inclusion in the U.S. Department of Energy's
geothermal reservoir assessment program. Existing data from
prior investigations which included the drilling of an earlier
exploratory well at the Cove Fort-Sulphurdale area was also
provided.- o ’

Two of the wells were abandoned before reaching target depth
because of severe lost circulation and hole sloughing problems.

The two completed holes reached depths of 5,221.ft. and 7,735 ft.,
respectively, and a maximum reservoir temperature of 353°F at

7,320 f£t. was measured. The deepest well flow tested at the rate
of 47,000 1lbs./hr with a wellhead temperature of 200°F and pressure
of 3 psig. Based upon current economics, the Cove Fort-Sulphurdale
geothermal resource is considered to be sub-commercial for the
generation of electrical power. ’

This report is a synopsis of the exploratory drilling activities
and results, and it contains summary drilling, testing, geologic
and geochemical information from four exploratory geothermal wells.
Detailed information for each of the wells is contained in four
separate technical reports available through the University of
Utah Research Institute, Earth Science Laboratory (UURI/ESL), Salt
Lake City, Utah. : o '
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INTRODUCTION

The Cove Fort Sulphurdale Unit (CFSU) Final Report has been
prepared to compare and summarize results from the four ex-
ploratory.geothermal wells drilled on the unit. The general

location of CFSU is shown-in Figure 1. Specific well locations

are shown in Figurée 2.
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COVE FORT SULbHURDALE UNIT

DRILLING SUMMARY

The four exploraﬁion wells in the Cove Fort Sulphurdale Unit
wére drilled at the following total depths, days and costs
'per foot: |

-l.,‘Fbrminco'#l:‘ 1051%; 34 days; $594/foot;

2. (CPSU #42-7:  7735'; 105 days;‘$266/f¢ot;

.3. CFSU -#31-33: 5221'; 64 days; $243/foot;

4. CFSU #14-29: 2620'; 45 days; $407/foot.

The two wells wiﬁh the highest costs per foot, Forminco #1
and CFSU #14-29 were‘abandonedwbefore reaching target depth
becaﬁse of severe hole cleaning problems. In the case of
Forminco #1 a "sanded dolomite" caused the hole cléaning
prdblems, while in CFSU #14-29 é formation of conventional
dolomite/dblomitic limestone caused sloughing probléms.
CFSU #31-33 was plugged back to 2600' to eliminate cross
flow below that point, and a 247/8" tubing string was hung
to facilitate fﬁture temperature sﬁrveysf\ CFSU #42-7 was
completed with a 7" liner at total depth>and a 7" tie-back

to surface. -

The major problems contributing to the high costs per foot
in the CFSU wells were lost circulation and corrosion. Each
of the wells encountered severe lost circulation zones. The

major corrosion problems were experienced while drilling with



aerated water in wells CFSU #42-7 and #31-33. Details of
lost circulation and corrosion are discussed in separate

sections devoted to these topics. °

Fishing jobs were coﬁfihed tO'loéses of one to two days per
well with one exception. While spotting a lost circuiation
Cemept plug in Forminco #1, the cement flésh set sticking

the driilvstring:“ A ten day fishing/washing-over operatioﬁ

was'required before the well was sidetracked and drilled

ahead.
HyS was;encountered.in all:of the CFSU wells. Only the Forminco
#1 well produced high concentrations of HpS (600 ppm). An

extensive HjyS monitoring system was installed on each of
the CFSU wells. Personnel were familiarized with HyS safety
eguipment. and procedures through training and drills. Fortun-

.ately no HyS related injuries were experienced.

- The following CFSU Drilling Data WellgComparison Table
and- the Time vs. Depth Progress. Graphs can be used to compare

the four wells drilled..
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: TOTAL TOTAL .
. SPUD COMPLETION DEPTH TOTAL - - COST COST/FT
WELL DATE DATE RIG & (FT) - DYS (%) (S/FT)
Forminco 7/26/76 8/29/76 Loffland 1051~ 34 624,000 594
#1 Rig IS '
{Aban.)
CFSU #42-7 11/29/77 3/14/78 Loffland 7735 108 2,056,000 266 .
Permit Rig #184
#0045 .
CFSU #31-33 5/24/78 7/27/78 | Loffland 5221 64 1,270,000 243
Permit . Rig #5 : o
#0049 .
8 i
CFSU #14-29 ©5/25/79 ¢ - 7/9/79 . Brinkerhoff - 2620 45 1,065,000 . 407"
Péermit T : . ] Signal '
#0072 (Aban.) Rig #3
H.,S MAX.
MUD. CMT .- PLUGS .| RECORDED . MAX.
MUD COST/FT . | FOR LOST .| CONCEN. FISHING FISHING “TEMP.
WELL CQST (S$/FT) CIRCULATION (PPM) JOBS DAYS LOGGED
Forminco 44,025 42 9 . 600 1 10 -—
#1
CEsSU #_42—7 182,889 24 37 <10 2 1 353°F e A7320' :
Permit - : :
_§ #0045
CFSU #31-33 72,437 14 27 10 2 2 294°F @ 4700°
Permit " . .
#0049
‘CFSU ¥14-29-.. 35,516 14 18- 50 2 2 196°F € 2180°
Permit i .
#0072 .
CASING PROGRAM.(ALL DEPTHS.RKB)
" | INTER- - )
CONDUCTOR{ SURFACE | MEDIATE -
WELL CASING  CASING|CASING OTHER OTHER FINAL CONDITION
Forminco 20" @ 120" | 13-3/8" -- -— -- Abandoned due to inability to.clean hole of B
Bl . Q@ 822' unconsolidated “"sanded: dolomite”™, :
CFSU #42-7 |'30" @ 50 20" @ 13-3/8" 2 | Liner Liner Suspended with 7" tied back to surface.
Permi't '251' " 1552¢ 9-5/8%: 7" @ . :
#0045 134%' to 7615 i
3357 i Tied Back]
CFsU #31-33 30~ @ 527 | 20" @ 13-3/8" @ | Hanging ~-- Plugged back to 2600' to eliminate cross flow
Permit 280° 1733 Tubing below that point and hung 2-7/8" tubing at
#0049 2-7/8" @ 2579’ to facilitate future temperature surveys.
2579
CFSU #14-29 30~ @ 38° 20" @8- - | 13-3/8™ 9 Liner - Abandoned due.to inability to clean hole and
Permit 224" 1240 9-~5/8": eliminate £ill. )
998' o -
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COVE FORT SULPHURDALE UNIT.

- LOST CIRCULATION SUMMARY

. All of theVCFSU wells encountered severe lost circulation

zones. -A wide range of lost. circulation materials, -

‘ineluding.fiber, cellophane, cotton.seed hulls, mica,
© walnut hulls, sodium silicate-calcium chloride, and

'dietomaeeousrearth,gwere-attempted‘with virtually no

success.  Cement plugs consistiﬁg of a variety of slurry

- types met with.very'limited, theh short term, success

in regaining circulation.: In some cases it became necessary

to drill without returns prov1d1ng the thleL zone accepted

drill cuttlngs and the hole was kept clean. Drllllng
' with-aerated-water was often effective in competent

formations but greatly lncreased corrosion rates and

sometlmes resulted in the productlon of large quantltles
of Lormatlon-water causlng»dlsposal problems.

. .
Since it is ultimately important to cement casing strings

completely'fromvshOe to surface, lost circulation problems
Were feced-as they occutred.r’When.efforts-to regain
cireulatioe were abendoned and the decision was made

to drill ahead, lost circulation problems were only
postpcnedAuntil the next casing point was reached. 2

total of 9L cement plugs were utilized to combat lost

circulation while drilling the four CFSU wells. The

following tables compare slurry compositions for each



of the lost circulation cement plugs. Success of the cement

‘Plugs was very limited. There was no single slurry compo-

sition that proved conclusively to be the most effective.

Most of the.lostNCircﬁlation problems occurred in carbonate

. formations. In some cases extensive caverns were‘encountered

as evidenced by.the_drili‘string abfﬁptly falling 30'. A
satisfactory solution ‘to the more severe lost circulation

problems in the CFSU remains to be found.

-12-
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TOTAL [ OEDP SLURRY COMPOSITLION
PLUG | DEPTH | DEPTH| PORMATION NOL PERLITE | SILICA | GEL | CaCl, |CFR-2] LCM
NO. | (FT) (FT) _TYPE (FT°) RATIO |FLOUR (%){ (%) (%) (%) #/SK | OTHER
1 796 787 | sanded 1000 2:1 4 3 X
Dolomite ’
2 796 - | 772 | Sanded | 43s 2:1 4 3 X
Dolomite
3 829 776 | Sanded 408 2:1 4. - 3/4 Caustic Water
Dolomite : Flush - ’
4 860. | 819 | Sanded 500 2:1 a 2 % | Caustic Water
Dolomite : Flush ’
5 860 - 713 - Sanded. 250 . 1:1 2 3 bt Caustic-Water - -
Dolomite ’ Flush
6 860 855 | Sanded 250 3 i
Dolomite . )
6" 860 | 855 | Sanded 500 1:1 2 i
’ Dolomite o
7 910 . | 786 | Sanded 500 1:1 2 " x
Dolomite .
8 913 | 882 | Sanded 694 ' Thix-Set Cement
’ ’ Dolomite .
9 1004 976 Sanded 500 1:1 .2 2 *
Dolomite




DEPTH

DEPTH

o s v s

~ o x 1+~

}PLUG mRMATIOPi OL PERLITE S‘Ii:IéA. GEL A E:acl CI‘"R“Z LCM .
NO. (FT) (FT) TYPE (Fr>) | RaTIO |FLOUR (%) (%) (%) (3) | #/sk]| oruER
1| 149¢ | 1457 | Andesite | 198 1:1 40 3 0.3% Retarder
2 | 1494 | 1353 | Andesite | 200 1:1 40 3 0.3% Retarder-
3.] 2244 | 2202 | sandstone | 250 1:1 40 3
4 | 2244 | 2046 | sandstone | 120 1:1 40 3
5 2244 20486 Sandstone 250 1:1 40 3
6 | 2244 | 2060 | sandstone | 150 1:1 40 3
7| 2244 2172 Sandstone 396 2:1 40 3
8 | 2250 | 2205 | Sandstone | 142 ) % | Thix-Set and
: S Gilsonite
9 2250 { 1829 Sandstone 142 k | Thix-Set and
Gilsonite
10 | 2250 | 1860 | Sandstone | 240 1:1 40 3
11 | 2250 | 2209 | sandstone. | 120 1:1 3
12 | 2250 | 2169 | sandstone | 193 2:1 40 3
13. | 2250 | 2170 | sandstone | 180 1:1 40 B
14 2250 1946 Sandstone 7100 L Thix~Set and
Gilsonite
15 2342 2108 Sandstone -| 223 1% Thix-Set and
Gilsonite
16 | 2342 | 2232 | sandstone 59 2 1k Frac Gel Flush |’
17 | 2242 | 2232 | sandstone | 118 2 1% | Frac Gel Flush
18 | 2342 | 2201 | sandstone | 210 2 % |Frac Gel Flush
19 | 2342 | 2232. | Sandstone | 136 2 ¥ |Frac Gel Flush
20 | 2342 | 2239 | sandstone | 136 2 % Frac Gel Flush
21 | 2342 | 2201 | sandstone | 98 2 5 |6t Gilsonite
22 | 2342 -] 2232 | -sandstone | 88 2 ¥ |12% Gilsonite
23 _23427 2233 Sandstone 887 2 X 84 /sk Gilsonite
24 | 2342 | 2232 | sandstone " | 161 2:1 40 3 Frac Gel Flush
24 | 2342 | 2232 | sandstone | 98 2 % | 8#/sk Gilsonite.
25 | 2342 | 2201 | sandstone |161 2:1 40 3 3 NaSi-CaCl, Flush
26 | 2342 | 2201 | Sandstone | 352 1:1 40 3 3 Frac Gel Flush
27 | 2606 | 2575 | sandstone | 174 2 Thix-Sét and
: Gilsonite
‘28 | 2606 | 2448 | sandstone | 175 2 Thix-Set and
Gilsonite
29 | 2606 | 2418 | sandstone | 247 2:1 5 2
30 | 2606 | 2248 | Sandstone | 367 2:1. 5 2
31 | 2606 | 2139 | sandstone | 215 1:1 4 2 )
32 | 2606 | 2046 | sandstone | 250 1:1 40 3
33 | 2606 | 1860 | Sandstone | 250 1:1 40 3
34 | 2606 | 1675 | sandstone | 250 1:1 40 3 2
35 | 2606. | 1490 | Sandstone | 250 1:1 40 3
36 | 2804 | 2765 | Dolomite 312 1:1 a0 3 "




PLUG | DEPTH| DEPTH {FORMATION OLUME |[PERLITE SIEIC}A ‘-G;‘_L- Ca.Cl2 CFR-2| LCM
NO. | (FT)| (FT) | TYPE (FT3) | RATIO [FLOUR (%) (%) | (8)° | (%) | (%) | OTHER

1 ]1241 | 1230 {Dolomitic | 375 1:1 40 3 ]
LimestoneA. o
Dolomité |-

2 |1241 | 1230 ' |Dolomitic | 350 T 1:1 40 3 0k
Limestone/
Dolomite

3 {1241 | 1230 |Dolomitic | 240 1:1 40 3 o b Gel Mud-LCM
- . . Linestone/ , ) . . Flush
Dolomite

4 |1241 | 1230 |polomitic | 125 1:1 40 3 . 15
) Limestone '
Dolomite

5 ;1241 | 1230 |Dolomitic | 225 1:1. 40 C3 : X 15
Limestone
Dolomite

6. [1241 | 1230  |polomitic | 305 2:1 | 40 I S - ['cel Mud-Lcm
: . .- Limestone . : ’ Flush '
.- Dolomite : '

7 11241 | 1230 |polomitic | 305 2:1 40 3
Limestone
Dolomite

8 1241 1230 Dolomitic 230 1:1 40 3 ’ . 15
Limestone ’
Dolomite

9 1241 1230 Dolomitic 230 1:1 40 3 S 25
. . Limestone . ’
Dolomite

10 1241 1230 Dolomitic 210 1:1 40. 3 2 20
' Limestone
Dolomite

11 1241 | 1230 |polomitic | 210 1:1 40 |3 2 20
T Limestone
Dolomite.

