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COVE FORT . SULPHURDALE UNIT #31-33 .

PREFACE .

Organiéatienfbf"Report o : o : s

Thie repert preSents the,teehniCai details involVed'in'the
dril;ing ef‘Union Oil'CbmpanYﬁs Cove Fort—snlphurdaie Unit
Well'#3l?33.; The report consiStsfof'the eleven“Chapters"liéted'7'
" in the Index,-as;nell'ae the well logsdtaken by-Schlnmberger,,
 Geotex, and R. F. Smith. The;cbntents‘of'each chapter ie
'summarizedfin the following. All depthe in the report refer
';t0~rotating“kelly bushing (R;K.B.)vﬁnlessfotherwise indiéated.

This .is 20" above ground level (G.L;).

Chapter@l presents -a summary of‘the-operatibns required to drill"
and completeHCFSU‘#3l—33,' A listing Qf»eqntractors'used'is

also presented.

Chapter 2 summarizes what was learned about the hydrothermal
system encountered by CFSU #31- 33 “This: 1ncludes data on. forma—
tion lithologies, fLUid chemistries, ‘and otherrgeologlcal

information.

Chapter'3 containS-a well history:describing the day‘to day
operatlons durlng the drllllng of CFSU #31 33. Also 1ncluded

is a detalled descrlptlon of the ca51ng strlngs, and a llstlng
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of deviation surveys with the corresponding maximum reading-

'thermometer results.

Thewtwo fishing operations engaged in while drilling thisswell

are described in Chapter'4.

‘A time—depth progress graph is presented in Chapter 5.-'This
‘iegraph also 1nd1cates the occurrence of events of major technlcal

‘1nterest whlle drllllng CFSU #31 -33.

Chapter‘6Aliste;thefvarioue-kinds;of logging data;tahenrdUrihg=
- the drillihghof CFSU #31-33. CopieS-of.each of the individuai

10gsparegsupplied:withjthe‘report;j MaXimum,reading'thermometer
temperature surveys faken at variousyfimee when the hole had

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

Chapter 7 presents technical information about the drill bits-

used in.CFSUp#3l=33;

Chapter 8adescribeégcementing,operatiOns carried out durihg
casing jobs, while tryingft07control-lost circulatioﬁ, and

while abandoning the lower:sectionvof“the hole}«

Chapter 9 is a‘technical summary of the dril]ing fluide used
©in drllllng thlS well ThlS sectlon was prepared by Bar01d
the~sales, serv1ce and ‘engineering . company respon51ble for the

drllllng fluldspprogram.'
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Chapterth'contains a<summary of'tubular.goods*Corrosien‘Which'f‘

occurred whlle using aerated water as a drllllng medlum, as.

.well as Unlon s¢ attempts ‘to malntaln control

Chapter ll descrlbes the equlpment and procedures used on the -

: wellslte to protect personnel from the potentlal danger of

jZH S gas.v
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"“COVE FORT SULPHURDALE UNIT #31-33

OUTLINE

ﬂGenera;;Ipformation

A. Well Record

B.

" ‘Contractors Used -

Drilling Operations

A.

. B.

. Rig IﬁfbrmatiOn'>'

.Preparatioh of Location and Setting of Conductor =

 to 52' (R.K.B.)

2. Problems'EnCOuhtered ahd Their Resolution

‘26" Hole:i 52" to 289' (20" Casing Set to 280')
'17-1/2" Hole: 289'_té‘1735',(i3—3/8" Casing Set
to 1733') | | |

1. General Description of Hole Drilled

-_a; 'Pérted Shoék:Sub-at 711",

' -b:ﬂ Complete"Loss 6f‘Circulation:'i236? to_1276" 
c#iﬂCompleté.Loss of Circulaﬁidh'at 1564"
d;.'Complete Loss 6f Circulatién at51735'

12;1/4F Hdle$“l735' to T.D. at 5221" (Hoie”Plﬁgged:'

Back to 2600°') -

‘1. .General: Description’ of Hole Drilled )

2. - Problems Encountered and ThéirgResolution
- aif_CompletefLoss»of Retgrhs_at‘ZOlS': Rig Up

for Aerated Water Drilling
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b. - Intermittent Retﬁfﬂé?to"Surface: 2015' to
1832 -
‘c. Parted Shock Sub at:2920' | |
~ d.  No Returns to Surface: 4832’}£6'T.D.'at 5221"
3. Coring Efforts 5015' to 5021 |
4. Loéging'Efforts =
5;jfglggging Back4toA2600’
F. Weli‘ééﬁpiétiéh _‘ |

IIT. Post-Drilling Operations
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I. GENERAL INFORMATION
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UNION OIL CO OF CALIFORNIA
GEOTHERMAL DIVISION

LEASE _ cové Fort Sulphurdale Un:ut ‘ ’ - _SPUD DATE 5{24{78 COMP DATE 7{27[ 8
WELL "# 31-33 ‘ ‘ __ | CONTRACTOR 1offland Brothers Company
FIELD Cove Fort : RIG # &

|

|

{ B .
é A WELL RECORD -

}

|

. LOCATION_ng9°28'w 1092.23 and South 479.21° .| ELEVATTONS: GROUND e6480'. "
N . _from ‘the South % corner of Section 28, K.B. TO GROUND " 20"

o T25S5,- R6W, SILM. (The well :is located " K.B., TO LOWER CASING HEAD _

4 ' : in Section 33, T25S, R6W, SIM.) - 1 - R k :

| - B.HL.. I . | TYPE WELL: EXPL._xx _ DEV.
'DEPTH: T.D.5221" T.V.D.5165' E.T.D.2600% |+ ~*STM_. . _HOT WIRXx _ INJ
4 oMY B o S ' DRY HOLE

i ~~ " COMPANY ENGINEER Har_'oi’d’Md'ss S e APPROVED “/ /M/
' _CASING ‘RECORD

SIZE | WEIGHT ' | ‘GRADE. | THREAD '|° TOP g",BOTTOM ;REMARKsj“ _ .
30" .375" wall H-40 = {Welded | G.L. 32'below G.L| cemented surface to 32'
20" 944 /£t _H-40 . |Buttress .| 20' K.B. [280' X.B. .cemented surface to 280"
13-3/8"| 54.5#7/ft K~55. .|Buttress 20" K.B. |1733' K.B. cemented surface to 1733

L .

2-7/8" | 6.4#/ft |  ¥-55. = |EUE 8RD: 20" K.B. :{2579.53" " hanging ‘tubing with l
' : ‘bortqmgﬂlnthujkmnred“

WELL HEAD ASSEMBLY . . L :
i - L : - MAKE TYPE-} SIZE ‘PRESSURE RATING -
ERRRARE B CASING HEAD SBROOL = WKM SO.W. . '13-3/8"x13" _ 3000%

e . & SPOOL Mldway Flsh:l_ng Tool  Tubing Hanger 12"%6" 3000#

ADAPTER e WKM Double Studded - 6"x3" . 3000#/2000#

CASING HEAD VALVES ' WKM Gate 3" 20004

_ HANGER -SPOOL VALVESMldway 'Fishing “Tool Bllnd Flangée 2" . 30004

SWAB VALVE _ WKM™ __Gate _ 3" T 2000%

STEAM ENTRIES: - ' L DEPTH ' LBS. INCREASE .~

'Not.Ap?licab1e~'

: o - o ' snoPS. | .. BLANK. -
SLOTTED LINER - - = . . S FROM.- . .TO ~ - FROM - TO -

2-7/8" EUE 8RD Tubing * 2550.11 © 2579.53 . - G.L..  2550.11

TEST DATA - - S . . . ORIFICE SIZE_
RIG.TEST DATE ~ WHP ' . FLP. . TEMP . POUNDS/HOUR

REMARst“‘ Total Cost of Well = $1,270,000

Cost Per Foot = $243.25
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CONTRACTORS USED
Basin-Mud'SerVice

B&W, Inc. .

_Christensen‘Company

~Cove Fort Service .

Del Mar Constrgptign

Donham 0il Tool

Dresser Industries - - -

Francis Engine Service

~Geotex

Grant 0il Tool -
Duane Hall Trucking
Halliburton.-

HOMCO. -

'HoWard”gbnstﬁuctionf‘

Hughes. Tool Company

Marion Kessler -

.‘ La Sal 0Oil Company

Loffland Brothers

Macis;Welding

' Bill»Marfiﬁ.Rathole*Service'

MidWay Fishing,ToOl;gn

Mountain States Inspection
Oilweillsupply

. Pipe Sales Company

,Pg:2-”
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'CONTRACTORS USED_ '(.c<4)r‘17t'd):
San Juén‘Casing;Sefvice_ 
iSchlumberQer |
.‘R.AF.lSmith Coféoratibﬁ :f'
Smith Tool Company -

- Thatcher Chemical -

- West Coast 0il Tool

W-K-M Wellhead:Systems

: Pg 3
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“II. DRILLING OPERATIONS -

 RIG INFORMATION:.

~Loff1and Brothers ng #5 1s ‘an Ideco 1000 Portable Mast and"
u20 substructure w1th an Ideco ‘H- 1000" Drawworks. The rlg '
f 1s rated to drlll to a depth of 12, 000' ’ It is powered
hw1th two Vl2 GMC Dlesel Englnes rated at 434 INT “h. p..each'e

‘at 1800 RPM. The telescoplng Mast is 112' in helght. »The

;‘rotary‘table-LS“aandeco=27:l/2"gi Thearlgfls:llmrtedwto a

35U7000#icasing Capacity..

"PREPARATION OF LOCATION AND SETTING OF CONDUCTOR

*'TQ 521 (R K.B. )

At the end of" 1977, varlous operatlons were conducted ‘to.
prepare “‘the locatlon for drllllng._ The~locatlon,_sump.and_:
roads were~bualt touspec1f1catlons laid,out in thefﬁApprovedf'

Unlt Plan of Operatlons...-A 36" conduCtor“hole waS’drilled

-to~32' G L (52 R K.B.) by Blll Martln Rathole Serv1ce.

.Thlrty 1nch (30") conductor plpe was run and cemented from

surfacecto 327:G.L. (52! R.KgB.):wlth_Ready—Mlx Cement;

:'26"'HQLE;f52!;to.289!: (ZO"TCasinnget”to 23°f)1.'

Loffland ng #5 moved in, rlgged up, and was’ placed on day

'.rate at 1200 hours, 5/24/78.. Drllled mouse. and rat holes.»

‘TThe well was spudded in at 2000 hours on 5/24/78, and’ l7 l/2"
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'C.. Continued -

.phole was~drilled to'BQlE'(recent alluvium to l80f;7andesite Y

below). The hole'was opened*to-26“ from 52'!to=295”f‘

: Two hundred nlnety four feet (294" ) of 20" 94#/fth—55

Qbuttress ca51ng was set and cemented to. . surface.v The 20"Vf
and 30" casrng were cut off to ground 1evel A 20" Hydrll'

h_GK and Double Shaffer blowout preventer was 1nstalled and

tested to;UaS.G;Sa~spe01flcat10ns.

D. 17-1/2" HOLE: 289" to 1735f:_:(13a3/82 casing Set to 1733')

l; éeneral Descrlptlon of Hole Drrlled .
g The 17- 1/2" hole ‘was drllled from 289' tofl733',(0pen
‘ hole:and flll'xZSOJ ~-3Ol'--ande51te beglnning'at 301')‘$
with severe lost c1rculatlon problems. A parted shock A
. sub whlle drllllng at 7ll' nece551tated a flshlng jOb

at this depth

Completevloss of c1rculatlon occurred numerous tlmes
over the 1nterval 1235“to 1276' whlle drllllng dolomltlc
hllmestone and dolomlte.. Nlneteen lost c1rculatlon plugs
(total volume of . 4193 ft3 cement) ‘were set durlng the'
:elght days requlred to drlll thlS sectlon.u A total of-
340 bbls mud were “lost whlle drllllng contlnued 1n1'4
dolomltlc llmestone-and dolomlte from~1276' to’ 1564‘r

at Wthh depth complete loss of c1rculat10n occurred

;Clrculatlon was partlally galned w1th the placement of
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Continued'-d

cement plug_ #20 ' A total of 410 bbls mud were lost

whlle drllllng occurred in the ‘same formatlon from"

1564" to 1735’ Complete loss of c1rculatlonloccurred;,”f

]at thlS depth whlle 01rculat1ng and condltlonlng mud

to run 13- 3/8“7ca51ng Flve more lost c1rculatlon o

:‘plugs were® set (558 ft3 cement) before c1rculatlon

was- regalned.A

'1,733% of 13-3/8", 545 #/ft, K-55 buttress casing was

set and cemented to surface.: The 1343/8"'CaSing_Was

cut off to surface, and 12" - 30004 B.O;P::equipment-'
‘was installed and tested:to U.S.G.S. specifications.
.Problems Encounteredaand~Their Resolution fp~”

- a... Parted. Shock Sub at 7ll'

A shock sub parted whlle drllllng at 711' ‘The
lost tools were: recovered on flrst run w1th an

“:overshot fishing tool

b. Complete Loss of Clrculatlon. 1236"to 1276"'

-Complete loss. of c1rculatlon occurred at 1236‘
butvdrllllng‘cont;nued_to 1241'- The hole made |
H,S while pullifhg the drill string,fand H

2'5

alarms wérefset'offﬁat a{levél‘ofilO-ppm.f
Seven cement plugs. (total volume 1925 ft3) were
:set in an attempt to plug the lost c1rculat10n

'zone.p The formatlon accepted all the cement “but
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. the H

" Continued -

2s‘,_,;flow_.and.an-‘ini‘tial_'seep,of methane Weref"

j‘completelyueliminated'after thevfifth‘plug.