12 1241 1230 Dolomitic 210 1:1 40 3 2 .20
. Limestone o
Dolomite

13 1241 | 1230 |polomitic | 166 2 . 1#/ | Thix-Set. and
’ . Limestone . . R -~ sk | Gilsonite
Dolomite )

14 [1257° | 1230 - |Dolomitic. | 166 v 2 14/ ] 25¢/sk Gilsonite
Limestone - . . sk
Dolomite

15 1257 | 1230 - |Dolomitic | 210 1:1 40 ) 3 i ) X
Limestone . :
Dolomite

16 |1257 ] 1230 |polomitic | 86 1:1 40 3 |3
Limestone/ : .
Dolomite

17 11257 1230 Dolomitic 200 - 1:1 40 3. 3
" Limestone
Dolomite

Gel~-Gilsonite

18 [1257 | 1230 |Dolomitic | 235
’ E Flush

Limestone

Dolomite 1 Perlite:
1 sand:

1l Cement

19 |1276 [ 1260 . |Dolomitic | 113 Pal-Mix Flush
. Limestone ,

- Dolomite

20 1564 | 1335 |polomitic | 115
Limestone
Dolomite

Pal-Mix Flush

21 1735 1649 Dolomitic 104 ’ 2 14/ 1 258/3k Gilsonitel
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TOTAL | OEDP | : . SLURRY COMPOSITION
PLUG | DEPTH | DEPTH| FORMATION T PERLITE| SILICA | GEL | CaCl, | CFR-2 | LCM
NO. {FT) (FT) TYPE (FT7) RATIO IFLOUR (%)] (%) (%) (2) | (%) OTHER
22 | 1735 | 1229 | Dolomitic | 104 ’ 2 1#/| 254/sk Gilsonite
Limestoned sk .
Dolomite .
23 ].1735 | 1610 | Dolomitic | 104 1:1 40 3 i Pal-Mix Flush
Limestone A ~
Dolonmite
24 | 1735 | 1550 | Dolomitic | 101 1:1 40 3 % pal-Mix Flush
) Limestone/| .
Dolomite- )
25 | 1735 | 1580 | Dolomitic. | 145. 1:1 | 40 3 2
R P Limestone/
Dolomite )
26 | 5009 | 4926 | Siltstone/ | 112 . 1:1 40 3. i Nasi-CaCl, Flush
. Sandstone ! ’
| 27 | so09 | 4833 |.siltstones | 125 1:1 40. 3 4
X . c Sandstone-
~
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COMPOSITTION

| TOTAL | QEDP - S LURRY.
PLUG | DEPTH | DEPTH | FORMATION [NOLUME |PERLITE| SILICA | GEL CaCl2 CFR-2{ LCM
NO. (FT) (FT) TYPE (rT3) | raTIO |FLOUR (%)] (®) (%) (%) (%) | OTHER
1 833 | 830" |conglom- | 7265 7| 1:1 | 40 3 2 5 s
. erate
2 866 866 . | Conglom- 265 1:1 40 3 2 b 5
. erate’
3 .1249 935 Limestone/ | 203 20 3 22% Kolite,
Dolomite/ . 8% DS3
Sandstong
- 4 1249 893 Limesfone/ 203 20 '3 22% Kolite,
I Dolomite/ 8% D53
. Sandstong
5 1249 872 |Limestone/ | 203 20 3 22% Xolite,
~Dolomite/ 8% D53
Sandstond
[ 1249 861 ‘[ Limestone/ | 201" 20 - 3 ‘ 22% Kolite,
Dolomite/ 8% D53
Sandstong
7 1330 -1330 Limestone/ { 187’ 2 12% Xolite,
’ Dolomite/ | - 10% RFC
Sandstong
8. 1330 1295 Limestone/ | 181 2 12% Kolite,
Dolomite/ 10% RFC ~
Sandstone
9 1330 1245 Limestone/ | 181 - 2 12% Kolite,
Dolomite/ 10% RFC .
Sandstone]
10 1345 | 1344 Limestone/ | 181 2 12% Kolite,
Dolomite/ 10% RTC
Sandstone
11 1345 1343 Limestone/ | 248 2 21% Kolite,
Dolomite/ 8% RFC
Sandstone
12 1429 "1429 Limestone/ | 248 20 2 . 26% Kolite,
Dolomite/ 8% RFC
Sandstone
13 | 2080 |2070 |Limestone/ | 191 20 - 2 25% Kolite,
- Dolomite/ 8.2% RFC
Sandstone .
14 (2080 |1885 |Limestone/ | 151 20 2 25% Rolite,
© Dolomite/ 8.2% RFC
Sandstone .
15 | 2080 |1698 |Limestone/ | 151 20 2 25% Kolite,
Dolomite/ 8.2% RFC
Sandstone
16 2080 ]1490 |Limestone/ | 191 20 2 25% Kolite,
: : Dolomite/ 8.2% RFC
Sandstone]
17 2080 1543 | Limestone/ } 191 20 2 25% Rolite,
Dolomite/ 8.2% RFC
Sandstone!
13 "2080 - | 1466 Limestone/ 191 20 2 25% Kolite,
Dolomite/ 8.2% RFC
Sandstongi N
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COVE FORT SULPHURDALE UNIT

CORROSION SUMMARY

Oxygen corrosion at rates in excess of 40#/ft2/yr was

éXperiencedAwhile drilling with aerated water in CFSU

wells 42-7 and 31-33. During normal drilling with mud

.QXygen corresion was effectively controlled by main-

taining high pH with caustic and adding an oxygen scavéngér,

sodium sulfite, with cobalt-as a catalyst. When severe lost

circulation necessitated drilling with aerated water, oxygen

corrosion was greatly accelerated. .

After experimenting with 'a variety of inhibition programs
in, the fieldAand'laboratory,;a sodium-niﬁfite—caustic
program pro&ed to be the most effective. Laboratory tests
with a water designed £o duplicate drill water used on well

CFSU 42-7 indicated that a sodium nitrite concentfationrof

2.6 #/bbl and a pH'Qf>ll.5 should provide an effective program.

Corrosion rates were reduced from over 40#/ft2/yr to 8#/ft2/yrfﬂ'
Aithough this was a considerable improvement, corrosion rates

were still well above the acceptable limit of 2&/ft2/yr.

Lack of success in reducing corrosion rates to acceptable
levels using the sodium nitrite program was probably due to
the following:

1) High concentrations of dissolved salts in the



f

Pl

drill water accelerated corrosion. (These concen-
trations varied from well to well.)

2 2) dpset conditions allowed concentrations of sodium
nitrite and pH to fall below critical levels at
times.

» 3) Reaction with drill cuttings, reaction with pro-
Vduéed carbon diéxide, and ailution with prdducéd

- formation water caused a reduction in. pH.

Before introducing the sodium nitrite—caustic system;;
corrosion severely affected both éasing and drill piéé.
Casing caliper logs indicated éasing corrosion;f,Dfiil .
pipe inspectioﬁ downgraded 54% of the joints inspécféd

in the CFSU well 42-7.

After introducing the sodipm nitrite—causti?fsystem on
CFSU well 31-33, 14% of the joints inspezfedAwere,d0wﬁ;.
graded. Chemical-costs of $68,000 using the sbdiﬁm.
ﬁitiite—caustic system on this weli wefe at a,bféakevéﬁ;
point with the estimated savings in drill pipe damage.
Potential casing damage and fishing jobs due;to drill
pipe failures were avoided making the_chémical costs

economical. -

Although the sodium nitrite-caustic program did not.
reduce the corrosion rate to an acceptable limit, it .

appears to be the best practical chemical inhibition



system available. A variety of other corrosion control
methods were considered and rejected during the drilling
of the CFSU wells. Union is currently considering using

nitrogen in place of air to eliminate the problem of

oxygen cdrrosion, A new type of nitrogen generator may

overcome some of the logistical and economic problems

that have precluded the use of this.method to date.

B Yo
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GEOLOGIC SUMMARY OF THE

COVE FORT-SULPHURDALE UNIT

The four geothermal exploration wells drilled by the Geother-

mal Division of Union 0il within the Cove Fort-Sulphurdale

Unit area failed to establish the existence of a geothermal

resource of.sufficient temperatureiand productivity needed
for electrical power utilization. The wells.penetrated an

underpreésured, highly ffactured, moderate to low temperature

(178°C to 93°C), highly perméable geothérmal reservoir con-

sisting of contact metamorphic and sedimentary carbonate rock

in a geologicélly complex area. The lack of production was

due to the low temperature and low pressure which together

with problems of toxic H,S gas, lost circulation and frac-

tured and unstable formations, lead to the abéndonment of the

project.

Figures 3 through 6 summarizes the geology of the four ex-

ploratory wells. Lost circulation and blind drillinglhas

prevented the identification of parts of the geologic column.

Summary of the geochemical analyses which best represents the

geothermal waters encountered is presented in the following
table. Like the geology, the geochemical data is complex.

The wide variety of water, ranging from 1320 ppm TDS to
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A

10,000 ppm TDS was unexpected in the highly permeable

reservolir that was thought to be well mixed .and geochemi-

cally similar throughout the prospect.

The four wells penetrated a variable thickness of sutface

volcanics of Mid-Tertiary age (200 to over 2000 feet) which

'lies,_with>angular unconformity, over highly faulted and

~ folded Lower Mesozoic and Upper Paleozoic sedimentary rocks.

Superimposed over- a portion of this geologic framework is

i;an aureole of contact metamorphism and mineralization related

" to a Mid-Tertiary intrusive event.

£Static fluid levels in the wells are present between 1200 to

1400 feet below the surface. Very'high'temperature gradients

(13 to 16°F/100 ft.) are present from the surface to the static

 jwater'ievel of the reservoir. Below the top of the reservoir,

thé temperature profiles becbme‘nearly isothermal in the highly

e fractured and permeable geothermal reservoir.. These isothermal

. sections are- 300° to 310°F in the #£42-7 well, 270° to 275°F in

the #31-33 well, and 190° to 195°F- (not stable)Ain the #14-29
well. The maximum temperature measured in the prospect was
353.5°9F at 7320 feet in the #42-7 well. The érea around the
#42-7 well appears to be near the'éource 0of the geothermal
anomaly, as defined by the deep drilling. The rapid termina-

tion of the shallow well temperature anomaly east, south and



LY

and west of the #42-7 well leave little room for the presence
of higher reservoir temperatures, considering the highly con-
vective nature of the reservoir. Therefére, the geqthermal
anomély has been evaluated and the reservoir judged to be

inadequate for development,



(™ | | 5 ' oy |

LL 4227 p2-7 #31-33 #31-33 #14-29

{ | 9.98 _ 9.54 9.79 , 7.44 7.4
S | 9405 4775 10,000 1320 | 4776
kalinity as CO3 2380 470 1440 200 158
. 3460 1310 4000 355 - 1220
225 585 443 . 56.2 41.5
l 26.4 32.0 144 4.4 332
| 2450 1820 3900 502 2060
" 1280 560 760 187 . 900
| 4.7 2.3 3.6 ©1.03 2.5
0 180 170 , 79 64.5 92
| 1200 4.8 13.36 19.2 M52
- - - - | 13.31 16 - 265
04 1322 265.9 658.8 244 192.8
r - - 252 540 0 | 0
0.8 0.30 0.5 0.2 6.4
6.08 2.88 5.71. 2.99 0.75
0.324 0.271 0.166 0.914 0.010
- - 0.022 0.420 0.006 0.005
0.493 0.007 0.975 - 0.085
0.015 0.011 0.037 - - -
0.075 1 0.041 0.104 0.350

811

GEOCHEMISTRY OF FORMATIOM WATERS ENCOUNTERED IN THE COVE FORT-SULPHURDALE
UNIT AREA

-24-



Generalized Lithologic Log
Well Forminco *1

Age Formation _
PRt —Recent - : ' Alluvium ' :
f ¥ v § " Oligocene to Miocene( 7) Bullion Canyon volcanics, porphyritic andesite with argillic olteration
o--TgLi0 ‘
t rg o] 7 Upper Cretoceous to Cloron formation, quartzose boudder conglumerate
°‘-I°-g:o' } Paleocene (7) ‘ Ag _
T 1 . . i P noid f
T 1 Paleczoic Limestone, microcrystalline, with crinoid fragments
1000° ‘2 : Dolomite, poorly cemented, very fine to finely -crystalline "sanded” dolomite
T.D. 105V - ) : : a
Al

\
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Ge neralized Lithologic Log

Well| X42-7

Age

.O_ligocene to:Miocene(?)

2. p Permicn

Permian

Pennsylvanian

t<<«<<|> Paleozoic (?)

Formation

'

Bullion Canyon volcanics - parphyritic to aphanitic andesite

Coconino sandstone - white, quartzitic, very fine -grained
sandstone-with sulfide mineralization

Pokoon limestone - aphanitic to finely- crystalline cherty
- dolomite with

Ogquirrh formation - slightly fossiliferous calcareous dolomite,

intérbedded with dork,fine grained sulfide- rich sandstone

Contact. méfomorphic zone : :
3980’ to 4980 - finely crystalline,white to light -gray morble

6980’ to 7100’ - ccfino!ite; bioctite skarn

;;%%I,:g ;;gg: serpentine marble - rellow green 1 green .

7567710 75907 migmatite vein
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Generalized Lithologic Log i

well %31-33

Age

o 28 2" } ‘Recent
N\

¥ Vv v N
rv Vv v .
. Y Vv Y ’ : .
rv VvV v i ; ?
v e > Oligocene to Miocene(7)
rv v v
VNV

1000’ CCRICE )} Upper Cretaceous (?)
oo ‘to Paleocene (7]

A AN
7
L .
. /‘_ZZZI } Upper Paleozoic
2000’ L [,7 .
L/
"7
/ .
/1
/:/ .

3000’

> Liowerv_Tricssic

4000’

5000 | = Permian

T.D. 5221

Formation
Alluvivm

Bullion Canyon-volcanics - porphyritic ro-ijhQniHc andesitewith
CHorite and argillic alteration and sulfide mineralization

Claron formation- poorly sorted conglomeratic red siltstone
Unidentified - 1150’ to 1300’ medium groined dolomitic limestone
with minor sandstone and chert -

1300/ to 2885 aphanitic,cherty dolomite and
medium-groined colcareous dolomite with scattered
sulfide mineralization |

Faulf ot 2886’

Moenkopi formation - red ,calcareous, micaeous siltstone, and
white, fine-grained sandstone

Kcibab limestone - no returns. Core at 5015 to 5021, recovered
' 8 inches. Dolomite, dark gray, fractured, brecciated
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' Generalized Lithologic Log
Well %14-29

 Age Formation
v v Vv
Fr-v v ¥
"VVVV y\ - Cligocene to Miocene(?) Bullion Conyon volcanics- porphyritic to aphanitic andesite to latite
AEVASVARN : ‘ with hydrot errncl alteration.
vovv R ' :
LA 4 £—Upper Cretaceous to Claron formation - red calcareous silty conglomerate
1000’ h . Paleocene ?) ’ .
Paleozoic {7)... Unidentified formation - dolomitic limestones, dolomites, with minor
sondstones ond quartzites, with sultide mineralizotion
000" b
200 L
77 |
L ~

T.D. 2620°



S "~ DOWNHOLE LO

SGING TABLES

The folloWingvtables summarize downhole logging runs in the

CFSU wells. Logs will be available from:

Rocky Mountain Well Log-Servicé
. P.O. Box 3150 ° -
' Denver,:Coloradb' 80201

(303) 825-2181



28

28

28

28

26
26
27
27

Feb.
"Feb.
Feb.
Feb.
Feb.

Feb.
Feb;

Feb.

Mar.

Feb.
Feb.
Feb.

Feb.

. 78

/8
78
/8
78
78

78

78

78

78

78
78

78
78

- COVE FORT-SULPHURDALE #42-7

SCHLUMBERGER
LOGGING DATA-

 TYPE OF LOG RUN

aDual.Induction-Latero]ogv

with linear. correlating log;

SP

Compensated Neutron Log: GR

Temperature Log

" Cement BOndALog

Temperature Log

Dual Induction-Laterolog

. with Tinear.correlation log;

SP-

Borehole Compensated Sonic

Log; GR . o

Compensated Neutron-Formation

- Density with GR, Caliper
Temperature Log

"Four-arm continuous Dipmeter

- "GO-INTERNATIONAL"

LOGGING DATA

Temperature Log
Temperature Log

Temperature Log

Temperature Log

/

LOGGED INTERVAL
1520

50"

1320"
162"

o'

3358"

3358

3358"

300"
3358"

3450
300
300"

1200

1

t

3444 .

3428"

3447"
3314

3058
7692"

7674
7679

7550

6003" -

7327
7327"

7327"

7320

TOTAL
DEPTH

3447

3415
3447
3323"
3065
7695"

7681"°
7680°

7680" -
6004 "
7332

7332
7332



~ DATE

7/18/78

N

7/19/78

7/19/78

5/24/78

to

7/24/78

COVE FORT - SULPHURDALE. #31-33

_LOGGING DATA

TYPE OF LOG RUN

'Sch]umberger

Temperature Log (malfunction

suspected)

- [two maximum reading thermo-

meters run simultaneously]

Dipmeter and Four Arm Caliper .
(three maximum reading thermo- -

meters run simultaneously]

Dual Induction -.Laterolog‘_
[three maximum reading thermo-
meters run simultaneously]

" Compensated Neutron - Formation
- Density '

[three maximum reading thermo-
meters ‘run simultaneously]

Temperature Log’

~Geotex

Temperature,'Spinnér and Water
Aquifer Log '

- Radioactive Tracer and Spinner -
‘Log s ’

R. F. Smith Corggration3

Geothermal Data Log (includes

"~ engineering data related to
drilling, geological, and other

data)

-31-

LOGGED INTERVAL

. 0' - agss’
5207"-- 1735
5207' - 1735'
5206' - 1735
0' - 4858"

0' - 4858"

0' - 4858

52' - 5221

TOTAL
DEPTH

4858

5207

5207

5206

4858'"

4858'

4858"

5221



COVE_FORT-SULPHURDALE UNIT #14-29

LOGGING DATA

o | o o TOTAL
“TYPE OF LOG RUN 5 o DEPTH

SCHLUMBERGER

Dual Induction-Laterolog 8 o © . 2080"

" Formation Density-Compensated NéafrdﬁfPM- 5%2080‘
Dipmeter and Four Armm Calfpérbﬁ ¥ - ff 15268O'v*
Temperature Log ‘ ':}:  1’ ‘  ‘ _.2620‘
Dual induction—Latefo]og 8 f:, | | 2620
‘Formation Deniéty—Compensatéd ﬂeutfon . - 2620
Dipmefer and Four Arm Ca]ipef : » | _ 2620" -
“ Temperature Log" - :" | ?:' - ' 2620
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- RESERVOIR ANALYSIS

The reservoir analeis of Cove‘Fort—Sulphurdale Unit is based

on.the following tests:

1. Well #42-7:. Flow test, injection test, temperatﬁre
surveys,. preSSurebsurveys, and spinner_surveYs.

2. Well #31—33:‘ Temperature and-pressﬁre surveyé.

The important reservoir characteristics of the Cove Fort-
Sulphurdale reservoir are that it is (1) a low temperature,
and (2) a low pressure system.. Reservoir permeability-thickness

Apfodﬁct is about. 23,000 md-ft.

The,wells;wiil make poor producers because of the low pressure.
The pressure at 5,000 ft;'datumvisAabout 1540 psi which is
less than the hydrostatic.head‘of fresh water. The free water

‘surface in the wells is about 1500 ft. below the wellhead.

. Well #42-7 produced at. a rate of 47,000 1lbs/hr at 3 psig .

wellhead pressure and 200°F+ wellhead temperature.

Low temperature resource also reduces the flow rates of the
wells. At high temperatures, a. larger fraction of the fluid
will vaporize .in the well-bore thus reducing the bottomhole

flowing pressure and increasing the flow from the reservoir.



N

)

Permeablllty of the reservoir is fairly hlgh We calculated
a kH éroduct of around 23,000 md-ft. from the production/in-—
jection testé. High permeability and low pressure make these
wells good injectors. The wells are capable of taklng

1, OOO OOO lbs/hr at 0 p51g wellhead pressure

Based on the current economics, the resource discovered in the

Cove Fort_sulphurdale'Uﬁitlis'sub—commerciel.

-34-
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ENERGY SERVICES

INCORPORATED

Affiliated with Forsgren-Perkins Engineering
Energy Engineering and Development
Two Airport Plaza 1084 North Skyline Drive
ldaho Falls, idaho 83401
(208) 529-3064

September 22, 1982.
JFK~142-82

Dr. P. M. Wright, Associate Director
Earth Science Laboratory

University of Utah Research Institute
420 Chipeta Way, Suite 120

Salt Lake City, Utah 84108

COVE FORT WELL TEST 42-7

Dear Mike:

Thank you for your willingness to talk to the State Air

Pollution personnel with me, and to be interested in the
Cove Fort Well Test. '

Enclosed is a copy of the various analyses and test plans
that may be of interest.

We have never received the UURI document on log analyses
of that well. ( We requested a copy 2 weeks ago.) , Could
you have your secretary arrange to have a copy sent to us.

Sincerely,

ENERGY SERVICES, Inc.

F. Kunze, P.E.

Enclosure
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COVE TFORT, UTAH

GEOTHERIAL VELL 42-7

ANALYSIS
AND

EVALUATION

Based upon the reported résults of the Union testing in HMay 1978
and the R&R Energy testing in July 1980. Certain data has been
obtained from private communications with various persons
involved with the testing or observers: - Mr. Bull of the USGS,
Robert Helber of R&R Energy, Gary Foster of Instrument Service,
Gordon Ford of Forminco, and Ron Schroeder of the Berkeley Group.

Report prepared by: EWERGY SERVICES
TWO AIRPORT PLAZA
IDAHO FALLS, ID 83402
hugust 1982
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COVE FORT VELI 42-7

BACKGROUND ..
The well was drilled by Union 0il Company, in the SE, NE, NW

corner of Section 7, T 26 5, R 6 W within a few miles of the
intersection of Interstate Highways 15 and 70 in southern Utah.

The well was spudded on lovember 29, 1977 and completed at the
end of February, 1976 at a reported cost of $2,056,000. Total

depth when drilled was 7635 ft from Kelly bushing, with a
finished depth of 7610 ft. In tay of 1978, Union 0il Co.

performed both a production and a re-injection test on the well.

In July, 1980, R&R Energy performed some production testing on
the well. .They had planned to perforate the liner near the 2800
ft level, but such was not cone. The 3000 ft of tie-back 7-inch

diameter casing that Union had left in the well was removed.

'In Novemeber, 1981, Energy Services 10ggedathe well with a

temperature tool to the 4300 £t depth, and with a caliper tool to
the 2300 ft depth. ‘

The present condition of the well is as follows(all depths G.L.):

30 inch casing to depth of 10 f£t, cemented

20 inch casing from G.L. to 231 ft, cemented

13-3/8 inch casing, G.L. to 1532 ft, cemented
9-5/8 inch casing, 1325 ft to 3337 ft, cemented

7 inch casing, 3064 ft to 7595 ft, with some cementing from
the 3064 ft level to 4000 ft level

solid to 4333 ft, and with alternating sections of
slotted and solid casing from there to the bottom.

The static water level is approximately 950 ft., and production
zone temperatures are in the ranage of 310 to 330 F.
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WELL CAPABILITY )
Even once stimulated to produce fluids by using a gas lift, it
is not likely that the well will produce steam indefinitely,
though it apparently will continue to produce steam carrving some
water at a combined rate of nominally 40,000 1lb/hour for at least
a few hours. Shutting-in of the well immediately "kills" it.

Union O1il calculated the permeability-thickness of the formation
as 23 darcy-ft, a rather high value for a geothermal well.