Af_iA l7 l/2"‘drllllng assembly was. run to clean out

';fa brldge from 1236"to 1241', and to drill from"

'.1*1241' to 1252', with no drllllng fluld returns.

]_500 bbls mud was lost while drllllng at a rate of
2‘20f -’30' per hour. There was: no ev1dence of
| torqulng, addltlonal fractures, or runnlng dolomltev"'

from 1241' to 1252'.

Five additional cement plugs (total_Volume'lOQO“ft3l

- were set through'open endedrdrill,pipe'at‘l250fi}_

‘7>The fluld level in wellbore was located at 600'3

’flus1ng a w1rellne and ‘wooden float but there was:

."no cement to be found in the hole.’

*QJCementlplug'#l3 (166"ft3) was set:throughvopensended

. drill pipe'at_1250'+'f The top of the cement was

‘located'at 1160' : The cement was drllled w1th a’
:‘17 1/2" drllllng assembly from 1160' to 1252'

;_Complete loss of c1rculatlon occurred at 1236'

“7fNew 17 1/2" hole was drllled from 1252' to 1257"

fw1th no drllllng fluld returns.-

o Four;additional cement_plugs'(total volume = 662 ft3)

“'were set in an attempt to plug the lost circulation
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- Continued -

;zone;;eCement.was located at 1221° following plug

Cogir.

’Firmlcement was drilled. outtfrOm'lZZl"to 1247'

at whlch depth complete loss of c1rculatlon occurred.

}cémehtvplug-#ls'(235fft3)'was}thenwset;f}Precediﬁgﬁpd“"
zthe‘injection_ofgcement, threeQSeparate'attemptsf

',were'madéwto‘plugvup*the=lostfcirculation'Zonefby

'»1n3ect1ng 90 ft3 amounts of a water/polymer lost

'01rculatlon compound - We were unable to flll the ,,j

':e(hole follow1ng each attempt.:-

- The top of the cement from plug #18 was located atf

't~51183" Flrm cement was. drllled out from 1183' to.

"1257' drllllng contlnued in dolomltlc llmestone
- and. dolomlte from 1257' to 1276" ;Complete’lOSe.

f,of returns occurred at 1274'

:,f; At thlS depth cement plug #19 (115 ft3) was preceded

Afby a 112 ft3 mlxture of water/polymer lost c1rculat10n

o compound.ﬁ The top of the cement was located at

,ﬁ123o'

'lmComplete Loss. of Clrculatlon at 1564'>

- Fluld returns were lost completely at 1564' after

iu hav1ng lost a total of 340 bbls mud over the 1nterval
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. Continued -

1380'. to 1564'-‘ The drlll plpe became stuck whlle

,‘pulllng out . of the hole, but ‘was . worked free in ‘f_

four hours.

Cement plug #20 was then set (115 ft3), ‘but was

"f@preceded by 95 ft3 of water/polymer lost c1rculat10nl S

,‘compound

thhe top .of - the cement was: found at 1487°'. A'Cement'u'

was - cleaned out to 1500' w1th full drllllng fluid:

returns. .Circulation was: lost completely at 1500"

-_but was regalned w1th 500 bbls of water..

LN

The”holeﬁwas'then‘cleanedjOut to“1564';

Complete Loss of" Clrculatlon at. 1735'”

A 17 1/2“ hole was drllled in dolomlte from 1564'

to,l735f;_whlle 1051ng a total,ofp4lo bbls mud.

' _uWhlle c1rculat1ng and condltlonlng mud’ in preparatlon,,

tfor runnlng l3 3/8" ca51ng, drllllng fluld returns S

T were lostgcompletely.‘

Flve addltlonal cement plugs were set (nos. 21 25,-

total volume 594 . ft3); three of whlch were preceded

" by the water/polymer lost 01rculatlon compound

__f(total volume = 316 ft3) Follow1ng the last plug,

the hole was cleaned out to 1735' w1th no loss of .
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2.

‘d., Continued -~

mud, .and the_13—3/é"'casihg was successfully run and. cemented.

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

to;2600;)

'-'lv'.

General Descrlptlon of Hole Drllled

_ The 12 1/4" ‘hole wa's drllled from 1735' to total depth:f

at 5221' w1th contlnued lost c1rculatlon problems

-(l735' to_2770'41n_dqlom1tlc llmestone and‘llmestone,

ZTJO'JtO'4787’"in-siltstoﬁé'ahdfsandstone,‘and,4787'ﬁ--,~

telszzlﬂ‘ig‘dOLOmite),-fAfter eomplete'lbss_of circuiafr

tion occurred at 20151,'the remainder~of the-hole was

;'drllled with chemlcally treated aerated water. 'There1 -

'were 1nterm1ttent returns to the surface from 2015' to

4832*; and none- from 4832' to total depth at 5221"

- A parted shock sub requlred flshlng at 2876'

'Corlng was attempted from: 5015' to 5021' with only

llmltedarecovery,. Varlous Schlumberger and Geotex well

iogs were run to.5200'i.

‘:Effortséto abandonﬂthe,loWerfportien fothe:hole were .

-thentbegun. ,Thé112—1/4“3hol§;wasfplugged baek'te?w_

42600'*aftér setting 15 cementyabahdbnmentgpiugs.{
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E. 2. Problems Encountered and Thelr Resolutlon

A. -

_Complete Loss of Returns at 2015'- R1g Up for
) Aerated Water. Drllllng | o ‘
. After c1rculatlon was’ lost completely at 2015' drill;r;"
, 1ng contlnued w1th chemlcally treated aerated water

'Whlle rlgglng up for drllllng w1th alr, a bottom
rrhole temperature of 210 F was measured. The holel
:_had been statlc for 12 hours. |

L:‘Intermlttent Returns to Surface- 2015' to 4832'“’

A 12-1/4" hole was. drllled in- dolomlte from 2019' to

‘[ 2672' using the chemlcally treated aerated water.
: Cuttlngs Or‘lquld returns were . not obtalned whlle"

'fdrllllng this 1nterval.‘ Intermlttent returns of water

'h-and cuttlngs were obtalned from 2151' to 2550', whlle

no]returns were obtalned-from_ZSSO' to 2672“

;rIntermlttent returns by heads wWere - obtalned every -

“:ithree to four hours whlle drllllng from 2672' to 2920"

| at Wthh depth a shock sub parted, requlrlng flshlng.,

4:Dr1111ng contlnued from 2920' to 3250‘ ' Some-inter—v

S mlttent cold water returns were experlenced w1th

9ftemperatureS’from.50 F t0‘l7l9 g A'12—1/4"‘hole

’t:was drllled to 3765' and addltlonal jet subs were -

e,added to. the drlll strlng to ald in llftlng fluld and

”vsodlum nitrate was added to the 1njectlon water to

*fcontrol the 1ncreas1ng severe corrosion rate of

A-h42;8:1bs/ft/year,‘.»
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E. - 2."b4,‘Continued‘fA

The 12- 1/4" hole contlnued to be drilled to 4832'
vw1th 1nterm1ttent fluld returns to surface.. Tempera—'uh
“ture- surveys at 4675' 1nd1cated 292 E. after flve i
hours statlc, and 292°F at 4735f'after 18 hours
.statlc. | o |
c;r‘Parted Shock Sub at 2920'» »
H; At 2876' the shock sub falled, requlred flshlng,
_and was recovered on’ the flrst attempt .
'd;,{No Returns to Surface- 4832“to T.D. at: 5221'
A 12-1/4" hole was. drllled to 5009'; without

‘,‘returns to surface.,-

Formatlon v01ds were noted at 4852' and 4858".
Drlll cuttlng flll 1mpa1red drllllng and caused

drill strlng stlcklng.

T‘Contlnual replenlshment of the drlll water supply
- was hampered due to lack of avallable tank trucks,'

a _although four in use.

"rAh.attewpt'to.cthOlidate‘formation‘fill’ahd‘regaint

'f‘partial"returhs was:ﬁade'by‘disélacing a'Sodium-“u
silicate-caicium Chioride}sQlution; followed by -

":yceﬁeht-Perlite—silica.flour—gelrplugssand the hole "

_ filled to 4753'.

A712?1/4“ dri;lihg'aSSembly was run and'cement drilled
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d. ‘Continuedv—

~ from 4753' ‘to 4926', a void from 4926' to 4935'.

fand‘fiilywas encountered fromd4935' to 5009', w1th .

no~f1uid‘returns'to'surface. 12- -1/4" hole was:

‘drilled to 5221°.

Coring-Efforts'é'5015"to 50211_:-

,'An attempt ‘was made to obtaln two cores . of the‘forma—»'

tlon, w1thout success and only 8“<of core, a hlghly

‘fractured dolomlte was recovered

»@~Logg1ng Efforts
‘»'Two Schlumberger temperature logs, a DIL-8" and CNL~FDC,

‘and a 4 =arm . Dlpmeter with Callper 1og were run. - They'

1nd1cated dolomlte from 1735' to 2770' s;ltstone’andﬁf

rsandstone £rom 2770' to 4782"and dolomlte“from-4782’;\
’to¢5221P;1 Max1mum readlng thermometer temperatures

were:282°F;

‘VA Geotex Temperature Log, water aqulfer locater and

radloactlve tracer were: run, 1nd1cat1ng cross flow of

fluld up and down -the hole.-'The'prev1ous temperaturelﬁ

’ were conflrmed

' Plugging Back to 2600' "
-LoWerdhole‘seCtion abandOnment opérationslconsiSted of:

'-cement plugs w1th lost c1rculatlon materlal modlfled

"‘formatlon consolldatlon treatments, and. the 1nstallatlon
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5. 'Contlnuedfé'd

"of;tworHalliburton EZSV l3e3/8",plugs.a These-operatlons_f

'reSulted;in'the'establishment;offaiplug-from 5221‘ to
v 47?5';iand‘from 2750';to 2552},i:The:uppermplugIWas‘

drilled out to:2600'." The'plugs'were installedvby,A

fU S G.S. dlrectlon in order to ellmlnate p0531ble co—r

‘dmlngllng of formatlon flUldS._’

. WELL ,COMPLETI.ON“;L.. -

A 2 7/8" EUE 8RD 6 4#/ft tublng temperature survey strlng r’

was hung in a Shaffer tublng head at the surface.,;The

‘bottom jOlnt of tublng, 30', was perforated and orange

. peeled w1th a 3/4" hole in the bottom - The bottom tublng

jOlnt 1s located at 2558', ground level

" The- purpose of thlS completlon arrangement was to- fac111tate

the executlon of future temperature surveys in the- upper

5.

'fiportlon of the hole.vf :

~ The Loffland Brothers Company rlg, #5, was released at

1800 hours, 7/27/78



COVE FORT SULPHURDALE UNIT #31-33

III. POST DRILLING OPERATIONS

Current plans are to continue monitoring temperatures in the
’ upﬁer»porﬁiOn of the hole. Union personnel‘carried out a

temperatUre;sprvey of the completed zone én‘August 9; 1978. -



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

U.LITHOLOGY

The CFSU 31- 33 well ‘was drilled to a total depth of 5221 feet

where a sequence of soft dolomltlc shale :and brecc1ated and

fractured dolomite is present.. The sequence of roch unlts

encountered in the 31733-well dlffers from that found,ln_the_

CFSU 42-73wellyfindicating that the local subsurface struCture‘

has con31derably altered .the normal stratlgraphlc sequence in

the area;. Those rock unlts that are present in both wells

- -show signlflcant variation in degree of alteration and meta- .

b

. morphism. -

The'foliowing-is a description-and’disCussion of ‘the rock :

'_'types encountered 1n CFSU 31 33 from the surface to the- total

depth-~ The descrlptlons are based on examlnatlon of the well

: cuttlngs by binocular: mlcroscope and one x-ray dlffractometer

v‘analy51s. .