Fluid quality of the water/steam produced by the well is 6000 to
7000 parts per million total dissclved solids (TDS), with some
results showing water as low as 4000 ppm, some as high as 9000
ppm TDS. However, hydrogen sulfide content of the water was
measured as approximately 100 ppm (a dangerous level), and
ammonia’ concentrations of about 50 ppm.
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CONCLUSIONS .
The production capability of the well, measured in terms of the
rate of fluid production vs. well drawdown from static
conditions- - i.,e the productivity index, appears to be nominally
the same for the results from the R&R Energies test as it was
from the Union 0Oil test. However, neither test was able to
gather data which would enable one to determine, quantitatively,
a productivity index, except for the injection test by Union 0il,
which gave a result of approximately 0.3 psi per gallon per
minute (0.7 ft per gallon per minute). That result is not
particularly outstanding for a water well, but nomianlly typical
for a geothermal well in this type of formation., It is suspected
that the zone between 2500 and 2800 ft could provide a
substantially higher productivity index for the well, based on
the production of fluids from that zone during drilling. (about
500 gallons per minute were-reported as being produced).

The above results indicate that -a pump setting depth of at least
1500 ft would be needed to produce 300 gpm of fluids that would
retain the carbon dioxide and other gases in solution until the
fluids reached the flash tank at the well head. In its present
condition the well cannot be relied upon to produce steam without
pump assist. Even if the production might continue indefinitely
after once being stimulated, such flow would not exceed 40,000
1b/hr over the long term.



COVE FORT GEOTHERMAL WELL 42-7

PROPOSED REMEDIAL WORK
AMND

WELL TEST PLAMN

Prepared by:

EMERGY SERVICES
TWO AIRPORT PLAZA
IDAHO FALLS, IDAHO
83402

hugust 1982
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It is proposed that three basic ovperaticons be undertaken on the
well, with a fourth operation being proposed as optional,
depending on the results of the f{irst three operations.

> -
-

1) Perforate the casing in the range of 2500 to 2800 ft, with 600
shots, each making a 0.49 inch diameter hole, and each shot
capable of penetrating both the casing and up to 17 inches of
cement., Log the well for temperature profile, to the 4000 ft
level.

2) Perform a nitrogen lift flow test, £for a period of
approximately 24 hours, or until the reserve pit is filled with
fluids. Adequate protection froir hydreogen sulfide poisoning must
be taken during this test period.

3) Log the well to determine the temperature profile after the
nitrogen lift tubing is removed (whether or not the well is
flowing). )

4) ~Use the wire line for the perforating service company to set
a bridge plug just at the liner hanger for the 7-inch tubing
(3040 ft). Air lift the well to determine productivity from the

perforated region, 2500 to 2800 ft.

The need for conducting Task 4 will depend on the results of
measured production from Task 2. If this measured flow is
substantially better than the results of the Union or R&R ttests,
it will not be considered necessary to conduct Task 4.



1) Perforation and lcgging - 515,000

2) Nitrogen lift, using 250,000 scf of nitrogen, and lifting from
3000 ft
- - $17,500 =

-

3) Logging the well for temperature to 5000 ft
- $4,000 ($5,500 if flowing)

4) (Optional) Installation of bridge plug. 7ill depend on
whether or not a retricvable plug is used., Includes flow meter
measurements.

- 518,000 (very approximate)

Mote: Option 4 may vary in costs 1f data gathered in the
previous steps indicate a dual completion for this well
might be feasible, such as producing from above the 3,000
foot level and injection below this depth.
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DRILL SITE RECOMMENDATIONS
for
MOTHER EARTH INDUSTRIES, INC. PROPERTIES"
COVE FORT-SULPHURDALE KGRA
MILLARD AND BEAVER COUNTIES,lUTAH

by

Joseph N. Moore
Howard P. Ross

December 1982




Executive Summary

The geoscientific data collected to date points to the existance of a
large, moderately high temperature geothermal system in the Cove
Fort/Sulphurdale area. Potentially productive portions of the field are
located in the southwestern portion of the property currently held by Mother
Earth Industries, Inc. (MEI). DOrilling depths to the geotherﬁal reservoir in
this area are estimated to be between 2000 and 3000 feet, based on data from
well 42-7 and existing electrical resistivity surveys. Two drill sites have
been targeted on Sec. 12, R7W T26S. One additional site is located in Sec. 7,
R6W T26S. The reservoir lithologies and temperature, and drilling
difficulties which may be encountered in this area are described in this

report.

Introduction

During the last few years a large amount of geoscientific data has been
collected on the Cove_Fort-Su]phurda]e area. Together, these data suggest
that the Cove Fort-Sulphurdale area contains‘a potentially 1arge, moderately
high temperature geothermal system. This report summarizes the geotechnical
data which bear on the siting of a deep geothermal production well on property

held by Mother Earth Industries, Inc.

The reservoir rocks penetrated in deep wells consist mainly of limestone
and dolomite capped locally by a thick succession of volcanic rocks. These
sedimentary and volcanic rocks were thermally altered approximately 24 million
years ago by a large body of quartz-monzonite, which is located beneath the
southern portion of the prospect area. Although this intrusive is too old to

supply - any heat to the present thermmal system, chemical analyses of fluids




discharged from well 42-7 (unpub. data, Appendix I) suggest that intrusive

rocks may be an important host to the thermal fluids at depth.

Fluid flow through the relatively dense metamorphic and igneous rock at
depth is restricted to faults and fractures. The major faults within the area
are steeply dipping northerly and easterly trending structures. These
structures are responsible for the formation of the dominant topographic
‘features within the area, and today are marked locally by the alignment of
sulphur deposits, altered ground, and fumeroles. Movement along the faults
that bound the Tushar Mountains created the Cove Fort-Beaver graben, a deep
basin now capped by recent basalt flows. Faulting was accompanied by large
scale landsliding along the northwestern edge of the range. These landslide
blocks form a relatively impermeable cap to the geothermal system between Cove

Fort and Sulphurdale.

Although the geometry of the geothermal system is not yet well
understood, several geologic and geophysical observations led Ross and others
(1982) to conclude that the exploration to date has concentrated on the
peripheral portions of the thermal field. These observations include: 1)
decreasing temperatures from Sulphurdale to Cove Fort, 2) generally increasing
resistivity values northward and eastward from Sulphurdale and c) anhydrite
mineralization in the deep part of well 42-7. This mineralization was
interpreted as resulting from the influx of cool water into the thermal
system. Recent f]ow tests of well 42-7 (unpub. data, 1982 report by Energy
Services) which indicate that fractured rocks near 3000 feet are transmitting

cooler water into well 42-7 further support this model.

Implicit in the definition of our target zone is our model for the

Avarall fava Fart-Sulnhurdale-Doa Vallev thermal occurrences. We envision
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high temperature fluids rising along deep seated young structures which bound
this northern limit of the Cove Fort-Beaver graben and cut the Cinder

Crater. The intersection of these zones with older, major east-west
structures provide the primary conduits for thermal fluids which migrate north
along basin and range faults and eastward along the base of glide blocks and
easterly trending structures. The thermal waters are increasingly diluted by

recharge areas in the Tushar and Pavant range.

General Area of High Temperature Potential

It is expedient to define a broad area of high temperature geothermal
potential within the MEI property block prior to recommending specific drill
sites. This has been done based upon our understanding of previous

exploration data and reports (Moore and Samberg, 1979; Ross; 1979; Ross, Moore

" and Christensen, 1982). This information has been supplemented by a limited

review of the geologic and geophysical data specific to the MEI land
position. The resultant area considered to have potential for high
temperature water (similar to, or greater than well CFSU 42-7) is shown on
Plate I. The area is essentially limited to section 12, T26S, R7W, and

section 7, T26S, R6W.

The target area is characterized by a large volume of low resistivity
earth as recorded by Union 0il Co. lines AA', and BB', and by Earth Science
Laboratory line 4 to the north. The extensive hydrothermal alteration at
Sulphurdale is a visible manifestation of proximity to a major hydrothermal
system. The area includes one or two north-northeast trending basin and range
faults which form the eastern border of the Cove Fort-Beaver graben, and as
such probably extend to great depth. These faults are seen in outcrop and are

evident in both qravity and magnetic data. The northern limit is jointly



defined by the MEI property border in section 1, the resistivity cutoff on
line AA' and higher resistivities on line 4 to the north, and by the apparent
decrease in temperature (from well results) to the north. The target area is

open to the south.

An eastern limit is provided by resistivity data, geologic structures and
probable increased distance from deep seated faults thought to act as the
primary conduits for high temperature fluids intersected in well CFSU 42-7.
The low resistivity zone is open to the west so the property border and

geologic considerations provide a western limit.

We also note areas of exploration interest in the north central part of
S1, T25S R7W and S6, T25S R6W. A narrow zone of 5 ohm-m resistivity occurs
along the projection of a NNE trending fault in section 1; this is thought to
indicate tﬁe leakage of thermal waters some distance from the thermal
center. Much of section 6 is of interest as an area sealed by the landslide

block (Moore and Samberg, 1979) adjacent to CFSU 42-7.

General Considerations

Three drilling targets were selected and prioritized within the property
boundaries. The prioritization was based on several factors including:
1) the probable existence of geothermal fluids at moderate depths (less than
several thousand feet), 2) the location of zones of high structural
permeability, 3) probable reservoir rock types, 4) possibility of encountering
extremely difficult drilling conditions, and 5) an evaluation of fluid

geochemistry.

We stress, however, that the work conducted on MEI property by Union 0il

f~a amd tha Nant nf Fnorav hac heen laraelv exploratorvy in scope, and much.



additional information is needed before reservoir temperatures and
productivities can be determined. A systematic exp]oraforation program
consisting of additional detailed geophysical techniques (including gravity
and electrical resistivity surveys) and drilling of three to four deep thermal
gradient wells could provide fhis information at a cost substantially less

than a single deep exploration well.

Location of Thermal Waters

To date electrical geophysical techniques have provided the most reliable
method of predi¢ting the existance of thermal fluids at shallow to moderate
depths. While we believe that the low resistivities accurately reflect the
presence of conductive, thermal fluids along the western edge of the property
held by MEI, the data are not sufficiently detailed to allow definition of
individual upwelling centers. Consequently we have relied extensively on

mapped relationships and supporting data from other geophysical techniques in

siting these drillholes.

Permeability and Reservoir Lithologies

The shallow portions of the thermal reservoir near Sulphurdale include
metamorphosed limestone and dolomite and hypabyssal igneous rocks which occur
as pipe like to irregular shaped bodies. It is anticipated that the highest
fracture permeability will be encountered in the metamophosed sedimentary
rocks adjacent to steeply dipping faults which can tap thermal fluids at
depth. Dissolution of limestone adjacent to fractures by circulating
groundwaters and fracturing of the metamorphosed rocks in the vicinity of
major intrusive bodies may serve to further enhance the initial fracture

permeabilities near Sulphurdale. In contrast water-rock interactions in



glassy intrusives, such as those which crop out in the Sulphurdale area, may

lead to a decrease in permeability as a result of clay formation along

fractures.

Volcanic rocks ranging in age from 19-27 m.y. and recent alluvial
deposits may also occur within the graben. These rocks are exposed‘on the
flank of the Tushar Mountains. Lithologic descriptions of the volcanic rocks
and their stratigraphic relationships have been detailed by Moore and Sandberg
(1979) and summarized by Ross and others (1982). Fluid movement through these
rocks may occur along both steeply dipping faults and laterally along bedding

planes, permeable sands, flow breaks, and at the base of individual landslide

blocks.

The distribution of steeply dipping faults and intrusive rocks near
Sulphurdale has been mapped in detail using a combination of geologic and
geophysical techniques. Major faults which could provide zones of high
structural permeability occur near the contact of a large deeply buried
intrusive near Sulphurdale. These have been chosen as the highest priority
sites within the target area. The location of these sites is discussed more

fully below.

Dfilling Conditions

A variety of severe drilling conditions have been encountered in this
area by Union 0il Co. and other operators. The most severe problems occurred
during the drilling of Forminco #1. These probléms are related to intense
decomposition of the reservoir rocks by downward percolating acid-rich water
which forms in areas where hydrogen sulphide discharges at the surface.

Similar conditions are likely to occur within the Sulphurdale pit.



Consequently we suggest that drilling in the pit be avoided.

Other problems have included the discharge of hydrogen sulphide gas and
frequent zones of lost circulation. Hydrogen sulphide discharges have been
encountered during drilling of all deep wells in the area. While we do not
anticipate a continuous discharge of high levels of hydrogen sulphide at any
of the targeted sites, the penetration of local pockets of gas, particularly

near the water table, is possible.

Methods to accurately predict the location of lost circulation zones have
.not yet been developed. Although zones of extreme lost circulation and
“running dolomite" are not likely to be penetrated, lost circulation related
to fracturing should be anticipated. The sealing of lost circulation zones
has proven to be extremely difffcu]t and costly in this area. Thus it may be
prudent to drill these zoﬁes “b1ind" to avoid both additional costs and the

possibility of formation damage to potential productive zones.

Evaluation of Fluid Chemistry

The analytical data for two fluid samples collected by Dr. J. Kunze
during an October, 1982 flow test of well 42-7 are presented in Appendix I.

The fluids are sodium-chloride brines with a total dissolved solids content of

approximately 4000 ppm.

Although the predominant rock type within the well 42-7 is limestone, the
chemistry of the discharged waters suggest that they have also interacted with
other rock types. For example, the relatively high sodium and potassium
contents of the fluids are typical of waters which contact more silicic rocks
such as the igneous rocks which underlie the Sulphurdale area. Calcium

contents of 50-70 ppm, are on the other hand, consistent with water rock



interactions involving limestone.

Estimates of the reservoir temperatures near Sulphurdale can be made by
applying various cation geothermometers to the fluid analyses. The results of
these calculations are presented in Appendix I, and suggest that reservoir
temperatures in excess of 200°C are possible. The relatively high contents of
boron (B) and fluoride (F) which are frequently enriched in high temperature

thermal waters is, we believe, consistent with the geothermometry estimates.

Drill Site Recommendations

A1l of the Union 0il Company exploration wells encountered extreme
drilling difficulty and as a result were very costly. Forminco #1 was
abandoned at 1050 ft and CFSU #14-29 was abandoned at 2620 ft. Our detailed
drill site recommendations are based on our understanding of specific
structures with the intent of intersecting structurally prepared zones at
depths below the water table in an attempt to minimize drilling problems while

simultaneously testing logical thermal conduits.

Drill Site 1. Our highest priority drill site is located near the center

of S12, T26S R7W (Plate 1). The site is 200 to 400 feet north of an east
trending fault believed to dip at a steep angle to the north, and 300-1000
feet west of a steeply dipping north-trending Basin and Range fault. The |
exact dip and position of the fault planes at a given depth are unknown. We
would hope to intersect one or both fault planes at depths greater than 1000
feet and test both faults and the intersection zone with this drill hole.
Resistivity data on Union 0il Co. lines AA' and BB' indicates a large area of
low (4-5 ohm-m) resistivity extending to depths greater than 2000 feet near

the site. A second northeast trending fault occurs west of the proposed drill



site. The site should be a sufficient distance west of the high voltage

transmission line to ensure safe drilling operations.

Drill Site 2. Site 2, located north of the Sulphurdale

anticipate, produce fluids of a quality slightly better than

pit will, we

those discharged

from well 42-7. Site 2 is located on the eastern edge of the area likely to

contain moderately high temperature thermal fluids at relatively shallow

depths, near a major structural intersection.

Drill Site 3. The third priority drill site is located:

southcentral edge of S12, T26S, R7W. The site'should be 200
of the northeast trending Basin and Range fault. The intent

hole would be to intersect the fault plane at depths greater

The site is inferred to lie within the broad low resistivity:

The nearest cross-structure control 1ine, Union 0il Co. Line
feet to the north., Low resistivities are indicated on Union

approximateTy 1500 feet to the east.

near the

to 600 feet west
of this drill
than 1000 feet.
zone at depth.
AA', is 5000-6000

0i1 Co. Line BB'
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APPENDIX 1
CHEMICAL ANALYSIS OF FLUID
SAMPLES FROM CFSU #42-7



SRS SEPER

Sample Number (Company): F/2
Sample Number (£ZSL)Y: 5
Company: FORMINCO

4

Analytic Date: 1982

LA RS AR SRR RS EEESAREERSEEERERREEEEREEREREREERREREBRBEIRZ TR I IRI SRV vy G g aay

Concentration Analytic Detection Concentration
(ppm) Method Limits (Moles/Liter)
Na 1417.00 1 l.20 0«516E-01
K 280.00 1 2.50 Ce716E-02
Ca 50.00 1 0.20 0.125€-02
Mg 2.00 1 0.50 0.823E~-04
Fe 0.92 1 0.02 001655"04
AL < 0.60 1 0.60 < 0.222E-04
Sic2 281.00 1 0e43 0e468E-02
B 10.50 1 0.10 De9T71E-03
Li Se.61 1 0,05 0.808E-03
Sr 239 1 0.01 ‘ 0.273E-04
Zn 0.30 1 0.10 0+459£-05
Ag < 0.05 1 0.05 < 0.464E-06
As 1.00 1 0.60 0+133E-C4
Au < 0.10 1 0.10 < 04508E-06
Ba < 0460 1 0.60 < 04437E-05S
Be < 0.01 1 0.01 € 0.555E-06
B1 < 2.50 1 2.50 < 0.120E-04
cd < 0.08 1 0.06 < 0.534E-06
Ce < 0.20 1 0.290 ¢ 0e143E-05
Co < 0.02 1 0.02 < 04339E-06
Cr < 0405 1 0.05 <:0e962E~06": - .
Cu < 0.06 1 0.06 < 0e944E-06
La < 0410 1 0.10 < 0.720E-06
Mn < 0.20 1 0e.20 < 0.364E-0S5
Mo < 1.20 1 1.20 < 0.125E-04
N1 < 0.10 1 0.10 < 0.170E-05
Pb < 0.20 1 0.20 < 0.965E-06
Sn < 0.10 1 0,10 < 0.843E-06
Sb < 0.70 1 0.70 < B.575E-05
Te < 1.20 1 1.20 < D0e940E-05
Th < 250 1 2650 < 0.108E-04
T4 < 0.10 1 06.10 < 0.209E-05
U < 6.20 1 620 < 0.260E-04
v < 1.20 1 1.20 < 0.236E-04
W < Q.10 1 0.10 < 0«544E-06
Zr < 0.10 1 0.10 < 04110E-05
Total Alkalinity
as HCO3 94,00 2 10.00 0«154E£-02
4 200 D.443E-02

S04 42600

~ "~ o~ A L tIC _N %

)
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— = Measured  3996.00
Calculated =~ 4087.72 6
100xMeas/Calc 97.76
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Analytical Methods:

1. Inductively Coupled Plasma Spectrometer

2 Titration (in Laboratory)

3. Titration (in the field)

4« Gravimetric

Se Specific Ion Electrode

6« Method of Hem (1570+ USGS water supply paper 1473)
7 phH meter (laboratory)

8 pH meter (field)

9. Colorimetric
10. Atomic Adsorption
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| !

| Na | 6163550
| K | 7.16076
| Ca ] 2449501
| Mg [ 0.16453
| Fe(+3) | 0.03255
[ Li | 0.80847
| Sr [ 0403455
| 2n | 0.003918
i As | 0.04004
R D
[ l

| Sum of Cations: | 7240094
e e
! |

| ANIONS |

|

| ]

| HCO03 | -1e53972
| C03 | 0.00000
| S04 | -~6.86946
} ct | ~51.33992
| PO4 i t.00000
| F l -0.36842
i ____ -

| |

] Sum of Anfons: | -62611752
| — e _

| -

| CATION-ANION |

i BALANCE : | 1028342
| [

| Balance/Larger Sum] 14420

| t

| I
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CATIONS

Total Cations

—— — — ——— — —— — — o —— — — ——

HCG3
Co3
S04

Jrm o et e . e - — — — — — o~ —

— ——— —— —— — — . — — . S . S O

| Percent

(Millieag./Lliter)

|
|
|
|
I
|
|
{ 8626
|
!
|
[
|
|
I

6163550
716076 10.02
249501 J3e49
__0:16453 __0.23
7145576 100.00
_________________ - o
______________ P

|

n

|

1
1.53972 | 2.49
0.00000O | 0.00
8.86946 | 14436
_51.339391 | _83.14

|
6174908 | 100.00

|

|

|

L

e e e — e e e ————— . — s — —




R R L RV U L R A X

AR ERNA T R RRR T T AR AAAR AT AN ATAANS AAAAARN AR TR AR AAERAN A RT R AR A AR AN AR N AR NN

Temperature

Geothermometer {Degrees_C) Reference
Guartz (no steam loss) | 204. Fournier (1981)
Quartz (maximum steam Loss) 188. Fournier (19%81)
Chalcedony 187. Fournier (1981)
alpha-Cristobalite 156. Fournier (1981)
beta-Cristobalite : 106 Fournier (1981)
Amorphous Silica 80. Fournier (1981}
Na/K (Fournier) 283. Fournier (1979)
Na/K (Truesdell) 275, Fournier (1981)
Na-K-Ca 259. (beta=i/3) Fournier3Truesdell

(1374)
Na-K-Ca with Mg correction

256, (R= 1.7) Fournier&Potter

(1979)
Na/sL1 169. Fouillac&Michard

(1981)
Li 225, FouillacidMichard

(1981)



LA BB R R RS E NN EREEEERETEREREETETREESEEERERENEEEEEEEEEEEESEEREEERERES SRS EREREREERR:

—— - —— e

Fouillacy C. and Ge. Michards 1981y Sodgium/Lithium ratio in water
applied to geothermometry of geothermal reservoir: Geocthermicsy

Ve 10' 053‘70.

Fourniers ReQey 1972y A revised equation for the lia/K geothermométer:
Geoth. Ress. Council Tran.s ve 3¢ p221=-224.

Fourniers Re. Cey 19814 Application of water chemistry to geothermal
exploration and reservoir engineering; in L. kRybach and LeJe.Fe.
Muffler: Geothermal Systems: Principles ano Case Histories,
John Wiley and Sonsy NeYos pl09 - 144,

Fourniery R. 0.y and R. We Potters I1s 19799 Magnesium correction to
the Na-K-Ca chemical geothermometeriGeochim. Cosmochime Actas

Ve 434y pl1543 - 1550,

Fcurniers Re Uey ancd A. He Truesdelly 19744 Geochemical indicaters
of subsurface temperature - Part 24 Estimation of
temperature and fraction of hot water mixed with *cold water:
Jour. of Researchy U.Se. Geological Surveysy vo. 24 p263-270.
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Collection date:

Anaitytical Uate: 1982
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Sample Number (Company): F/2
Sample Numoer (ESL): 6
Company: FORMINCO

Analytic Date: 1982

I AR R EESAEE R SRR ER SRS R SRS SRR R R R AR R R RS R E N E RS EEEE R EEEEREREE EEEEREEE R R

Concentration Analytic Cetection Concentration

(ppm) Method Limits (Moles/Liter)
Na _ 1574.00 1 1.20 0.585E£-01
K 331.00 1 2.50 0.847E-02
Ca ) 72.00 1 0.20 0.180E-02
Mg 9.00 1 0e5C 0«370E-03
Fe 259 1 C.02 Oe464E~04
AL < 0.60 1 0.60 < 0.222E-04
SiG2 291460 1 0.43 b.484E-02
8 12.40 1 0.10 0.115E~-02
Li 661 1 0.05 0.953E-03
Sr 2420 1 0.01 0e2S51E~-G4
Zn 1.70 1 Go10 0.260E-04
Ag < 0.05 1 Ce0Y < De464E-06
As _ 0.50 1 C.60 0.120E-04
Au < 0.10 1 0.1C0 < 0.508E-06
Ba < 0460 1 0«60 < 0.437E-05-
Bi < 2450 1 250 < 0+4120E-04
cd < 0.06 1 0.0 < 0.534E-06
Ce < 0.20 1 0.20 < 0.143E-05
Co < 0402 1 .02 < 0.339E-06
Cr < 0.05 1 0.05 < B8.962E-06
La < 0.10 1 0.10 < 0.720E-06
Mn < 0.20 1 0.20 < 0.364E-05
Mo < 1420 1 1.26 < 0.125E-04
N1 < 0.10 1 0.10 < G.170E-05
Pb < (.20 1 0.20 < De965E-G6
Sn < (.10 1 0elC < 0.843E-06
Sb < (.70 1 0.70 < 0.375E-05%
Te < 1.20 1 1e20 < (G«940E-05
Th < 250 1 250 < Ue103E-04
Ti < 04,10 1 0010 < 04209E-05
u < 620 1 becl < Ge260E-04
v < 1l.20 1 1.26 < 0.236E-04
W < 0«10 1 0e1GC < GeD44E-06
2r < 0«10 1 G«10 < UBe11UE-0S

Total Alkalinity

as HCOG3 148.00 2 10.00 te242E-02
S04 375.00 4 2.00 0.530E~-02
ci 2130.00 2 2.00 0.601E-01



Calculated 4575.20 6
l00xMeas/Calc 96 .14
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Analytical Methods:

le. Inductively Coupled Flasma Spectrometer

2. Titration (in lLaboratory)

3. Titration (in the field)

4, Gravimetric

5. Specific lon ElLectrodge

6e Method of Hem (15704 USGS water supply paper 1473)
Te pH meter (laboratory)

8. pH meter (field)