ARecent alluV1um is present from’ the surface to approxrmately
"180 feet. The alluvium consists of hydrothermally altered
‘_'volcanrc pebblee, gravel, and-sand_thh abundant,llmonlte

+ staining.

[
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~l T Intervaliv.ie........180-1005'

'-Fornation;...........Bulllon Canyon Volcanlcs

Age.......)..........Ollgocene and Mlocene(°)

4’L1thology...,.l......Ande51te

R The well penetrated 825 feet of" Mld Tertlary extru51ve volcanlcs,-r"“
' jthe majorlty of whlch were characterlzed by . exten51ve Cthrltlc
-and argllllc alteratlon-zv The volcanlcs can be lelded into
two major unlts based on the texture and compos1tlon of the-
samples. The upper unlt (180~ -530. feet) consists of a greenlsh

'fto reddlsh gray porphyrltlc andeSLte and a’ mlnor greenlsh—gray

'Laphanltlc ande51te. The flne to medlum—gralned phenocrysts

are predomlnately feldspar,'WLth trace pyroxene, ‘and trace to
: rare blOtlte, calc1te and quartz.,~In most cases,‘the pyroxene
and blOtlte have been bleached or chlorltlzed and ‘some feldspar

;phenocrysts have been altered to’ kaollnlte‘ The chlorltlzatlon L

~appears to" increase w1th depth.a

jThe lower unlt (530 lOOS feet) 1s characterlzed by the . appearance

of abundant pyrlte and 51llceous fracture fllllng materlal , y_
tThe volcanlcs of thls unlt con31st of a gray, flne gralned '
.porphyrltlc andes1te and a chlorltlzed and Slllleled greenlsh—

gray, medlum—gralned porphyrltlc ande51te.‘ The phenocrysts‘consist‘~

‘malnly of\whlte,'subhedral feldspar, chlorltlzed blOtlte and

pyroxene, trace magnetlte, and trace to-rare calclte.' Quartz
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ﬁ - phenocryStS;arejgenerally abéent'in'the lower*unit. iminor

! 'amounta of.a'palewreddieh?orange’welded tuff are present*from:-
690 700 feet The base of the volcanlcs is characterlzed by
decrea51ng amounts of pyrlte and 5111ceous fracture fllllng B
materlal and 1ncrea51ng amounts Of calc1te and greenlsh to‘;
reddiah—gray porphyrltlc'ande51te. ThlS ande51te is 51m11ar

to the ande51te of the upper unlt Some of the volcanlcs from
730~ 1005 feet appear to be brecc1ated. ~Two fracture_zones@were‘

encountered at 530-550 feet and 620- 650 feet.

/\-\,—\/\*,\/__/ T —
i . : ?

R o Interval.............1005 1150"
Formatlon............Claron(’)/North Horn(’) formatlon
{ : - Age.......{.;........Upper Cretaceous(’) to Paleocene(°)

,thhology.....,......Slltstonef‘;

: An"qnconformity between the BullionQCanyon“Volcanics'and the .

Claron formition was’penetrated at 1005 feet.

'The Claron formatlon con51ets of a poorly—sorted red Sthstone
‘with flne to medlum gralned subrounded quartz and quartzlte
1clasts and medlum to coarse- gralned llmestone clasts in a clayey
.red matrlx cemented w1th calc1te. ‘The- 51ltstone is moderately
well—cemented ‘and contains mlnor calcrte fllled fractures. -The
quartz and limestone clasts ‘become "coarser- gralned near the base
L ' - of the formatlon as the 51ltstone bécomes- conglomeratlc in part.

ThlS 145 foot section of red s1ltstone is generally hard and’

unfractured w1th very low por051ty.




Interval.g....;......1150 2770'A

Formation............halbab(7)/Pakoon(7)/CallV1lle(7)(Oqulrrh)
. B . formation :

Age.....r............Perm1an(2) - Pennsylvan1an(°)

Lithology.......«....Dolomitic limestone, dolomite

An-unconformity:betweeﬁ'the Claroh'formation*ana a<carbohate unit;of

uncertaihuage.and correlation was;penetrated at llSO‘feet.

The upper part of the unlt con51sts of a llght to. dark gray,»~

flne to medlum—gralned dolomltlc llmestone with rare. ‘crinoid

' fragmentsf-trace whlte,*sllghtly,calcareous to non—calcareous:.

fine sandstone}'and minor chert . A llght blue gray, soft

sllghtly calcareous 51ltstone appears at ll70 feet and in-

"creases“ln;amount w1th-depth. ,Pyrlte and'quartz‘are ‘trace

to rarein this interval. .

major510st circuiation zonelua3~encountered'at 1233—1255 feet.
High concentratlons of ‘hydrogen sulphlde gas and carbon dloxlde

gas were detected in. the zone. .

‘A sequence of.light.brOWn to light gray aphanitic and:cherty'

dolomite .and dark grayy“fine,to medium—grained calcareousi

© dolomite w1th sugary texture occurs below the lost’ c1rculatlon

zone. - Trace to rare amounts of pyrite,’ sphalerlte, galena,_.

“and. calclte are present 1nterm1ttently from 1210 to 1460 feet. _

White:to'light_gray’cheg;uand~aphanitic'dolomitefoccur at

1520ito~1560 feet. This sequence of chert,"aphanitic dolomite,-.




: dolomlte 1s absent in the CFSU 31 33 well

- and secondary sulphlde mlnerals 1s 51mllar to an 1nterval
' descrlbed as Lower Permlan Pakoon dolomlte in the CFSU 42 7

: well. However, a promlnent sandstone marker bed 4in the Pakoon

lThe*dolomlteibeIOW thencherty5interval§is predominatelyA

dark grayish—brown, fine to medium—qrained and slightly

calcareous with minor brecc1ated calcrte and srllceous Velns.

'-Rare cr1n01d stems ‘are ¢ present from 1570 to 1590 feet Theﬂr.f'

dolomlte becomes more calcareous w1th depth, accompanled

. by an. 1ncrease in. brecc1atlon and calc1te velnlng. mThls_ﬂf";
'1nterval of dark gray crystalllne calcareous dolomlte could

5 be tentatlvely correlated w1th the Pennsylvanlan Callv1lle

(Qqulrrh),formatlon.,

A second;major'lost'circulationizone»was encountered.at:

2010 feet .. Mlnor amounts of hydrogen sulphlde ‘gas were anxr"
preSent‘at,ZOBO‘feet. Sample returns were mlnlmal throughout

the : 1nterval -2010-3030 feet, but generally con51sted of

_,brecc1ated crystalllne dolomlte.

Thevd'ipmeter‘ log was run-from 1733'. to the total depth. - The -

‘dips 6f the carbonate in'this”interyal.arefextremelyﬂerratic,

indicating ithe presence of many. cavities and fractures.

The age -and correlatlon of the', carbonates in the 1nterval

1150~ 2770 feet is uncertaln. Dolomltlzatlon may have destroyed

N
-
o




‘diagnostic fossils that might .aid in the correlation of these ' .

units.

Interval.............2770 4787"

Formatlon............Chlnle(’), Shlnarump(’), "Moenkopi  *
: formatlons : .

Age....,.............Tr1a351c i

thhology............Slltstone and sandstone

The présence+of ‘approximately 2000 feet of Triassic Red Beds -

below:Permian(?),and_Pennsylvanian(?)‘dolomite'indicates that -

» signiﬁicant-thrust or reverse faulting occurred in the area

between Mid-Mesozoic,and'Late’CretaCeous‘time,:

The Triassic Red-Beds consist of”interbedded red, sIlightly
calcareous,*poorly—sorted micaceous siltstonés, light gray'tof'

whlte calcareous sandstones,‘and pale green, slightly calcareous;

' 51ltstones,' Trace to rare gypsum -occurs . 1nterm1ttently

throughout the 1nterval,. A medlum to dark gray, very calcareous

sandy. 51ltstone 1s present from 4180 to@4640 feet "Light gray

-mottled calcareous fragments contalnlng trace to common -

gastropod f0551ls are also present.ln ‘that interval. ' The base

.of the’ Red :Beds -is. predomlnately reddlsh brown non- calcareous'

to slightly calcareous Sthstone gradlng into a fine sandstone, E

pale. green 51ltstone, and minor dark gray, very calcareous

_51ltstone]_;

) TheARed‘Beds“are characterized by‘a'generally low borosity.
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Minor fractures are preserit in the red siltstones, but most

. fractufes are filled with calcite. The white to pale red

SandStones vary from being moderately well-cemented with =

silica.and calcite to friable and poorly—cemented.

Formation dips obtained from the dipmeter log are fairly -

‘consistent-throughout the Red Beds. Theﬁstrike of the'Red:

Beds ranges from E-W to N46W, averaging N75W - The dips range
froﬁ~20?.NE to 42° NE, averaging'22°‘NE‘ Variations in, the
strike and dlp generally occur at the tran51tlons between e

sandstone and 51ltstone beds and at minor fracture zones in the

,s;ltstones;

Interval.............4787-5221"'
Formation............Unknown -
Age.,...;...;..,.....PrehTriassicA

Lithology............Dolomite -

A major lost circulation zone was encountered at 4787 feet.

',~The7only.sample return was obtainedierm the interval 4790-

4800 feet. -This sample consists of a medium'gray to black

very‘fine—grained, loosely—consolldated, sllghtly calcareous

shale’or siltstone.' A powder X-— ray dlffractometer analysis

was ‘run.at the Unlver51ty of Utah to determlne the bulk

_comp051tlon of the sample.' The three- major constltuents of the

sample are quartz, K*mlca, and dolomlte.
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© Two cOreS»were cut at 5015 to 5018 feet and at.5018 to 5-(')21 '

feetih,There was . e1ght~lnch recovery on the flrst core.,
Core #1 is a medlum to dark gray fractured and bre001ated

dolomlte. There was no. recovery of Core #2

‘Thefdrill-rates in this interval Were*veryrerratic,'rangingv

from 150 feet/hour to 5 feet/hour. Several cav1t1es and

fractﬁre'zones one- to two feet thick were encountered.'

‘The’dips obtalned from. the dlpmeter log in this. unlt are not
quite -as. con51stent ‘as- those in the Tr1a551c _Red Beds, and*

there were several lntervals in. whlch no dlps ‘were recorded.

" The average}strlke of the dolomlte unit 1s‘N50W. The average

dip is 22° NE. “The contact w1th the Red Beds appears ‘to be

-a fault-or dlsconformlty.,

Itfis’difficuit to.determineithe formatioﬁ“and age of this«unit
because of the sllght returns and brecc1ated nature of the

dolomlte.;.If the contact with ‘the Red BedS‘lS a thrust ‘fault -

‘or dlsconformlty, then the dolomlte could belong to ‘any - of
- the pre- Trlass1c carbonates such as the Kalbab llmestone,

;Pakoon dolomlte, Keba Callvrlle llmestone;g Detalled mlcro—

paleo examlnatlon of the core- mlght ald in the correlatlon

of thlS unlt.




. GEOCHEMISTRY ..

While drilling with»aerated water from 2021 to 5221 feet,

formation water entered the'borehole andvcirculated to theé

_surface w1th the injected water. In order to determine

the geochemlstry of the system,.flowllne samples were

collected during periods in wh1ch>there were substantlal'

‘flu1d returns with relatlvely hlgh temperatures and low

PH compared. to the 1njected water.

It was shown by a tracer‘Survey run by GeoTek Corp; that.
fluld from the 1nterval 4800-5000 feet was flow1ng upward
tto 2010 feet at a rate of. greater ‘than - 500 bbls{hr;/ It-was
'also found that fluid was flow1ng downward to 5175 feet at

' the rate of 10 to 20 bbls/hr. “A sample of the fluid flow1ng ‘

up “the. wellbore was collected by enterlng the hole w1th drlll

pipe that had ‘an lnverted float sub on the. bottom and a jet

-sub three stands.above‘the floatvsub, -The drill pipe was- -

loweredzto.approximately 3000 feet. .Fluidlentered the drill
pipe through the lnverted float sub which allows fluld movement
in only one “direction. As .the drill plpe was pulled up, the

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

‘and brought up to the surface

Ll

Thefchemical analyses-of,the water samples were done by Ford:

Chemical Laboratory, Inc. in Salt Lake City. ' The results

<of-these-analyses_are'included in the appendix. _Figures 1

and 2'are:graphs_of significant - chemical constituents
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pldtted against‘the:depth when the samples were collected.

The maximum sallnlty attalned in the flowllne dlscharge_

was 10 000 ppm at 4170 feet.- The marked decrease in sallnlty
at 4800 feet to 1320 ppm is probably due to’ lower salinity~
water floWlng 1nto the borehole after the dOlOmlth shale

and,dolomite'breccia-werevpenetrated;at 4787 feet.