9. Colorimetric

10. Atomic Adsorption

(L2 S AR R R EE R EEREERRZE RS R RS RS R E R R Z R R R R R AR R RREEERRRRRARESRRElRRSSN S SR RN S
I E R AL R SRR EEE SR RIS EAREER R EERERERlE RS SR AR SRR ERRREEERRRRERRRERESR RSN S RN NN



I
| CATIONS

Mg
Fe(+3)
Li
Sr
Zn
As

— v G — a—— o—— — — o—

l Sum of Cations:

U,

| ANTONS

]

| CATION-ANION
I BALANCE :
I
|

6£.46455
Be846504
355281
0se74038
0.09275
(«35259
G.05022
0.05201
0.03604

——————— ———— — — ——— — S —- ——— —— {—-

3.00000
-T7T.80762
-60.08463
G.00000
-0.35789

————— i S ot . T o T o ot T i, e s s -

. —— — — — — — — —
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|
Percent |
|
|

|
|
| titer | (Millieg./liter)
| I
b e b |
| | | |
[ | | |
| CATIONS ( ! |
| { | {
| Na | 6846455 | §4.25 |
| K | 846504 | 10442 |
| Ca | 3.59281 | 4442 |
| _Ma___ | 074038 | --0.21 |
I | | |
| Total Cations | 8le26276 | 100.00 |
| | | |
| | | |
e e b e |
e | e |
| | | |
| | | |
i ANIONS | | |
| | | |
| HCO03 | 2442424 | 3445 i
| Co3 | 0.00000 | 0.00 |
| S04 | 7.80762 | 11.10 ]
| Lt ___ | 6008463 | 8343 |
| I | |
| Total Anions | 7031648 | 100.00 |
| | I |
| | I ]
e _— Y P |
L ) - —_— —_—d ——
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Geothermometer

——— s —— ——— . —— . ——

Quartz (no steam Loss)
Guartz (maximum steam Lloss)
Chalcedony
alpha-Cristobalite
beta-Cristobalite

Amorphous Silica

Na/K (Fournier)

Na/K (Truesdell)

Na-K-Ca

Na~K-Ca with Mg correction

Na/sC4

Li

Temperature

217

174.

253

(betaz=1/3)

(R=

cc

Feference

Fournier (1S81)
Fournier (1981)
fFournier (1581)
Fournijer (1381)
Fournier (1%E1)
Fournier (1581)
fournier (1979)
Fournier (19612
Fourn%er&Truesdell
(1974)
Fournier&Potter
(13979)

frouillac&Michard
(1931

Foujllac&Micharaga
(1981)
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Fouillacy C. and G« Michardy 1981y Sodium/Lithium ratio in water
applied to geothermometry ot geothermal reservoir: Geothermics
Ve 101 ;)55"700

Fourniery ReDe.y 1979y A revisec equation for the Na/K aeothermometer:
Geothe Rese Council Tranes ve 39 0221-224.

Fourniery Re Uey 1981y Application of water chemistry to geothermal
exploration and reservoir engineering; in L. Rybach and Ls«JeF.
Muffler: Geothermal Systems: Principles and Case Histories,

‘ John Wiley and Sonssy NeYes D109 - 144,

Fourniery Re UJeog a@Nd Ke We Pottery IIy 1379, Magnesium correction to
the Na-K=-Ca chemical geothermometer:Geochima. Cosmochime. Actay
Ve 43y D1543 - 1550..

Fourniery R. Cey and A. He Truesdelly 19744 Geochemical indicators
of subsurface temperature - Part 2¢ Estimation of
temperature and fraction of hct water mixed with tcolu water:
Jour. of Researchs UsS. Geological Surveys ve 29 p2€2-270.
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Collection date:

Analytical Date: 19582
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Geothermal Site

Well Unexpectedly Hits
‘High-Pressure Steam

By Mike Gorrell
Tribune Staff Writer

BEAVER — High-pressure steam
in a reservoir of undetermined size
.was struck unexpectedly Monday at
"a geothermal well site 20 miles
north of here, the president of the
drilling company said Tuesday.

Wayne Portanova, president of
Mother Earth Industries, said crews
have been working to cap the well at
the Cove Fort drill site since the
“steam pocket or reservoir’ was
tapped around 1 a.m. Monday.

“We have no idea what this ani-
mal is,” Mr. Portanova said, adding
-that the discovery was made within
‘an area where geologic studies and
previous drill tests had not shown
any concentration of high-pressure
steam.

Looks Like Major Site

“I couldn’t be happier, if we get it
.capped safely,” Mr. Portanova said.
“It looks like one of the major geo-
-thermal resources in the western
"United States,” he added.

. The volume of the pressure and its
-limited depth below the surface
.were the major surprises. Based on
;early calculations, he projected the
-well could produce 5 to 10 mega-
.watts of steam energy in a regular
- generator or 15 to 20 megawattsona
_specially constructed binary steam
‘ generator.
- Company officials contacted . the
- Beaver County sheriff and emergen-
_cy medical officials shortly after 1
a.m. Monday, asking the sheriff to
-close the main road to the well site
:and to evacuate hunters from a two-
-mile area surrounding the drill site.
Initial reports indicated the
.blockade was initiated because poi-
-sonous hydrogen sulfide gas was
.leaking from the well.

] P
1 .

Mr. Portanova acknowledged that
a “low-level concentration” of hy-
drogen sulfide gas had been detect-
ed at the well, but said it did not
represent a health threat to crews
trying to cap the well or to others in
the area. .

About 40 men are trying to put a
control system into place to cap the
well. Those working near the well
are wearing emergency air packs to
protect their eyes and lungs from
the hot steam, not from poisonous
leaking gas, Mr. Portanova said.

“There’s one-tenth of the lethal
dosages right next to the well
There’s none probably 100 feet
away,” he said. -

‘Containing Mechanism’.

The well probably will be capped
in the next 24 hours. Pumping cold
water into the pocket has proved an
“efficient containing mechanism,”
but a lack of equipment at the well
site has prevented cold water from
being pumped underground steadily
enough to permit the well to be
capped, he added.

The discovery was made at a well
site less than 1,400 feet from one of
four wells previously drilled by
Union Oil Co., Mr. Portanova said.
None of the Union Oil tests found
underground steam reserves of 350
degrees or more.

“The geologists’ reports said the
same thing, then bingo, surprise,” he
said.

Mother Earth Industries is a
small, family-owned private drilling
company developing a 1.8 megawatt
generator at the site. The company
discovers geothermal resources
for sale to Provo City’s power com-
pany, said Mr. Portanova of Green-
wich, Conn.

—r Y e e
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EARTH SCIENCE LABORATORY

420 CHIPETA WAY, SUITE 120

SALT LAKE CITY, UTAH 84108
TELEPHONE 801-581-5283

PROPOSED PRESS RELEASE

On October 24 a geothermaT well being drilled by Mother Earth Industries
in the Cove Fort/Sulphurdale KGRA in cenfra] Utah encountered a substantial
amount of high-temperature steam from a depth somewhat less than 1200 feet.
The well flowed out of control until approximately November 20, when it was
capped. This well is especial]y'signficant'bécause it represents the fifst
high-volume, high-temperature production from the Cove Fort area, and it
therefore indicates a substantial potential for commercial development in the
area.

The well was sited for Mother Earth by scientists from the Earth Science
Laboratory of the University of Utah Research Institute (ESL/UURI).
Essentially all of the geological and geophysical information used to site the
well was public information that had been developed previously through an
exploration cost-sharing agreement between Union Geothermal, who held the
property at that time, and the U.S. Department of Energy (DOE). Joseph N.
Moore and Howard P. Ross of ESL/UURI refined the geothermal tafget concepf and
summarized their conclusions in a report to Mother Earih Industries in which
they recommended the drill site to test for a higher—temperaturé reservoir.
The discovery well was specifically sited to penetrate buried fault zones
which are believed to form the plumbing system for the resource by conducting

steam and hot water upward from greater depths. .

Future Plans ------
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420 CHIPETA WAY, SUITE 120

SALT LAKE CITY, UTAH 84108
TELEPHONE 801-581-5283

PROPOSED PRESS RELEASE

On October 24 a geothermal well being drilled by Mother Earth Industries-
in the Cove Fort/Sulphurdale KGRA in central Utah encountered a substantial
. amount of high-temperature steam from a depth somewhat less than 1200 feet.
The well flowed out of control until approximately November 20, when it was
capped. This well is especially signficant because it represents the first
high-volume, high-temperature production from the Cove Fort area, and it
therefore indicates a substantial potential for commercial development in the
area.

The well was sited for Mother Earth by scientists from the Earth Science
Laboratory of the University of Utah Research Institute (ESL/UURI).
Essentially all of the geological and geophysical information used to site the
we]]lwas public information that had been developed previously through an
exploration cost-sharing agreement between Union Geothermal, who held the
property at that time, and the U.S. Department of Energy (DOE). Joseph N.
Moore and Howard P. Ross of ESL/UURI refined the geothermal target concept and
summarized their conclusions in a report to Mother Earth Industries in which
they recommended the drill site to test for a higher-temperature reservoir.
The discovery well was specifically sited to penetrate buried fault zones
which are believed to form the plumbing system for the resource by conducting

steam and hot water upward from greater depths.

Future Plans ------



EARTH SCIENCE LABORATORY

420 CHIPETA WAY, SUITE 120

SALT LAKE CITY, UTAH 84108
TELEPHONE 801-581-5283

PROPOSED PRESS RELEASE

On October 24 -a geothermal well being drilled by Mothe} Earth Industries
in the Cove Fort/Sulphurdale KGRA in central Utah encountered a substantial
amount of high-temperature steam from a depth somewhat less than 1200 feet.
The well flowed out of control until approximately November 20, when it was
capped. This well is especially signficant because it represents the first
high-volume, high-temperature production from the Cove Fort area, and it
therefore indicates a substantial potential for commercial development in the
area.

The well was sited for Mother Earth by scientists from the Earth Science
Laboratory of the University of Utah Research Institute (ESL/UURI).
Essentially all of the geological and geophysical information used to site the
wel]-was public 1nforhation that had been developed previously through an
exploration cost-sharing agreement between Union Geothermal, who held the
property at that time, and the U.S. Department of Energy (DOE). Joseph N.
Moore and Howard P. Ross of ESL/UWRI refined the geothermal target concept and
summarized their conclusions in a report to Mother Earth Industries in which
they recommended the drill site to test for a higher-temperature reservoir.
The discovery well was specifically sited to penetrate buried fault zones
which are believed to form the plumbing system for the resource by conducting

steam and hot water upward from greater depths.

Future Plans --=----



EARTH SCIENCE LABORATURY
UNIVERSITY OF UTAH RESEARCH INSTITUTE

PROPOSED GEOLOGICAL AND GEOPHYSICAL WORK AT COVE FORT, UTAH

ESL plans to write an unsolicited proposal to the U.S. Department of
Energy (DOE) for research work in the Cove Fort/Sulphurdale KGRA in
central Utah. The work we will propose will have the scientific

objective of studying the area as a potential major resource and can be

»categofized as follows:

Geology/Geochemistry

1. Mineralogic study of the new Mother Earth Industries well along with
work on other geothermal exploration wells to develop volcanic
stratigraphy for the area.

2. A surface soil mercury survey to determine whether or not faults and
fractures can be defined with this technique.

3. Sampling and chemical analysis of gases-from wells and fumaroles in
the area to study their variation in relation to models of the
subsurface reservoir.

4, Detailed geologic mapping of the 10 square mi]és surrounding the
discovery well for the purpose of better defining structures, rock
types and hydrothermal alteration.

Geophysics

1. Dipole-dipole resistivity surveying using 500-foot dipoles to better
define faults and fractures carrying geothermal fluids.

2. Detailed Qravity surveying along profiles crossing suspected fault
locations and graben-bounding structures to help define these

structures.



3. A spbntaneous-potentia] (SP) survey of the 6 square miles surrounding
the discovery well to determine ff subsurface fluid movement can be
mapped using this technique.

II. We plan to ask DOE for about $200,000 to do this work.
IIl. We need the cooperation of Mother Earth Industries in this proposed
work. Specifically we would like to have:
1. Access to the property
' 2. Pefmission to publish results of these studies
' 3. A letter indicating this support that we can send to DOE along’

with our proposal.
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AROUND

THE“LUEST

Crews working to cap
'huge geothermal well

BEAVER (UPI) — Engineers are
1mportmg equipment from Oklaho-
ma in their attempts to cap a huge,
surprise geothermal strike emitting
a flume of high-pressure steam.

Engineers hope to cap the high-
pressure stream this week, but Ray
Gould, drilling engineer at the Cove
Creek well site, said he is moving
slowly to make sure the volatile well
hurts no one.

“It looks like Tuesday or Wednes-
day before it’s capped, but that could
change,” he said. “We’re going cau-
tiously, making sure nobody gets
hurt.” N

The huge Oct. 24 geothermal
strike was an unexpected delight for
the drilling company, Mother Earth
Industries. Earlier drilling tests sup-
ported geological reports that no
such large geothermal reserves ex-
isted so close to the ground.

Gould said the company plans to
build a power plant eight to 10 times
the size originally planned for the
area. He says the plant will be ready
by August 1984. Mother Earth was

searching for geothermal-energy to-

generate power for Provo.

“It (the size of the geothermal res-
ervoir) ‘made us change our tofal
plan. But it’s still pretty early to as-
sess the whole picture,” he said.

Gould said special “snubbing”

equipment | is being brought in from
Oklahoma to cap the well. Once that

- equipment is in place, crews will in-

stall a casing through which con- -
crete will be poured to bring the well
under control.

The company now discounts earli-
er reports that hydrogen sulfide gas -
contained in ‘the superhot steam
poses a threat to public health. )

" Mother Earth President Wayne
Portanova says the low -concentra-
tions of the toxic gas do not threaten
the workers at the site.

-Gould said the-flow-is being moni-
tored constantly, with readings
showing a slight but constant de-
crease in the concentrations. He said
safety engineers are still at the site,
but 90 percent of the time they do not
need to wear protective suits with
air units. ’

Initially, workers tried to bring
the strike under control by pumping
cool water into the hole.:

“We dld that for about 48 hours
and then found out everythmg you
put in came right back out,” Gould
said. Hence, he decided to.send to

" Oklahoma for the heavy equipment.

He said once the well is cdpped,
other wells will be drilled to deter-
mine more precisely the actual size
of the underground reservoir.
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VITAL
STHTISTKS

Mabel Chapman
" RICHFIELD-Mabel * Sinclair
- Chapman, 86, died November 3

1983, in Rlch-
fueld

Born ober
14 1897 Ban-

Marnage licenses
- Salt Lake County

1sey. . Married
\Irvmg "Harold
Chaoman, in
1917 in Weiser,

T Marion, IV, 21, Salt Lake CI'V
Cindy, 20, West. Valley City.

Salt Lake City.

-§oenunmes

———————— -~

Nila Faye Darton
‘Nila Faye Merrell Dartfon, 79,

", beloved wife, mother and grand- .

mother,

Chihuahua,
‘Mexico. Married
Klin James

.emnized in the
Mesa LD

S
Temple. Life .long active LDS !

ember. Completed a temple
_mission with her husband to
*New Zealand. She was active in

gardening, music and hand-
craft.
Survivors: Husband, sons,

daughters, Helen Kankel, Tex-
as;’ Florence Green, Mona
Madsen, Lawrence  Darton,
.Ramon Darton, Ruth Joy Burr,
glln ‘3. Darton Jr. and Arlene

ulette of California,.39 grand-
Children; 64 great-grandchild-
ren

™ Funeral services wilt be Tues-
day. Nov. 8, 11:00 a.m., at the
West Jordan 46th Ward: chapel,
7350 So. 1300 West, re
friends may call one hour prior.
Interment Lake Hills Memorial
Park. Funeral directors Deseret
Mortuary in Sandy.
T /07 N311/07

“, lrene J. Beal

Irene Jensen Beal, age 93,
beloved rnother, grandmother
and great--
grand-mother, -
passed away
November " 6,
= 1983, in Salt

- Lake City.

Born  August

WILSON-BOOTHE: Frank|Mmarriage was

WURSTEN-STEELE: Bryce
Hansen, 21; Karen Ann, 23, both in Emmitt,-

iidaho, this

later  dissolved
by divorce; one ch
of this union.
She was reared and educated
ldaho, where she
| graduated from High School.
Survivors: one daughter, Mrs.
I Merrill  (Marguerite) Hatch,
'Richfield, Utah; three grand-
children; Mrs. Ramon (Mari-
lyn) Edmisten, Sandy, Utah;
Mrs.  Christopher  (Tina)
Kearns, Arlington, Texas; Gary
‘| L. Hatch, Orem, Utah; four
great-grandchildren; -two sis-
ters, Mrs. Paul (Zella) Parks,
‘Boise, Idaho; Mrs. Robe
'(Madelme) Felts, Eugene,
Oregon; pri in death by
fwo sisters, and one brother,
Buddy” (Gertrude) Har-
nman, Mrs. F.F. (Anna) Brown
' and Millard G. Sinclair. .
Graveside services will be
held Saturday, November 12,
1983, at 2:00 p.m. in the Rich-
, field City Cemetery. Directed by
i the "Neal S. Magleby .& Sons

T1/8

was born

Stacy E. Madsen

.Stacy Emma Madsen, 25, died
November 4, 1983, in Ephraim,
Utah of cardiac
arrest aggravat-
ed by an asth-
matic attack.

Born October
14, 1958, in Salt
Lake City to
Hazen. and
Mavurine  Mad-
sen. Graduate of
Murray High,
School.  Served-
on a mission ‘fo
the Navaios and
Hopis. in the

refurning home Sept. 11, 1983.
Worked as a service representa-
tive for Mountain Bell.

Survived by her parenis of
Murray; brothers and sisters,
Mrs. Dale Lee (Linda) Bennett,
Carla Madsen, both of West
Jordan; Mrs. William (Karen)
West, Guam; Harlan Madsen,
West Valley City; nieces and
Travis _and

§ Preceded in death by Valerie
and Jennifer West.
Funeral services will be held

'l Jepsen,

't ‘Salt Lake Citv;

Hoibrook; Arizona LDS Mlsston. )

{ Murray. Second Ward Chapel,

Ted C. Hansen .
RICHFIELD — Teddie Carlos
I

“Ted’’ Hansen, age 77,
November

er 1, 1905, Ricn
field, Utah .

ns James a nd
Sarah Christen-
sen Hansen.
Married,

cember 31, 1934, o
Richfield, Utah.

Richfield, Utah. He graduated
from Richfield High School and
from BYU. He was a member of
the LDS Church, serving in the
scouting program’ and in the
Sunday School Superintendency.
He was with the Utah Highway
Patrol for 26 years. He was a
member of the Utah State Re-

tired Employees Association.

He is survived by Wife, Rich-
field; two sons, two daughters,
Ted Lee Hansen, Richfield,
Utah; James Carlos Hansen,
Mrs. Leland
(Betty) Valdez, Loomis, Califor-
nia; Mrs. Bud (Valeria) lvie,
Holden, Utah; rt
Hansen, Richfield, Utah, tw?
Chrisfensen, Salt take City!
Mrs. Lawrence {Mildred)
Edwards, Ogden; 19 grandchild-
ren; 22 greatgrandchildren;
preceded in death by three
two sisters, James
Don" Lama ar, Norman

. sisters, Mrs. Horace (LaVonda

‘Utah Lue Sarah and Ireta Ma-

Funerai services will be held
Wednesday, November 9, 1983
at 12:00 Noon in the Richfield
Eight LDS Ward Chapel.
Friends may call at the Neal S.
Magleby and Sons Mortuary,

Tuesday evening from 7-9 p.m.

and Wednesday morning from
10:30 to 11:30 a.m. Burial: Rich-
field City Cemetery under the
direction of the Neal S. Magleby
and Sons Martuary.

NI A : Tn/e

. Ruth S. Hansen'
‘Ruth Anona Showell Hansen,
79, passed away on November 6,

W
C

Wié?am
age 85, pd
1983, il
Lake City.

Born Ju
1898, in
Lake City
William 1
and Ada (
Cannot
Married ¢

Anderson
30,. 1919 |
Salt Lake
Temple. |
in the L

'| Ward, Sall

City. Bish
Vista, Ca
presidenci
Santa M«

geles Rot:
administr:
sion of Wi
rion durin
President

great-gran
ers and o
Cannon, A
both of Sa

killed in V\
Funeral
ducted We

lingering iH-

S.

Born Decemb-
er 12, 1903, fo
Albert and Fio-
rence Showell in
Salt Lake City.
.Mamad Edgar. N

W ansen,
w;vewber 23., N3 11/7

4. He prece: _
ed her in death BAILEYS
Member of the Wednesda
LDS Church. pm. at th
Throughout her life she was|\ward, 270
very active teaching ceramic| friends mq
arts and china painting and was | g.39 o m
known as one of Utah's leading{ po - prion
china painters. Operated her | Radw,

own | school and shop ‘Ceramics




November 10, 1983
Proposed Press Release

GEOTHERMAL STEAM WELL NOT LUCK - JUST GOOD SCIENCE

Scientists of the Earth Science Laboratory, University of Utah Research
Institute (ESL/UURI) announced- today that the Cove Fort geothermal steam well
was not really as surprising as indicated in recent press and TV news
coverage. The scientists strongly objected to comments attributed to drilling
supervisors that "geologists reports had not indicated a geothermal reserve at
that 1ocation.so close to the surface.”" They admitted some surprise at the
shallow depth of the steam entry but explained that the well was specifically

sited in an attempt to tap such a resource.

Dr. Joseph Moore and Df. Howard Ross, Section Heads for the Laboratory's
Geochemistry and Geophysics groups, respectively, began their studies of the
Cove Fort-Sulphurdale KGRA (Known Geothermal Resource Area) in 1978 through
funding by the Department of Energy/Division of Geothermal Energy's Industry
Coupled Program. In this program the DOE cost shared geothermal research and
exploration projects in Utah and Nevada with industry. Government
expenditures for the programs exceeded $14,000,000 between 1978 and 1981 but
industry contributed a greater amount, and all the basic exploration and
engineering data from the program were made available to the public (academic,

government and industry).

The initial Cove Fort exploration and drilling program, a joint venture
between Union 0i1 Company and DOE, was the most costly single project in the
program because three deep exploration well tests were completed, indicating

an underpressured reservoir of approximately 350°F.



The Earth Science Laboratory - UURI assisted the DOE in the management of
the Industry Coupled Program and undertook a series of in depth studies of the
area. Dr. Moore completed a detailed geologic mapping of 40 square miles
surrounding the area and studied fluid geochemistry and mineralogy of the
system. He eventually concluded that the geothermal reservoir drilled by
Union 0i1 Company (maximum temperature 350°F and uneconomic) was peripheral to
a higher temperature reservoir and was probably leakage from the main thermal
system. DOr. Ross conducted a series of geophysical surveys which helped
define the complex geologic structure (extensive faulting) and gave an
indirect indication of the geothermal reservoir. Ross and Moore presented
their results before the Society of Exploration Geophysicists annual meeting
in Houston, Texas in November 1980 and published their reports to DOE in June
1982. They indicated the presence of a higher temperature reservoir west of
the area drilled by Union 0i1 Company, probably linked to very deep seated
faults. These reports encouraged Mr. Wayne Portanova (Mother Earth
Industries) and other industry groups to continue their exploration on a low

cost basis.

Moore and Ross refined their target concept in later studies and
summarized their conclusions in a report to Mother Earth Industries in which
they recommended three drill sites to test for a higher temperature
reservoir., The discovery well Was specifically sited to intersect one or two
buried fault zones near their intersection, at the suspected depth of the
water table (about 1200 feet). Their report also anticipated the presence of
local hydrogen sulfide pockets near the water table, and of difficult drilling

problems.

While the penetration of a high pressure-high temperature steam conduit



at 1200 feet was not specifically anticipated, this was clearly the target
sought. Ross and Moore feel that their interpretation of a large high
temperature reservoir has been confirmed, and that the fault(s) penetrated are
high permeability conduits which directTy tap the deeper reservoir, and

essentially act as a deep extension of the present well.

The scientists were less surprised at the intersection of the steam zone
than they were at the drilling program. They noted that blow out preventors
(BOP - specialized plumbing hardware) are routinely used in all geothermal
drilling operations and are generally required by regulatory agencies such as
the BLM and USGS. They proved the point by noting that ESL is currently
supervising two geothermal drilling ventures for the Air Force, one near
Lack]and; Texas and one on Ascension Island in the South Atlantic, and blow

out preventors were in place for all holes being drilled.

The drilling supervision at Cove Fort was termed "irresponsible" and
detracted from an otherwise highly successful exploration effort by Mother
Earth Industries. The scientists indicated that the concern over the bfowing
well, the great expense of capping it (over $300,000) and the loss of all that
thermal energy could easily have been avoided by professional drilling

supervision.

On the bright side, what may be one of the countries largest high
temperature geothermal reservoirs has been discovered, and this lTow cost non-

polluting energy supply will soon be available to Utahns.