“ Pables 1 and -2 .contain data based en the silica and Na—K—Ca'

geothermometer ealculations.of the flowline_discharge:and fluid -

from'the 4800—5000-fdot interval; The“equation-used4fer the

:5111ca calculatlons was: tPc (1315/5 205-1og 5102)—273 15

eThe equatlon used for the Na- K Ca calculatlons was:

toc = (1647/1ogiNa/K)+3,10g (N Ca/Na)+2.24)-273.15.* Silica

:temperatﬁre estimates were caiculated for both diluted. and

- undiluted samples fer‘each,sample'interval;

‘Thefmdst'reIiabIe”Silica‘temperature.estimate§'379°F,tis'from

“the dilﬁted sample collected'at;4l70 feet;"ihis sample reached -

the laboratory within” four days and was collected when. the TDS

" were at a maximum.

The Na-K-Ca reservoir temperature estimates were very high and

’*Preceedings ef the Second UN Symposium on Development. and

Useiongeothermai,Résourcesi Vol. I, p. lxxiii (1975).

R, e Forairen
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less believable than. the estimates from the silica calculations.

"The best Na=-K-Ca temperaturegestimate} 495°F, is from the

VA,sample collected at 4170 feet. This sample probably has the

'least contamlnatlon ‘and dllutlon of all the flowline: samples

because of ‘its hlgh sallnlty.

The flowllne sample collected at 4170 feet probably best

represents ‘the geochemlstry of the geothermal reservoir because

'of<1ts,hlgh,sallnlty,and,chemlcal 51mllar1ty to water belleved

to represent the«reserVoir in-the CFSU 42—7 well The sample

from.4170 feet is also the’ ‘last flowllne sample collected

':before lower sallnlty fluld entered the borehole around - 4800

]

feet.

' The~borehole-water sample from’4800 feet is more similar inv_

chemistryuto»meteoric water :than to the formation'water samples":.

collected at the flowline whlle drllllng.' Thisﬁlower salinity

»fluld is probably local ground water. Accordlng to the free

water level in the well measured after the zone at 4800 feet
was plugged, the ground water table is approx1mately-l400 feet
below the.surface. The permeable dolomites  in the 1nterval 4800
to 5000 feet could lntersect a ‘part of the water table that

had been"faulted up to a level .above 1400 feet, or the dolomite -
could be in fault.communication with nearQSurfaceimeteoric

water;several}hUndred feet above the deep .ground water. -The




.‘flow doﬁn_dip The Red Beds above the dolomlte form an effectlve

o,
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1

'dolomite:would act as a conduit‘through»which the water would

[
aqguiclude, - When the 4800 to 5000 feet zone was penetrated durlng

driliing)_the dlfference in head ‘would cause the water to- flow

upward. ?

DISCUSSION - . g

Figure 3 .is a graph of the temperatﬁre'profiles frOm~surVeys
taken after reachlng the total depth. The temperature proflles
show the presence of a thermal conductive: zone in the Bulllon

Canyon»volcanlcs from'the>surface to approx1mately 1000 feet.

‘Teméerature'gradientsVin‘this zone range_from_65 to 20°F/L00 feet.

. An isothermal zone is pnesent from 1000 feet to about 1600 feet

in red siltstone and dolomitic limestones.. There is a small
temperature -increase around 1400 feet, which corresponds to the

free water level 'in the - well. ‘A second conductive zone ‘is

present from 1600 feet ﬁoHZOOO.feet'in brecciated dolomite.

: . P L . : '
. Temperature gradlents-ln thls”zone range»from“5°-to 26°F/100 feet.

A nearly 1sothermal zone occurs in the dolomlte and Red . Beds

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

1temperature reversal. to 5200 feet

The 1sotherma1 zone in the 1nterval 2000 to 4800 feet is- probably

the- result of low sallnlty fluld ~from 4800 feet flow1ng up the

wellbore and_out‘lnto the formation to about 2010 feet. _Tempera—

rmra e 3y e e eeies Sl g, © © fy tein g e meme s e et mems e amms s
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tures recorded by max1mum—read1ng thermometers durlng dev1atlon
surveys range from 210°F at 2000 feet to 294°F at 4700 feet

(Table 3) After penetratlng the zone at 4800 feet, the
'1temperatures recorded by max1mum~read1ng thermometers were -
consxstently 291 294°F above 5000 feet The hole had: been statlc
(no 01rculatlon of. 1njected water) for two hours when the .
readlng was taken at 4700, feet. After a static tlme of 18 hours,'w
the readlng at 4735 feet was also 293°F. Normally,gafter 18 hours'
of statlc tlmeL'a'temperatureﬂbu;ld—up at this depth would be
expected; Therefore, the:fluid‘flowfng’up the:mellbore‘mayh-

have had a sllght cooling effect on the zone above 4800 feet,

?the max1mum temperature at 4735’ feet could be 293 F.

The temperature reversal from. 4800 to, 5200 feet ‘could have
bresulted fromnseyeral,factors._ It could be a temporary reversal
within:the reservoir.Whilegdrilllng'through the descendlng
(cold)‘limhnofﬂatconvection‘cell. If that” lS the case, then a ..
p051t1ve gradlent would be encountered by drllllng deeper

.The reversal ‘could- also 1nd1cate that the well had penetrated

the edge of a geothermal system and’ then drllled out of it into

thefcoolerwrockgbeiow.,

It is dlfflcult "to determlne the reservoir characterlstlcs of thls‘
geothermal ‘system because of the coollng effect of the £fluid

flowing up..the wellborelfromu4800 feet‘and the-lackfof.sub—.
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stantial fluid and rock Sample returns while drilling.i-Samples

of warm formatlon fluld were obtalned from 2455 to 4170 feet. :
However, 1t is not- known whether these flulds ex1st in 1solated
fractures or in an lnterconnectlng fracture system forming-a

Liquidfdominated convective reservoir.

The Bulllon Canyon, volcanlcs and Claron formatlon were not as
thlck as expected in the CFSU 31-33 well, and as a resilt,

dolomlte and- dOlOmlth 11mestones were encountered above the

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

dolomite that occurred. above the water table 1n the Formlnco #l

well,gdolomrte samplesrlnﬂthe 31—33 well showed no signs of

sanding A minor dolomitic Siltstone was preeent above'the lost

circulation zone at 1233 1270 feet where st was encountered
but 1t did not resemble the unconsolldated crystalline - dolomlte
from :the {Forminco #1 well. ;The samples below that firstflost.
circulationfzone in thei3l—3d well-are'hard,~crystailine to ..
aphanitic'dolomitic'1imestones and dolomites;‘ These’ dolomltes'

are above the water table: and show no 51gns of sandlng.
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| Estimation of Subsurface Terrperatufes from
the ‘Silica Content of Water from the Flowline .

Discharge and Borehole Water Samples, CFSU 31-33 )

Millard Co., Utah
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‘Temperature -

Depth, ft .

EstJmatlon of Subsurfaoe Temperatures “from the

. - Pmpirical Na—K-Ca Geothermometer for Flowline
Discharges and Borehole Water Samples, CFSU 31-33-
Millard Co., Utah : ’

TABLE 2

Na~-K-Ca
B =1/3

TEmpefature o

from

of Flowline
. op e
Estimated

2455

2825
3720
4170

i 4800

DS . Na = K - Ca .

138 | w00 | _ 2530 | 423 | 5.6 554
S99 | 755 a5 | 2 | 200 | B2 o
155 | 8000 - 2916 | 465 - 62.4  | 497
102 { 10,000 | . 4000 .~ 143 .4 495"

2 | 1320 355° 56.2 - | 74.4 | 407
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-2._ o ' COVE FORT - SULPHURDALE #31-33 ' :
i MA_XIMUM READING THERMOMETER TEMPERATURE SURVEYS o
“TABLE 3
) - . TIME SINCE THERMOMETER
: DATE  CIRCULATION STOPPED . _READING _  DEPTH
i 05-28-78 . <30 min. - 103°F © 2620
06-02-78  <30°min. S '108°F o ase
| 106-03-78 © <30 min. . 118°F . 608"
'j 06-04-78 <30 min. . 120°F . .l o733
f 06-05<78 . <30 min. - . . : 139°F 899"
,é 06-05-78 - <30'min;;-" 13 987
,f 06-06-78 - <30 min. .  150°F ~ 1080"
! 06-15-78 ) 15 min. . l22°F - 1332
| 06-16-78 | 15 min. . 118°F : 1400°
06-27-78° 15 min.© - S 133°F | 1945
06-28-78 12 hours | 210°F . 2000"
06-30=78, 1S min.. . 138°F 2354
. 07-04-78 1.3 hours "- By 23407 3250"
| 07-05-78 1.2 hours. 7 260°F . 36250
07-08-78 2.2 hours o - 285-290°F  4090"
07-08-78 ~ 14.5 hours - 283°F  4440"
07-10-78 5 hours . 292-294°F  4675"
07—10—78 | 2 hours | - - 292-294°F 4700"
07-10-78 " 10.5 hours - ‘  291-292°F 4727"
07-10-78 18 hours = . 2030m- - 4735
07-17-78  19.5 hours | : ..7‘;244—249°F s 5035 "
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GEOCHEMICAL. DATA .. -

lWEﬁLi _ﬁnlbn 0il Compaﬁy of.Callfornla
- Cove Fort-Sulphurdale Unit #31 33
Millard County, -Utah -
Sample Informatlon'
SOULCE .- s e eeeeeemeenn. ;:....;; ......... Flowline :
Collection Date and TiME. v e vseeeeenennn 6-30-78, 1200 Hrs.
" Depth of Well at Time of Collection.... 2455 '
Temperature O0f Sample.......coeeceenn.n 138°F
-Date Analysis Begun................. ... Received by lab 7-11-78
© Turbidity . - . "150.0 NI‘U  Lithium as i © 12,05 mg/1
Conductivityf .ll,700' urhos/cm Tbtal‘Hardhess as CaCOé ©24.0 mg/1
pH | 877 Units . Tron as Fe (Total) 3,200 mg/1
TDS at 180°C 7,600 mg/1 | | Ir'orijas Fe (Filtered) 6.347 g/
_ Alkalinity asta¢b3 f' 836,0 mg/in lead as Pb o _6.345 _mg/1
"Arsenic as As 0.970 'mg/1 f' Magnesium as Mg ‘,‘ -2.40 i mg/1 .
Bicérﬁoﬁate as:Hcosl- 888.16 mg/1 'Mangaﬁese-és Mﬁ L 0.249 mg/1 |
Bariun és Ba 0.07 iﬁg/lz” - Nércury as Hg - ' _<0.0602 mg/1
Boron as B - 0.5 mg/1. = Nickel as Ni ~ . 0.685 }ng/_l
Cadmium as cd | 0.004 mg/1‘ Nitrate as NO3-N - | - 0.04  mgn1
'Caléium as Ca 5.60 ' mg/i -Nitrite as NO,-N " 1<0.01  mg/1
Carbonate as COy 64.8  mg/1 ‘Potassium as K 423.0 mg/l
Chloride as L 3,440 mg/1 " Selenium as Se <0.001 mg/1
Chromium as Cr (Total) <0.001 mg/1 . Silica as sioy - - 77.50  mg/1-
Chromium as Cr (Hex) © <0.001 mg/l"‘ éilver as.Ag | - 0.026 ng/i .
4C0PPér as Cu " _Jlﬂxgi_yg/l ‘f - Sulfate as soé'. ; » 272.0 ng/1
Surfaqtants MRAS <0.05 mg/l ' Sodium as Na o - 2,530 mg/l
" Fluoride as F - g .3;10 mg/1 L Zinc as Zn . 0.084 mg/1
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’ * GEOCHEMICAL DATA .
WELL: Union Oil Company of California’
Cove Fort-Sulphurdale Unit #31- 33
~Millard County, Utah
Sample Informatlon
" source. .. ... e . .....Flowline ,
. Collection Date and Tim@....viveveceenn 7-1-78, 1100 Hrs.
- Depth of Well at Time of Collectlon.... 2825
Temperature Of Sample.......ceeieeee... " 79°F .
Date Andly$is Begun................. «.. Received bY lab 7-11- 78
Turbidity . 2600 MU Lithimasii - 1246 ngn
Conductivity ' 11,780 _whos/cm - Total H;aidness‘as CaCo4 .560.0 rig/1
PH '- 7.38  Units . Iron as Fe (Total) - 8.786 mg/1
TDS at 180°C - . | 7,655 ;mg/l’ " Iron as Fe (Filtered) - 1.920 mg/1 '
" Alkalinity as CaCO3'- 394;9 mg/l - - lead as Py - o 0.350 mg/1.
Arsenic as'As . l. ©0.379 Mg/l ' Magnesium as Mg - 14.40 pg/1
Bicarbonate as HCO3"- 489158 'mg/Li | Manganese as Mn 2.084 mg/1-
Bariﬂn'as Ba. - - _ 0-291 ng/1-<'f - Mercury as Hg_ <0.0002 mg/1
Boron as B ' 0 30 ‘mg/1. . Nickel as Ni . - 0.680 %g/l
Cadmium as Cd o 0 006~ ~ﬁg/l o Nitréte as NO3-N . | 0.03 - né/l
' ACaiciumvas'Ca - ‘s 20040 mg/1 »I -Nitrite as NO,~-N : 0.01  mg/1 -
Carbonate as CO3 <0.01 né/l’ .. Potassium as K ' 452.0 mg/1
Chlo;idegas"Cl" 3,550" Ang/l - Sélénium'as:Sev | _. <0.001 ‘mg/1
Chromium as Cr (Total) <0.001" mg/l . Silica as 510, 25.50  mg/1
Chromiwi‘as Cr (Hex) <0.001 mg/l . . Silver asAg . - 10,032 mg/1
Copper as Cu. | 0.049 ‘mgyI = Sulfate as SO, ‘A 9200 mg/1
Surfacéantg MBAS <0.05 ‘-@;/1 Sodim as Na | 2,475 mg/1
' Fluoride’as F 320 my/1 zincas zn 0,231-""@/1”
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GEOCHEMICAL DATA