"To Cap Spewing Well

BEAVER, Beaver County (AP) —
Drillers were trying Thursday to
come up with a way to cap scalding-;
hot steam gushing from a well unex-
pectedly discovered near Beaver
officials said. :

The Beaver .County sheriff's de-
partment said no work on the well

was being done Thursday. A spokes-

man said the well’s .owners were
trying to come up with a way to cap
the well.. S :
Wayne Portanova, president of
Mother Earth- Industries, had said
late Wednesday- that. the steam
pocket, discovered at a relatively
shallow depth of less than 1,200 feet,
could produce between five ‘and 10
megawatts, of electricity if.- har-
nessed. : o —
«I¢'s ferocious,” Portanova said.. .
. Portanova said the steam was
found at a much shallower depth
and is much hotter than is typical.
He said the temperature of the
steam is estimated at 500 degrees to

600 degrees Fahrenheit.
Portanova said the steam pocket -
was discovered in an area where
previous drill tests had not shown
any concentrations of high-pressure
steam. Another well, less than a
‘mile away, produced steam at about
350 F at a depth of about 2,000 feet,
which is normal, Portanova said.

" He said he ordered his crews
-away from the well to discuss meth-
ods of capping it. ~ - R

‘The well was spewing poisonous
hydrogen sulfide gas into the air, but
there appears to be no danger,

Portanova said. _

Workers 100 feet from
weren’t being required to wear gas
masks; he said, and the gas wasn’t,
considered a health hazard to people -

in the area. s ' i

The blow-out occurred Monday as:
the Greenwich, Conn., company was'
drilling a geothermal well to power

a 1.8 megawatt generator to supply.
electricity to the city of Provo.

'B . The Salt Lake Tribune

‘Tharsday, October 27, LlBBS’ -

BEAVER, Utah (UPI) — A poi-
sonous gas-spewing well that
forced the evacuation of deer hunt-
ers from a remote area around a
drilling site has been determined
not to be hazardous — and was

strike. - o

“I couldn’t be happier, if we get
it capped safely,” said Wayne Por--
tanova, president of the drilling

. company, Mother. Earth Indus-

_ tries. “It looks like one of the ma-
jor geothermal resources in the
western United States.”

- Portanova said the Monday
strike contained poisonous hydro-.
gen sulfide gas. The Beaver County
Sheriff was asked to close the main
road and evacuate hunters from a

e e e e e e e et — = ————————

. two-mile area surrounding the -

© drill site.

But Portanova said the high-
pressure steam contained only
“low-level” concentrations of the

hailed as a major geothermal

' Gas Well Safe, Could Be

Top Geothermal Source |

There’s none probably 100 feet
away,” he'said. ’ o

!

Speaking of: the -geothermal_;
strike, he said, “We have no idea]?
what this animal is.” The well isJ3.
less than 1,400 feet from one of four .
wells drilled earlier by Union Oil- ;
Co., Portanova said. None of ‘the
Union Oil tests found underground
steam reserves of 350.degrees or |

more. L N'““@',‘

Jj “The geologists’ reports said the:}?
same thing, then bingo — sur-'f»
prise!” the company president—
said. . o
He said the volume of the pres- :
sure and its limited- depth below :
the surface were the major sur- |
prises. Early calculations show the ;
well could produce 5 to 10 mega- ;
watts of steam energy in a regular-
generator or 15 to 20 megawattson |
a specially constructed binary |
steam generator. ) -

AMnbthnn Tanth Tadinbalinne

thé well j‘

_an engineer at the drill site 20 miles

‘Portanova, president of the Green-

Satt lake 77';‘b)lne_/ &uful'd&/ Nov, s,

Crews Likely to Cap ‘Gusher’
At Geothermal Well Soon

Special to The Tribune
BEAVER — A geothermal well
that has been emitting ‘high-pres-
sure steam and a small concentra-
tion of hydrogen sulfide gas since
Oct. 24 probably will be capped by
Tuesday or Wednesday, accordingto

drill site, but 90 percent of the time
. workers do not need to wéar protec-
tive suits with air units. he added.
The temperature and pressure of
the geothermal reservoir proved
greater than expected in the days
after the unexpected strike was
made, Mr. Gould said. Those two
factors foiled the first attempt to
bring the well under control by
pumping cool water into the hole.

Couldn’t Hold It Down

“We did that for about 48 hours
and then found out everything you
put in came right back out,” the
drilling engineer said. -~

When that method failed, Mother
Earth’ }ndustries was required to
bring in heavy eéquipment from
Oklahoma, he added.

Mr. Gould said he expects a power

plant — with eight te 10 times the
capacity of the original plant — to
be in operation by Amgust 1984. "It
made us ¢hange our tetal plan. But
it's still pretty early to asséss the
whole picture,” he added.
. Once the well is capped, the rig
will be put back into. place. Other
wells will be drilled to help deter-
mine more precisely the actual size
of the underground reservoir, Mr.
Gould noted.

The strike came as a surprise, Mr.
Portanova said previously, because
other drill tests and geoiogists’ re-
ports had not indicated a geother-

PUUR LU

north of here. .

Special capping equipment being
brought in from Oklahoma is ex-
pected to-arrive Saturday, said Ray
Gould, drilling engineer at the Cove
Creek well site. Once the “snubbing”
unit is in place, crews will install a
casing through which concrete will
be poured, essentially bringing the
well under control, Mr. Gould sajd.

“It looks like Tuesday or Wednes-
day before it's capped, but that
could change;” Mr. Gould said.
“We're going cautiously, making
sure nobody gets hurt.”

Dangerous Implications

Initial reports indicated the Oct.
24 strike could have dangerous im-
plications because of the release of
hydrogen sulfide gas. But Wayne

wich, Conn.-based Mother Earth In-
dustries, which drilled the well to
provide power ‘for Provo, said the
concentration of gas was not a
threat to the safety of workers at the
site.

Mr. Gould said Friday the gas
flow is being monitored constantly,
with readings showing a slight but

raonctant danronca in tha Afamaaa b



November 10, 1983
Proposed Press Release

GEOTHERMAL STEAM WELL NOT LUCK - JUST GOOD SCIENCE

Scientists of the Earth Science Laboratory, University of Utah Research
Institute (ESL/UURI) announced today that the Cove Fort geothermal steam well
was not really as surprising as indicated in recent press and TV news
coverage. The scientists strongly objected to comments attributed to drilling
supervisors fhat "geologists reports had not indicated a geothermal reserve at
that location so close to the surface." They admitted some surprise at the
shallow depth of the steam entry but explained that the wé]i was specifically

sited in an attempt to tap such a resource.

Dr. Joseph Moore and Dr. Howard Ross, Section Heéds for the Laboratory's
Geochemistry and Geophysics groups, respectively, began their studies of the
Cove Fort-Sulphurdale KGRA (Known Geothermal Resource Area) in 1978 through
funding by the Department of Energy/Division of Geothermal Energy's Industry
Coupled Program. In this program the DOE cost‘shared'geothefma1 research and
exploration projects in Utah and Nevada with 1ndustry Fovernment
expenditures for the programs exceeded $14,000,000 between 1978 and 1981 but
industry contributed a greater amount, and all the basic exp1oration and
engineering data from the program were made available to the public (academic,

government and industry).

The initial Cove Fort exploration and drilling program, a joint venture
between Union 0il Company and DOE, was the most costly single pboject in the

program because three deep exploration well tests were completed, indicating

- an underpressured reservoir of approximately 350°F.



The Earth Science Laboratory - UURI assisted the DOE in the management of
the Industry Coupled Program and undertook a series bf in depth studies of the
area. Dr. Moore completed a detailed geologic mapping of 40 square miles
surrounding the area and studied fluid geochemistry and mineralogy of the
system. He eventually concluded that the geothermal reservoir drilled by
Union 0i1 Company (maximum temperature 350°F and uneconomic) was peripheral to
a higher temperature reservoir and was probably leakage from the main thermal
system. Dr. Ross conducted a series of geophysical surveys which he]bed
define the cqmp]ex geologic structure (extensive faulting) and gave an
indirect indication of the geothermal reservoir. Ross and Moore presented
their results before the Society of Exploration Geophysicists annual meeting
in Houston, Texas in November 1980 and published their reports to DOE in June
1982. They indicated the presence of a higher temperature reservoir west of
the area drilled by Union 0i1 Company, probably linked to very deep seated
faults. These reports encouraged Mr. Wayne Portanova (Mother Earth
Industries) and other industry groups to continue their exploration on a low

cost basis.

Moore and Ross refined fheir target concept in later studies and
summarized their conclusions in a report to Mother Earth Industries in which
they recommended three drill sites to test for a higher temperature
reservoir. The discovery well was specifically sited to intersect one or two
buried fault zones near their intersection, at the suspected depth of the
water table (about 1200 feet). Their report also anticipated the presence of
'1oca1 hydrogen sulfide pockets near the water table, and of difficult drilling

problems.

While the penetration of a high pressure-high temperature steam conduit




at 1200 feet was not spetifica]]y anticipated, this was clearly the target
sought. Ross and Moore feel that their interpretation of a large high
temperature reservoir has been confirmed, and that the fault(s) penetrated are
high permeability conduits which directly tap the deeper reservoir, and

essentially act as a deep extension of the present well.

The scientists were Tless surprised at the intersection of the steam zone
than they were at the drilling program. They noted that blow out preventors
(BOP - specialized plumbing hardware) are routinely used in all geothermal
drilling operations and are generally required by regulatory agencies such as
the BLM and USGS. They proved the point by noting that ESL is currently
supervising two geothermal drilling ventures for the Air Force, one near
Lackland, Texas and one on Ascension Island in the South Atlantic, and blow

out preventors were in place for all holes being drilled.

The drilling supervision at Cove Fort was termed "irresponsible" and
detracted from an otherwise highly successful exploration effort by Mother
Earth Industries. The scientists indicated that the concern over the blowing
well, the great expense of capping it (over $300,000) and the loss of all that
thermal energy could easily have been avoided by professional drilling

supervision.

On the bright side, what may be one of the countries Targest high
temperature geothermal reservoirs has been discovered, and this low cost non-

polluting energy supply will soon be available to Utahns.



EARTH SCIENCE LABORATORY

420 CHIPETA WAY, SUITE 120

SALT LAKE CITY, UTAH 84108
TELEPHONE 801-581-5283

November 7, 1983
MEMORAND UM

TO: "~ Dick Wood, DOE/ID
FROM: Mike Wright, UURI
SUBJECT: Proposed Topics for Study at Cove Fort

There are a number of topics that could be addressed that would
constitute work useful to the development of Cove Fort that Mother Earth
Industries may not undertake, at least in depth, themselves. These are
discussed briefly below. As I have told you on the phone, Wayne Portanova
told me that (1) his first hope would be for cost-sharing with DOE of 3 new
wells, (2) he would need a quick decision from DOE on proposed work there or
he would go ahead with what he needed on his own and not consider future
offers for help, and (3) he is interested only in “significant" help, i.e.
assistance that would cost of the orders of hundreds of thousands as opposed
to tens of thousands, i.e. it would have to be well worth his while to allow
DOE to come in and use his discovery as a study area. :

—~ Geologic mapping and interpretation, gravity, magnetic and electrical
resistivity data have all played an important role in developing the target
concept for a high temperature (+200°C) reservoir adjacent to the area
explored by Union 0i1 Company. These data sets, together with geologic
mapping, were used to define fault structures which were thought to bound the
high temperature reservoir. The discovery hole was in fact, sited to
intersect either a north-trending basin and range fault or a major east-
trending fault, or their intersection. Drill cuttings and the shallow
intersection of a mjaor steam conduit confirm these interpretations. Much
additional work could be done to define the reservoir and to improve the
success ratio for future drill holes, since the area is large and the data
base is almost reconnaissance scale in detail. We propose the following added
studies: ' ' :

Studies aimed at better understanding of subsurface geology. Detailed
mineralogic and geochemical studies of the samples from the Mother Earth well
and Union's well 42-7 would be aimed at developing an understanding of the

ppeS——



volcanic stratigraphy in the area. This would help greatly in locating
faults. '

Dipole-dipole resistivity: 5 additional lines, 3 at 1000 foot electrode
separation, 2 at 500 foot electrode separation, to better define
conduits (faults) at depths of 1000 to 2500 feet.

Detailed gravity profiles: Ten east west profiles, five miles long, station

interval 1000 feet or Tess to better define basin and range fault
structures. Four north-south profiles, five miles long, to better
define east-west structures.

Self-potential survey: The shallow occurrence of major conduits, and evidence
of Teakage along these structures suggests that self-potential
traverses may aid in delineating those fractures/faults which are
carrying fluids. No self-potential data are presently available for
the area.

Self-potential survey during production: The shallow occurrence of at least
one major conduit which was intersected by the discovery well
suggests that this may be an optimum case for mapping producing
fractures with the self-potential method. It is important to know if
the east-west or north-south fault is producing (or both). Back-
ground surveys after shut-in and later during production would be
required.

Approximate Cost Estimate:

Geologic work $ 30,000
Electrical resistivity $ 18,000
Detailed gravity $ 12,000
Self-potential, survey $ 10,000
Self-potential, production $ 14,000
Refined interpretation, modeling, $ 15,000
integration with geochem, geol.

Reporting $ 5,000

Total Study Cost $104,000
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