WELL: Union Oil Company of .California
: - Cove Fort-Sulphurdale Unit #31-33
" Millard County, Utah

: S'ampi_e Information

;Séurce; ......... e e .;.Flmﬂine
Collection Date and Time............... 7-5-78, 1200 Hrs.
Depth of Well at Time of Collection.... 3720
Temperature of Sample.......ccovinn... 155°F .
~Date Analysis Begun........... e raeaen Received by lab 7-11-78
mrb_i‘aity 200.0- NTU Lithium as Li o o 11.62 wg/1 |
‘ ConduCtivity.': . 12,300 uﬁhos/cm - Tbtal'Hérdness as CaC03 - 158;0 mg/1
H ' _7.94 Units Ircn as Fe (Total) - 11.100 mg/1
TDS at 180°C ° . 8,000 mé/l“ . Iron as Fe (Filtered) | 8.660 'mg/l
Alkélinity as CaCO3 - ZZIO;O'Hg/l ' Y‘Lead'as.Pb.v'. - 0.345 " mg/1
Arsenic as:As“ 1,131 g/l . Magnesium as Mé . . -7 17.68 )ﬁg/i
Bicarbonate as HCO3 » ':256.2 mg/l Manganese'as Mn | 0.328 vmg/l
BariunIaS"Baln~;' ' 0.16 _n@/l-r - Mefbury,;sggg _ ' ><O;0002 ng/1
Boron as B . o 0;25'>ng/1 © " Nickel as Ni - = 0.688 ﬁg/l5
Cadwium as cd © 0.007 g/l Nitrate as NOg-N  0.02 g/l
CaléiﬁmnaéVCa  62.4 . mg/1 _  Nitrite as NOZQN  ‘ <o.01.‘ mg/1
Carbonate as CQ3  <0.01 mg/1 . Potaséiumvaé K - 465.0 ng/l 
Chldﬁde asCl . 3,410 mg1 .Sélepium as'se., . '<Q.001 rg/1
Chramium-as Cr (Total) -0.048 . mg/1 ‘silica as §i0, 64.0 mg/1
Chromium'as Cr (Hex)  <0.001 mg/1 . - .Silverf_é's‘}y.; T 0,030 ng/1
Copéer as Cu'~-‘ 7 0.077 mg/1 N Sulfate as SOf ~ .= 1,000 mg/1
.Surfactants MBAS S <0;05 mg/1 . Sodium as Na :  2,916v.mg7i
-‘FiUOriae asF - 2.90 mg/1 ‘ Zinc as zn o 9;051 mg/1




K GEOCHEMICAL .DATA' -
WELL: Union Oil Company of California
Cove Fort-Sulphurdale Unit #31 33
Mlllard County, Utah :
Sample ‘Information »
Soﬁfce.;< ...... e ';.;...Flowiihe
_ Collection Date -and Time......viieeo..n 7-7-78,
' Depth. of Well at Time of Collection....4170
............ 102°F

Temperature of Sample
- Date Analysis Begun

-----------------------

‘0600'Hr5; B

. Turbidity

Conductivity -

PpH
TS at 180°C

Alkalinity.as CaCOy .

Arsenic as As '

Bicafbonatefas-HCO3‘fQ

Barium as Ba

Boron - as' B

_‘Cadnﬁm1as ca
"Calcium as Ca

. Carbonate as CO3

Chloride as C1

Chromium as Cr (Total)
Chramium as Cr (Héx)w

V'quer éscm

Surfactanté MBAS

: Fluoride'as«F;

390.0
15,380 11dmg$ﬂ1ni,
9.9 |

10,000
1,440
5.707 1
. esa;éf
0.47  mg/1 -
0.50

14.40
 540.0
N 3,906-ﬁg/l
0.006"
© <0.001
0.166.
<0.05 g

_3.607mg/1

NTO

Units
mg/1

mg/1 .
g/l -

my/l.

_0-50 mg/1
0.045

Hq/i:,‘.
mg/1

mg/1

mg/1
mg/l -
mg/l

ng/L

Lithium as idi

‘Iﬁ31asFe (Total)
Iron as Fe (Filtered)

}.Lead;m Pb o

Magnésiﬁm:as Mg - .

Manganése-as,Mh'

 Mercury as Hg

Nickel as Ni_

Nitrate as NO3-N - -,

-Nitrite .as NO»-N

Potassium as K

‘SekmiuqéSSe»
'Siliéa as Sibz
: SilveraasjAg
| Sulfate as so;
”Aéodiwﬂes Na‘

Zinc as Zn

13.31 -

Total Hardness aS‘Cacoé —20.0.

3,36 mg/l

©0.016 mg1
"j>o.ooo7u
- 0.975

<0.01 mg/1

.01 |

0.037..
. 760.0 mg/1 .
4,000 mg/L

©0.041,  mg/1

0,108 mg/1 .
. 0.420 mg/1

mg/1

mg/1 -
©10.600

ng/1

mg/1

mg/L

mg/1
443.0 mg/1
0,007 mg/1

79.0  mg/1 -

mg/1-

i
t
Lt
i
!




i - GEOCHEMICAL DATA ' -
WELL: Union 0il Company of California
© - Cove Fort-Sulphurdale Unit #31-33.

Millard County, Utah . °
Sample Information . " .
' : SoUrCe€..a. o« s ecesasaseneaane .o . Extract through 1nverted float sub

) S . . _ . into drill pipe

Collection Date and Time.....ccoceu... 7-20-78 :

-Depth of Well at Time of Collection..5221

Temperature of Sample.......... i

Date. Analy51s BEGUN. - vevernnnnnn ';....7-26 -78 .
Turbidity - . 8.0 NIU . . Lithiumas Ii - 1.164. g/l -
Conductivity ' 2,035 urhos/cm: . Total Hardness'as:CéCO3 1266.0° mg/1
oH , . 7.44 Units - Iron as Fe (Total) .  2.154 mg/l
DS at 180°C 1,320 mg/1.. . Iron as Fe (Filtered) . =~ 1:976 mg/l
Alkalinity 'as..Caco‘3 ©200.0 mg/1 - lead as Pb 0.006 mg/1
Arsenic as As e 2.991 mg/1 . Magnesium as Mg 19.20 mg/1
Bicarbonate as.HCO5 244.0. mg/1 Manganese as Mn 0.043. mg/1
Barium as Ba . 0.15. mg/1 Mercury as Hg '<0.0002 mg/1
Boron as B ©0.20 mg/l-. . Nickel as Ni - <0.001 . mg/1
Cédmium as Cd ¢ - | llﬂlﬂl__gm;/l" .~ Nitrate as NO3-N . 0.45 g1
"Calcium as Ca = 74.40 mg/1 Nitrite as NOy-N ©<0.01 mg/1
Carbonate as CO3 <0.01 mg/1 Potassidm as K 56.20 ng/i
Chloride as Cl 502.0". mg/1 .. Selemum as se . <0.001 mg/1
Chromium as Cr' (Total) <0.001 mg/1 Slllca as 8102' 64.5 mg/l
Chramium as Cr (Hex) . <0.001 mg/1 _ Silver-as ag - <0.001 mg/l1
Coppeti-as Cu. - » 0.914 mg/1- . = Sulfate as SO, o 187.0 " mg/1
Surfactants MBAS  <0.05 mg/1 sodiumas Na . 355.0 mg/l
Fluoride as F .. .. 1.03 g1 Zinc és Zn - , ©0.104 mg/l
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KP)/ - " Well History . ‘1/‘ '

- Union Qil Company of California

LI

TYPE WELL

(Geothermal) . Hot Water

COMPANY

Union 0il Company of California © pEe 33 |v 258 - R6W . M SLM

LEASE

Cove Fort Sulphurdale Unit : 31-33 Millard

. [WELL NO. COUNTY -

[ELEVATION —15505
GR ( 5/24/78 | 7/27/78 |~ -= - | 5221' 2600' .

LOCATION

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

AREA :

‘the South &

corner of Section'.28, T25S, R6W, SLM

6480"'

T JCoMP, : ABAND. . ITOTAL DEPTH - PLUG’ RECOMP.

HOLE DEVIATION

B.H.L.

1 660" maximum'pqssible

CASING RECORD . WELL DATA

W.5.0. - PERFS..« REMARKS

3 emt

1EEY

Hanging Tubind e

DATE DEPTH
5-24-78 . .~

[54'1

Center punched. hole from 52' to 54°, :Laid down hole

opener....Ran.17=1/2" bit..

2=25-78

Drilled 17-1/2" heole from 54' to 79'; Repairéd»mud

PUmp.....Drilled 17-1/2" hole from 79' to 86'. _Continued

[AVER)

pump..repairs....Unable.to.keep hole clean.with -one. pump. .

Drilled.17-=1/2" hole to.123'.  PRlaced rig.on.repair. . ...

rate... . Repaired both mud pumps.

['s=26=7s "

Continued.mud pump .repairs Ran.17-1/2" bit at 2000

LCleaned. out. £ill. in._ ..

hours,. following. pump. .repairs...

[144"]

ta.144'.

5277

- 60

[282']

Drilled.17~1/2" .hole.from.144.". £0..282!

Em 28 TG e

.Drilledmljél/Qﬂwhole&frnm 282 to0..301! Opened..17=1/2"

t3011]

hole.to..26".hole from 52! .t0.77" Repairedmmudwpumpmme@w::
Opened..17=1/2".hole to 26" hole.from.77' to.167'. ; '

A

Repairedwandmre:dressedwzgi;holewopgnex;withmnewwauttexs&mwA'

" Form 335B (Rev 6/67)

hale.from.103'.to..123'...Drilled. 17-1/2" hole from 123' . =




e

5-30-78
[301']

5-31-78

[301']

CFSU 31-33
Well History

' 5-20-78
13011)

6-01-78

[315'].

6-02-78
[507']

6-03-78
[711'] "

Page Two

Opened 17-1/2" hole to 26" hole from 167' to 289'

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" to0-295'. Laid down 26" hole. opener.

Rigged up and ran 7 joints, 20", 94 1lb. per foot,
H~-40, buttress ca51ng, total 294'. Casing stopped at
281'. 'Hung 20" casing with Halliburton Duplex Float
shoe at 281'. Ran 9 jOlntS,-4 1/2" drill pipe with
Halliburton Duplex mandrel, stabbed into Duplex Float.
shoe. 'Circulated through float shoe to surface -and
conditioned mud. Hallibufton mixed and pumped 767 ft3

" class "B" cement through:drill pipe and shoe with 2%

CaCly. Displaced cement slurry with 12 ££3 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.

Cut off 30" casxng,ﬂand 20““casing{v_Welded;on 20" -

2000 psi rated flange.  Installed 20" Double Shaffer -

_blow-out preventor and 20" Hydril "GK" blow—out preventor.

“Completed 1nstallatlon of blow—out preventor actuatlng
- lines. 1Installed choke manifold. Tested blind rams

to 500 psi with water for thlrty>m1nutes. . Tested Hydril
"GK" with water to 500 psi for thirty minutes. Tested

- kelley cock to 800 psiﬁ{»All tests -were witnessed and
.approved by John. Reeves, U.S.G.S. representative. Ran’

17-1/2" bit and drilling assembly. Drilled cement
from 272' to casing shoe at 280' and cement to 282°'.
Cleaned out fill from 282" to‘301' Drilled 17-1/2"
hole from 301' to 315'. Plugged bit. Pulled out of
hole. Removed -junk from drill collar float.. - :

wRépaired no. 1 pump. Ran 17- 1/2" bit and drilling‘

assembly w1th two added stablllzers. Drilled 17-1/2"
hole from 315' to 507°'. . . P -

Drilled 17- l/2“ hole from 507' to 674'. Rep051tloned ;
shock sub.in drilling assembly for better stabilization.

‘Drllled 17- l/2" hole from 674' to -711'. " 'Shock sub

failed, parted in spline. Pulled out of hole. Top of
fish or drilling assembly at 662'.. Left 17- 1/2" blt,-

.f17 1/2" stabilizer, "bit sub, 8" drlll collar, and

broken' shock sub in hole.:

TRV TNE S
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. CFSU 31-33
. Well History

6-04-78

[844"']

6-05-78

[1040 ]
6- 06 78

[1241']

 6-07-78

[1241']

6‘08 78 -
[1241']:

6-09-78
[1241%]

" . Page Three -

Ran 1143/4"'overshot'with extension. - Located and:

engaged fish. -Recovered fish. Made up drllllng assembly."”

Drilled l7 -1/2" hole from 711' to 844'

Drilled l7—l/2"-hole from 844'vt0 1040';

Drilled 17-1/2" hole from 1040' to 1236'. Lost circ-
ulation while drilling at 1236'.. Drilled without .
returns from 1236' to 1241'. H)S alarms sounded
indicating -10 PPM H3S. Pulled out of hole.-

~ Ran open end drill pipe to 1230'. Dlsplaced lost

circulgtlonuplug no. 1 through ' drill pipe as follows:
375 ft class "B" cement with perlite in a 1:1 ratio,

with 40° silica 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 - B

circulation plug no. 2 through drill plpe as follows:
350 ft3, class "B" cement with perlite in a 1l:1 ratio,

1 40% silica flour, 3% gel and 0.5% CFR-2. .Cement in -

place at 2050 hours. Pulled out of hole Walted'on

‘cement. Gas flow stopped for twenty minutes and- slowly

returned at ‘a low flow rate

Ranldrlll‘plpe to 1241', no f111 located - Pulled
drill pipe to 1230'. Displaced. lost circulation plug
no. 3 through drill pipe as follows: pumped 20 bbls:

thick gel mud mixed with lost circulation material ahead ~

of 240 ft3 class "B" cement with perlite in a.1:1 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 ££3 class "B"
cement with perlite in a 1:1 ratio, 40% silica flour,
3% gel, 0.5% CFR-2. and 15% lost circulation material.. =
Cement in place at 2145 hours. Waited on cement.:

Waited on cement 3’houre.'uRan-drill pipe to 1230';

- no f1ll located. Mixed 100 bbls. thick gel mud with
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CFSUV31-337 ‘ _ : h o Page Four
Well History o o :

6-09-78 _ Contlnued—eh——'

25% lost. c1rculat10n materlal and'displaced lost

: ) circulation plug no. 6 behind mud and LCM as follows:
; , : C 305 ft3 class "B". cement with perlite in a 2:1 ratio -
§ | with 40% silica flour and 3% gel. Cement in pléce-at
5 ' 1400 ‘hours. Pulled out of hole. Waited on cement

T S : 5 hours. .Ran drill pipe to 1230', no £ill located.

S R . Displaced lost c¢irculation glug no. 7 through drill plpe
e I at 1230' as follows: 305 ft° class "B" cement with
‘ ~ perlite in a 2:1 ratio with 40% silica flour and 3%
i ' gel. Cement.in place at 1915 hours. Pulled out of
R : C hole with drill pipe.. Waited on cement.

. 6-10-78" . .Ran drill pipe to 1230', rno f£ill located.. Pulled
[ﬂ252'l ’ out of hole. Ran 17-1/2" drilling assembly to 1236°', '

: : circulated with returns and cleaned out rocks .and -
formation £ill 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, - |
U g : indicating fractures or running dolomite in the 11' of
o newly drilled hole. Pulled drilling assembly. Ran.
drill pipe to 1230'. Displaced lost circulation
plug no. 8 as follows: 230 ft3 class "B" cement with
perlite in a l: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 fill
located. Dlsplaced 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 fill from plug Displaced lost -circulation plug no. 10
, . through drill pipe- at 1230 as follows: 210 f£t3 class
B "B" cement with perlite in a l:1 ratio with 40%
' : silica flour, 3% gel, 20% lost circulation material and
20% CaClp. Cement in place at 1915 hours.. Waited on
cement 4 hours. No fill from plug. Displaced plug
- no. 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, 2% CaCl, and 20% lost 01rculat10n
material. Cement in place at 2400 hours..,

6r11—78 . Waiﬁed on cement.4»hours; Ran drill plpe to 1230°'.
- , [1257'] No-'fill located. Displaced lost circulation plug no. 12
< : ’ through drill pipe as.follows: 210 ft3 class "B" cement .




. CFSU 31-33

Well History

6-11-78

6-12~78
[1257'] -

6-13-78
[1257"]

- 3%:-gel and 3% CaCl,. Cement in place-at 1400 hours.

'3% CaCl,. Cement in place at 2000 hours."Waited,on"

-with mud. Ran 17-1/2" drllllng assembly. Drllled flrm o

R
§

Page‘Eive

;Contlnued———~-

with perlite in a l:1 ratio with 40% silica flour,
3% gel, 2% CaCl, and 20% lost circulation materlal..»

- Cement in place at 0530 hours.. Pulled out of hole. . .
- Ran home-made lumber (2" x 4") float on wire line to

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 ft3 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% CaClj. 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 1160' to 1236'.  Lost’
circulation. Drilled with no mud returns. to surface
from 1236' to 1257'.

Pulled out of hole. Ran drill pipe’ to 1230"’”Dis—

_placed ‘lost ‘circulation. plug no. 14 through drill
" ‘pipe as follows: 166 ft~ class "B" cement with 2%

CaCl 25 1bs Gilsonite per sack of cement, .5 lbs

" Flo- Cele per sack of cement and .5 lbs nut plug pex

sack of cement. ~Cement in place at-0115 hours.’

_Pulled ‘out of hole. Waited on cement 4 hours. Ran

drill plpe 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 1:1 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 plpe to 1230'. Displaced lost c1rcul§tion'plug““
no. 16 through drill pipe as follows: 86 £t~ class "B"
cement-with perlite in.a 1:1 ratio, 40% silica flour,

Waited on cement.” No fill up from plug no. 16. Dis-
placed lost circulation plug no..l1l7 through drill pipe
at 1230' as follows: 200 ft- class "B" cement with .
perlite in"a 1:1 ratio, 40% silica flour, 3% gel and. -
cement. Pulled -out of hole.

Ran drlll plpe to top of cement. at 1221"* Fllled hole




CFSU 31-33

‘Well History

6-13-78

6-14-78
[1276']

6-15-78

[1400']
6-16-78
[1529']

6-17-78
[1564']

Pagé,Six.‘
Continued-----
cement from 1221 to 1247'. Lost mud returns at 1247'.
‘Pulled out of ‘hole. . Ran drill pipe to 1230'. - Dis~.

placed lost circulation Pal %1x plug no. 1 thrbugh'

drill pipe as follows: 90 £t~ Pal Mix 110-R, displaced
with 100 ft3 H;0. Waited 1 hours. .No success.in
filling hole. " Displaced additional Pal Mix plug no. 2

.as follows: 90 ft3 Pal Mix 110-R, through drill pipe

at 1230', ‘displaced with 100 f£t> H,0. Waited 1. hour."
No success in filling.hole. . Displédced no. 3 Pal Mix

plug-ag follows: = 90 ££3 Pal Mix ‘110-R, displaced with pe LT

100 f£t3 H20. Waited 1 hour. No success in attempting .’
to £ill hole. Displaced,lost circulation'plug no. 18 -
through drill pipe at 1230' as follows:: 125 cubic feet
Gel-Gilsonite 1:1 ratio high viscosity. mlxture, followed
by 235 ft class "B" cement, sand and perlite, mixed

in egual amounts. Displaced with 67 ft3 Hj0. “Cement

in place at 2000 hours Waited on cement. Pulled

drill pipe.

"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'. . Displaced
lost circulatiog plug no. 19 through drill pipe as
follows: 112 £t~ .Hp0 with 700 lbs Pal Mix 110-R

(Pal Mix plug no. 4). ‘Waited 1 hdur: - Pumped 115 ft3 .
class "B" cement.with sand and perllte in equal amounts.
Displaced ‘with 67_ft3 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 w1th mud and mixed mud Pulled out of hole. "

Ran l7~l/2“»drllllng assembly. Drilled firm cement

from 1230' to 1261'. Drilled 17-1/2" hole from 1276"

to 1400', with no fluid loss.

prilled 17-1/2" hole from 1400 to_1529'. Lost 60 bbls
drilling mud at 1513°'. o o

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.0.H. Ran drill
pipe to 1535'. ‘Displaced lost:circulation plug #20 . thru
drill pipe’ as - follows. 95 ft3 Pal MlX llO R :
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' Waited 30 minutes.

‘Drilled 17—1/2“ hole from 1730°'
:and conditioned hole for casing.

with 140 f£t3 H,0,

"plug per sack”ofAcement

e it
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5)-displaced with 120 £t3 H,0.
Displaced 115 ft3 class "B"
cement with perllte and sand in equal amounts..- .
placed with 92 ft3 H,0. Cement in place at 1945
hours. Pulled out of hole. Waited on cement.

(Pal M;x plugino.

Dis-

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

hole from 1623'.to 1730'. Lost 60 bbls
to 1656', 200 bbls mud from 1683' to
and 50 bbls mud - from 1696' to 1720'-

Drilled 17-1/2" h
mud - from 1646
1691"

to 1735'. Circulated

! Lost complete returns.
Pulled out of hole. Mixed mud. Ran drill pipe and
found 2' fill at 1733'. Unable to fill hole with

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
followed by 104 f£t3 class "B" cement
with 2% CaClz, 25 1lbs gilsonite per sack of cement,

.5 1lbs Flo=Cele per sack of cement and .5 lbs nut
.Displaced with 112 ft3 H,0.
Cement in place at 1415 hours. Pulled drill pipe to
1229'. Waited_one hour. -Displaced lost circulation -
no. 22, 104 ft° class "B" cement with 2% CaCl,, 25 lbs
gilsonite, .5 lbs Flo~Cele per sack of cement and :

RNV

Lost 100 bbls *

- at 1630 hours.
drill pipe to 1732°'.

104 ft3
with 40% silica flour,
placed slurry with 112 £l H,0.
Walted on cement..

.5 lbs nut plug per sack of cement.
‘Waited on cement to . 2000 hours.
Displaced lost .

circulation plug no.

112 ft3 Pal Mix 110-R (Pal MlX plug no.

with 134 ft3 H,0.

Waited 1 hour.
plug no.

0100 hours.

- Ran
No fill located.
23 through drill pipe as follows:
7), displaced .

3% _gel and 0.5% CFR-2. Dis-
Cement in place at
Pulled out of hole.

Cement in place '~

Displaced remainderidf lost circulation
23 through drill pipe at 1610' as follows:
class "B" cement with perlite in a 1:I¥'ratio
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'_Ran drill pipe to top of cement,at 1638". - Filled

hole with 230 bbls mud. Fluid level dropped out of

. sight dfter 10 minutes. Displaced lost circulation : - '

6-22-78
[1735']

plug ng. .24 through drlll ‘pipe at .1550' as follows:
104 ft> Pal Mix 110-R displaced with 128 ft3 H,0

(Pal Mix plug no. 8), followed after 1 hour by 101 ft3 -
. class "B" cement, with perlite in a l:1 ratio with

40% silica flour,' 3% gel-and 0.5% CFR-2. Displaced
slurry with 112 ft34H20. Cement in place at 1030
hours. Waited on cement 4 hours. Ran drill pipe to

. 1638'. No fill located. Displaced lost circulation

plug ng. 25 through drill pipe at 1580' as follows:

145 f£t3 .class "B" .cement, with perlite in a 1:1 ratio, -
with 40% silica flour, 3% gel and 2% CaClp,. Displaced -
with 112 ft3 H: Had mud returns .to surface while
pumping last 28 ft of displacement H,0. :
Pulled drill:pipe. Ran 17-1/2" 'drilling 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.  Ranm 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
"DV" collar at 1115'.. Mixed and pumped 100 ft3 H,0, -
followed by 100 ft3 H20 mixed with 70 lbs_FR-20 flushlng

-agent and gilica flour, followed by 53 ft H20 -mixed

with 30 ft3 sodium silicate, followed by 200 £t3 H,0
through casing shoe-at: 1733'.: Followed pre-flush w1th

- cement slurry as follows:- 795" ft3 class "B" cement

with perlite in a 1l:1 ratio, 3% gel, 40% silica flour
and 0.5% CFR-2, followed by 326 ft3 class "B" cement
with 40% silica flour_and 0.5% CFR-2. Displaced
slurries with 1520 ft3 mud.  Did 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 ft3”cement:“
slurry to surface from above "pv". ' o

w7 Mg pseniiel
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Circulated mud.through "DV" with no fluid loss for four
hours. Performed second stage cement job ‘as. follows:
mixed and ‘pumped through "DV" cementer -at 1115%, 168 ft3
Hy0, followed by 1611 £ft3 class "B" cement, with Perlite
in a 1l:1 ratio, with 40% Silica Flour, 3% Gel:-and 0.5%
.CFR-2, followed with "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

TIPSy SRS

surface durlng stage #1.and partial returns to surface dur-

ing stage #2. 50 ft3 cement slurry estimated to surface
during secohd stage. .W.0.C. 4 hours. . Removed B.O.P.'s
.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

-6-24-78

[1735']

6-25-78
[1770"]

6-26-78"
[1902"]

6-27-78
[2019']

6-28-78"

{2019']

class "B"-cement with Pérlite in a 1:1 ratio, 40%
Slllca Flour, 3% Gel and 0.5% CFR—2, all pumped through .

“1" pipe. Installed 12" - 900 series’ S.0.W. casing head.

Installed 12" - 900.series Double Shaffer and Hydrll

"GK" B.0.P.'s and banjo box. Installed choke manlfold
and kill and choke lines. Tested B.0.P.'s, pipe rams,
blind rams and. Hydrll to 1500 psi for 30 mlnutes Tested
banjo box to 500 psi for thirty minutes. Tested Kelly
cock to 2000 psi for 15 minutes.. All tests witnessed

and approved by John Reeves of the U. S G.S..

Ran 12 -1/4" drilling assembly. Drllled through Halll—
burton "DV" cementer 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' to A
1735'., P.O.H. Ran bit #7 on 12-1/4" drllllng assembly.

‘Drilled 12-1/4" hole from 1735' to 1770'.

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

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

Drilled 12-1/4" hole from 1902' to 2015'. Lost all ‘
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 drilling assembly

out of hole. ngged up to air drill.

Installed ‘Grant rotatlng drllllng strlpper “Ran 12-1/4"
drilling-. assembly to 2000'. ‘“Ran temperature survey (#1)

after hole static for 12 hours, indicating. 210°F. Pulled
"and magnafluxed drilling assembly. -Continued“toiinstall;

air. drllllng equipment.
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6-29-78 ‘Ran 12-1/4" drilling assembly .to 2019', no obstructions.
- [2322'] Circulated with ‘195 psi air pressure through drill pipe.
o . No fluid indicated to be in hole. Injected 200 gpm
' ‘Hy 0 co-mingled with 1200 cfm air. Partial air returns
to ‘surface without fluid or. cuttings experienced while-
drilling 12- 1/4“ hole from 2019' to 2151'. Had inter-
L mittent returns of water and drlll cuttlngs to surface
i - from 2151' to 2322°.

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

T [2672']1 ~mittent fluid returns to surface with drill cuttings

A o .while drilling from 2322' to 2350'. . No returns to

L ' - -surface while . drilling below 2550'. No f£ill on bottom.
~i - 7-01-78 . Drilled 12-1/4" hole from 2672° to.2920fiwith aerated

; [2920'] water. Had intermittent returns by heads every three

to four hours. ' Shock sub parted. P.O.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 11-3/4" Bowen .
overshot - fishing tool and ran in hole. . o

7-02-78 Worked overshot over top. of fish and engaged mandrel.

[2920'] - Circulated with intermittent returns through the fish

g i - 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 with 12~ 1/4" drllllng
[3161'] assembly. 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' to3161l'. Received some .inter=
- mittent heads of cold water, '50°F, while drllllng from,
©2920' to 31le61'. - . S

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 corr031on 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. rates ='42.8 #/ft/yr, .
while drilling from 3550' to 3728' : : '
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‘Drilled 12-1/4" hole from 3765' to 3865'.. Pulled drill

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 drllllng from 3950' to 4070'.

Water volume 1n]ected with air stream approximates
sllghtly more than that returning to surface.

Drilled 12-1/4" -hole from 4070' to 4500'. Water rate -
to sump approximates 40 bbls/hr.‘ S -

Drilled 12-1/4" hole from 4500" to 4540'. Attempted to

_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

at 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 ’

Drilled 12-1/4" hole from 4578' to 4636'. Pulled drill -
string to reposition jet.subs to improve fluid returns.
Placed jet subs at 385'.and 950' above the bit. Ran
drilling assembly to 4494'. Cleaned out f£ill while

pumping aerated water from 4494' to 4636°'. Drllled 12-1/4" -
‘hole from 4636' to 4794"., Had very fast drilling from

4782' to 4794". Hole cleaning impossible with recurring
£i1l fromr4782‘ to 4794' " One:air compressor -failed.

Removed drill pipe-string float ~Ran #2 temp. survey at 4700°',

.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.O.H. ‘Levelled derrick.. Removed jét subs from drilling

. assembly.

Ran 12-1/4" drilling,assembly;~‘Washed out £ill from
4800' to "4826'. Drilled 12-1/4" hole from 4826' to

- 4882', while pumplng only water through bit."  No fluid.

returns to surface.. ' A possible formation change was
indic¢ated at 4853' and one foot voids at 4852' and 4858'.
P.O.H. Placed jet subS'ln 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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from 4832' to 4847'. VNo fluid returns to surface.
Pulled assembly up 315' and attempted to circulate

with air only. Fluid flowed back through drill-pipe, -
100% water, for 25 .minutes, 1nd1cat1ng a fluid 1evel
P. O H. Removed jet ‘subs.,

7-12~78 ':Ran 12~ 1/4” drllllng assembly to top of flll at .4785"',
[5009'] Cleaned out f£ill from 4785' to 4882' while pumping
only water. through bit, with no returns to surface.- E
Prilled 12-1/4" hole from 4882' to 4958'."Pulled bit to
4785'. Replenished water supply. R.I.H. to 4890'. . -
Cleaned out f£ill, pumping water, from. 4890"' to 4950°'. .
‘Stuck pipe and tools. Worked plpe and tools free after
90 minutes. Cleaned out to 4958'. Drilled 12-1/4"
-hole from 4958' to 5009' while pumplng only water
through bit; with no réeturns to surface.. Pulled drill

string to 4270'. Waited on water trucks to replenish .
supply. ‘ '
7-13-78 R.I.H. 'to 4910', with drilling.assembly. Pumped water
'[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 solutlon. Pulled bit to
- 4785', Pumped an additional, 76 bbls, modified forma-
tion consolidation treatment through the 12-1/4" bit, .
consisting of sodium silicate and calcium chloride :
solution.. P.O.H.. Ran drill pipe to 4926' and displaced
lost circulation_plug #26 through the drill pipe as
follows: 112 ft3, class "B" cement with Perlite mixed
..in a 1:1 ratio, with 40% Silica- Flour, 3% Gel and 0.5%" .
CFR-2.  Displaced slurry with 381 f£3 H,0. Pulled drill.
plpe to 4170'. _ L .

o 7~14-78 . Waited two hours. Locatedvtop of cement plug at 4840°',

- [5009']" . with.drill pipe. Displaced lost circulation plug #27. -
S : through drill pipe hung at 4833', as follows: 125 ££3
class "B" cement with Perlite in a 1l:1 ratio with 40%

- Silica Flour, 3% Gel and 0.5% CFR-2. -Displaced slurry
with 369 ft3 H,0.. C.I.P. at 0300 hours. Pulled drill
pipe to 4475'.” Waited five hours. Ran drill pipe to
obstriction at' .4753', P.O.H. R.I.H. with 12-1/4"
"drilling assembly. Drilled firm cement at 2100 hours,
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
_.whlle drllllng and/or cleanlng out.

Drilled 12-1/4" hole whlle 1nject1nngater with 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

. £ill from 4985' to 5015', Cored from 5015' to 5018°'.

Core barrel jammed. Pulled core barrel.

Recovered 8" . of hlghly fractured dolomlte from core

" barrel, Core #1.. Re-ran .core barrel. .Washed throagh

fill”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'. Drilled.

12-1/4" hole from 5021°' to 5068 while pumping water
through drlll pipe w1th no .returns to surface.

Drilled- 12 ~1/4" hole from 5068' to 5121' while pumplng
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 with no fluid -injection.

Pumped:-watexr down drill plpe. Washed with 12-1/4"

-drilling assembly through fill .from 5040' to 5121°'.

Drilled 12-1/4" ‘hole from 5121' to 5221" with no returns.
P.O.H.+ “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 1nd1cated-
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- .

out panel, that 1nd1cated a malfunction -of the #l .or first .

Ao

\

4
4
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temperature log run and corresponded to the maximum _
reading thermometers. Rigged down Schlumberger equip-

‘ment. Rigged up Geotex equipment. . Ran temperature

log, corresponded t6 other temperature logs, plus
spinner, water aquifer and radioactive tracer surveys. - .
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 pipe as follows: 312 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 364 cu. ft. H,O0.

- C.I.P. at 2000 hours. No fill from plug #28

Pulled drill pipe to 5009°'. Dlsplaced cement abandon-
. ment plug #29 through drill pipe as follows: 139 f£3

class '"B" cement with Perlite in a 1:1 ratio, with 40%
Silica Flour, 3% Gel, 0.5% CFR-2 and 504 cedar pulp.
Displaced slurry with 364 f£t3 H,0. C.I.P. at 0100 hours.
W.0.C. No fill 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 1:1 ratio,

40% Silica Flour, 3% Gel, 0.5% CFR-2 and 50# cedar pulp.
Displaced slurry with 350 ££3 H,0. C.I.P. at 0700 ‘hours.
Pulled drill pipe to 4350'. W.06.C. Pumped modified )
formation consolidation. treatment through drill pipe. at |
5009' consisting of sodium silicate ‘and calcium chlorlde,
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 ££3

H,0. C.I.P. at 1445 hours. Plugged bottom joint of . )
drill 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 fill 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 Perlite
in a 1:1 ratio with 40% Silica Flour, 3% Gel and 0.5%

CFR~2, . Displaced slurry w1th 300 fté H,0. C.I.P. at

Pulled drill pipe to 1700'. W.0.C. Ran drill pipe to
5009'. No fill from plug #32. Displaced 100 bbls gel

~ ~and lost c¢irculation material. through drill pipe, follow- .
ed by cement abandonment plug #33 . as follows: '
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7-21-78 . Contlnued -

O o .. 1le2’ ft3 class "B" cement with Perlite in a 1:1 ratio,.
' ' 40% Silica Flour, 3% Gel and 0.5% CFR-2, Displaced . .
slurry with 310 ft3 H,0. C.I.P. at 0945 hours: P.O.H..
“Ran 12-1/4" drilling ‘dssembly to 5011'." No cement fill
" up from plug #32.  P.O0.H. Ran- Halllburton 13-3/8" )
-EZSV plug -to 1608' on drill pipe. Plug stuck. Released -
from plug. P.O.H. oL S

7-22-78 - . Ran 12-1/4" drilling assembly. Drilled -and pﬁshedlblugi

o [5221' Tp]  down the hole from 1608' to 4947'. P.O.H. Ran drill
‘ ' pipe to 4935°',. Dlsplaced cement lost circulation plug-

Do ’ #34, through-drill pipe as follows: 84 ft3 class "B" |
' ' . . cement.with 15% Gilsonite per sack of cement-and .25%°
Flo-Cele per sack of cement. Displaced slurry with
| . 397 £t3 H,0. C.I.P. at 1445 hours. P.0.H. Waited
4 - four hours. Ran drill pipe to 4937', located top of cement
’ plug#34. Dlsplaced cement abandonment plug #35 through Ca
drill pipe at 4935' as follows: 82 ft3 class "B" cement '’
with 15# Gilsonite per sack cement and  .25%# Flo-Cele
(R - per sack of cement. Displaced slurry with 385 ft= H,O0.
; C.I.P. at 1930 hours. P.O.H. R.I.H. with Halliburtdn
g T 13- 3/8" EZSV plug #2 on drill pipe.

i 7-23-78 .- Set 13- -3/8" EZSV at 4750%. ‘Displaced cement abandgnment plug
[5221' TD] #36 ‘through drill pipe at 4735' as .follows: 86 ft . ,
‘class "B" cement with 15% Gilsonite per sack:and_.25#"
Flo-Cele per sack.. Displaced slurry wlth 352 ft3. H,0.
C.I.P. at 0145 hours. P.O.H. W.0.C. " Ran drill pipe to
bridge plug, no cement f£ill. ‘Displaced cement abandonment
plug-#37 through drill pipe at . 4742' as follows: 150 ft3
: S s . class ."B" cement, with Perlite in a 1l:1 ratio, 40% Silica

- ' : . Flour,_3% Gel and 0.5% CFR-2. Displaced slurry with

S - 355 ft3 H,0. C.I.P. at 0900 hours. P.O.H. Waited four

hours. Ran drill pipe:to top of plug at 4750', no cement
fill, plug '#37, Repaired Halllburton equlpment.

7-24-78 ) Displaced cement abandonment plug #38 through ‘drill pipe
"~ [5221' TD]" at 4745' as follows: 221 ft3 class "B" cement with Per- -
R lite in a 2:1 ratio, 40% Silica Flour, and 3% Gel. Dis- .
placed slurry with- 347 £t3 HZO. C.I.P. at 0100 hours.’
P.0O.H. ©No cement fill from plug #38. Displaced cement
abandonment pliig #39 through drill pipe at 4745' as
follows: 71 ft3 class "B" cement with 15# Gilsonite
" per sack of cement-and .25% Flo-Cele per sack of cement. i
Displaced slurry with 340- f£t3 H,0. C.I.P. at 0845 hours. -
Waited four hours. Ran drill pipe to 4728' top of '
cemeht. P.O.H!- Ran Halllburton 13- 3/8“ EZSV - plug #3

B e
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©7-24-78 ;i 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 ft3 ‘
K . B class "B" cement with Perlite in a 1:1 ratio, 40% Slllca
i o 2 Flour, 3% Gel and 0.5% CFR-2" pumped through and below
K s : EZSV plug. Displaced slurry with 230 ft3 H20 -Pulled
- setting tool out of 13-3/8" EZSV to 2740".- Dlsplaced .
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 f£t3 H,0. :
~ C.I.P. at 1800 hours. .Laid down 62 joints of drill pipe.

3 7-25-78 "Ran drill pipe to 2750', top of EZSV, no cement £ill.

f [5221' TD] . Displaced cement lower zone abandonment plug:-#42 through
: drill pipe at 2740' as follows: 75 f£3 class*"B" cement

with 40% Silica- Flour, 3% Gel and- 0.5% CFR-2:% Displaced

. . slurry with 200 ft3 H,0. C.I.P. at 0100 hours. P.O.H.

; é o . Ran drill pipe and located obstruction at 2574'. - P.0O.H.

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

3 from 2574' to 2745'., P.0.H. Pushed Halliburton 13-3/8"

) - A : rubber casing wiper plug to 1775' with drill pipe.

: ' P.O.H. Ran 12-1/4" drilling 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 £t3 H,0. C.I.P. at .2130 hours. .

; P 0.H.
Tl R i 7-26-78 .. - ‘Ran.drill. pipe and located top of - cement at 2552'. P. 0.H.
: - [2600' - Ran 12-1/4" drilling assembly to firm cement at 2552'.
Plug back - Drilled firm cement to 2600'. Laid down 88 joints drill

depth}- pipe-and drill collars. Disassembled B.O.P.'s and
'allled equlpment. ! S

7-27-78 . Contlnued to disassemble B.0O.P.'s. Installed 12" 900
[2600" PBD] 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 rig #5 at 1800° hours, 7/27/78.‘. '
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RKB to Cellar Floor - = 24.00'

T RKB to Ground Level =. 20.00'
CFsU 31-33 "RKB to 12" Casing Head ."= . 22.50'
CASING DETAIL
. NO. I : ' ‘ | . LENGTH BOTTOM -~ *  TOP -
JTS. DESCRIPTION ' . " _FEET ' _FEET _ ~ FEET. -
30" CASING
1. 30", 3/8" Wall H-40 Casing 27.50  52.00 - . Cellar Floor
1
20" CASING
20" HOWCO Duplex Float Shoe . -. T 2,10 280.00 . 277.90
7 20", 94#/ft H-40 Buttress Casing - ..289.90. 277.90 . -0~
.7 . Total: ‘ - 292.00 .
Landéd Above Zero or KB = - 12.00
280.00
- T13-3/8".CASING
13-37/8" HOWCO Float. Shoe °  2.05 1733.00 "1730.95
16 13-3/8", 54’50#/ft K-55 Buttress Casing 614.85 1730.95 1116.10
. 13-3/8" HOWCO "DV" Ceménter. . 3.35 ©1116.10 . 1112.,75
29 13-3/8", 54.504/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 Casing Head ’ 23.00
12" - 900’ Casing Head to Shoe - 1710.00
{
2-7/8" TUBING
1-: ' 2-7/8" EUE 8RD.Tubing with Slots and"" - 29.42° . 2579.53 2550.11
Bullnose with 3/4" Hole _ _ S
84 - 2-7/8" EUE 8RD K-55 Tubing - . 2529.11 | 2550.11 -0-
8s . Total: . 2558.53
: Landed in Tubing Hanger Below - 21.00

Zero- or KB

Tubing Heaq'to Bottom of Slotted v 2579.53
Joint :




Cove Fort Sulphurdale Unit Well #31-33

DEVIATION SURVEYS

TEMPERATURE =

MEASURED ~ DRIFT . TRUE . . MAXTMUM POSSIBLE = MAXIMUM-READING
DEPTH ANGLE: VERTICAL DEPTH - COURSE "DEVIATION " THERMOMETER
“140' . go30" 139.99" 1.22° ——-
262" 7 0°45' . 161.99" 2.82' 103°F
445" 1°15° 444.94" 6.81" 108°F
608" 1045 607.86" . 11.79" 118°F
733" 1000 732.85" 13.97" 120°F
899" 10451 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 500" 1330.767 | 44.97" 122°F,
1400" 4°30" 1398.55' 50.31° 118°F
1587". 4°30" 1584.98% 64.98" -—-
"1800" . 5945° 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 9°45" 3606.64" 316.22' - . 260°F
4090 10°15° 4064.21" 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° 5164.75" 659.68" -—-

**%5221'T.D.

**No survey was taken at .total depth of- 5221' so the previous.-drift angle of

13°15' was used to extrapolate to total depth.-
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" COVE FORT - SULPHURDALE #31-33

LOGGING DATA (*)

- ~ _ ©© TOTAL
DATE . TYPE OF LOG ‘RUN LOGGED INTERVAL .. DEPTH

Schlumberger

7/18/78 Temperature Log (malfunctlon' 0' = 4858' - 4858°
S suspected) : oo C o
[two maximum reading thermo-
meters run simultaneously]

Dipmeter and Four Arm Caliper . 5207' - 1735'. ~ 5207' .
[three maximum reading thermo- .
meters run simultaneouslyl

7/19/78 - Dual Induction - Laterolog . - 5207' - 1735'. 5207
: "[three maximum readlng thermo- o :
meters run simultaneously]
Compensated Neutron - Formatlon 5206' - 1735" 5206"'
) Den51ty o
" [three maximum reading thermo—
meters. run simultaneously] .

Temperature Log . . 0! ~ 48581 - - 4858"

Geotex

"7/19/78 - Temperature, Spinner. and Water . 0' - 4858 | 4858"
o Aquifer Log :

Radioactive Tracer and Spinner . 0' - 4858" 4858"
Log | : .

R. F. Smith Corporation

5/24/78 . Geothermal Data Log (includes 52' - 5221" . 5221°
.~ . engineering data related to : L
to ) drilling, geologlcal, and- other
: data) :
7/24/78 - -

{(*) Copies of all these 1ogs will be - supplled w1th the’ Technlcal
i Report.-




* .COVE- FORT =~ SULPHURDALE #31-33

LOGGING DATA (*)

TOTAL

DATE © TYPE OF LOG ‘RUN 4 LOGGED INTERVAL . DEPTH .

Schlumberger

7/18/78 Temperature Log (malfunctlon‘ : 0' = 4858' - 4858"
S suspected) . : o - ,

[two maximum reading thermo—

meters run simultaneously]

' Dipmeter and Four Arm Caliper  5207' - 1735'  5207' .

[threeé maximum reading thermo-
meters run simultaneouslyl

“17/19/78 - Dual Induction - Laterolog . . 5207‘ - 1735' 5207

‘'[three maximum readlng thermo- -
‘meters run simultaneously]

Compensated Neutron - Formatlon' 5206' - 1735" 5206"'-

. Density-
[three maximum reading thermo—
meters. run 51multaneously]

_ Temperature Log - - 0' - 4858' - 4858'

Geotex-

'7/19/78 " Temperature, Spinner. and Water .- 0' - -4858" 4858"

Aquifer: Log

Radioactive Tracer and Spinner .. 0' - 4858 4858

Log .~

" R. F. Smith Corporation

'5/24/78 . Geothermal Data Log (includes 52' -~ 5221" .5221"

. .. engineering data related to
to * drilling, geological, and. other
- - .data) - - :
7/24/78 - '

(*) ‘Copies of all these logs will be supplled w1th the Technlcal
: Report.n'
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'COVE FORT - SULPHURDALE #31-33
. MAXTMUM READING THERMOMETER TEMPERATURE SURVEYS
TIME SINCE  +  THERMOMETER '
DATE FLUID INJECTION - . _READING _ -  DEPTH
6/28/78 12 hours | 210°F 2000
7/10/78 2 hours ‘ 294°F% 4700t
5 hours ' 294°Ft. 4700't .
10% 'hours - 293°Ft .7 4700
18 “hours o7 293°Ft - 4700'%
7/17/78 - . 19% hours . ' 249°F 5035

NOTE: Maximum reading thermometer temperature measurements
. run in conjpctlon with deviation surveys are listed-.
with the deviation surveys in the Well Hlstory section
of this report.

o




COVE FORT SULPHURDALE UNIT #31-33 .

CEMENTING OPERATIONS

Introduction

Two major kinds of cementlng operatlons were carrled out durrng
the drllllng of CFSU #31 33 : The flrst type of operatlon in-
volved attempts to seal off lost c1rculatlon zones to enable
casing to be. set and competently cementedr and the abandonment
of the well;i The second type of operatlon was the- cementlng of

~‘the 20" and 13—3/8" casing strlngs,

A total of 7440 ft3 of cement was mixed, pumped and set in 43

'separate plugs while attemptlng to plug lost c1rculat10n zones.,
These efforts occupled approx1mately"21 days ofprlgvtlme, and
accounted for*a total cost of.approximately $320,000.>_These

efforts are discussed below. °

.The'cementing of the 20" and 13-3/8"ACasing strings required "
an addltlonal 3594 . ft3 cement. These efforts=are_described»in

La separate sectlon below.

Lost Circulation Control Efforts. .

A significantuamount’of effort .was required$in-attempting‘to

plug lost c1rculatlon zones, prlor to runnlng the 13- 3/8" casing.

-These efforts were necessary in order to ensure that the l7 l/2""

'x 13 3/8"'annulus would contaln a column of cement w1thout 1oss



' CFSU‘#31-33/Cementing Operations .. .~~~ Pg2 -

to the?formation.‘ In the lower partlof the hole efforts were |

‘aimed at plugging it back to 2600" (abandonment of the~lower,

' sectlon) Table 1 presents a comprehen51ve descrlptlon of all
.cement‘operatlons‘carrled.outrwhlle attemptlng to control;lost” f

'.circulation in CFSU #31#33; Table 2 presentsfa summary and ,f

description of cement additives ased on CFSU #31-33. |

ACement-of APIrclassificatiOn;qulassEB"l'was»employed in;all:but
one%lnstance;'pfhis“Portland,cementpis'intended for usetfrom¥‘ |
surface to a'depth of'6000'Ewhen-condltionslrecuire moderate
to high'sulfatenresistance..-One-cement plug (#lB)jused Haliié.
"burton Thix—Sethement.‘ Thls cement forms a thlxotroplc slurryihﬁ
Wthh is de51gned to rapldly develop hlgh v1sc051ty and gel
-strength-when in a static state.- These propertles make the
cement partlcularly sulted for plugglng the hlghly fractured oraa
vugular zones encountered 1n CFSU #31 33 However, great care .
is. requlred in order to prevent cementlngxthe drlll plpe 1nto |

the hole.

Elght plugs of~a* patented water/polymer lost 01rculatlon com—‘
pound were also used w1th llmlted success whlle attemptlng to
control the lost c1rculatlon condltlon.' This compound Pal
-Merllp-R - is-a: spec1ally processed materla} Wthh

_remains a nonvlscous»slurry-for.about 45 minutes after mixing,~

and then sets into a tough plastic plug,i

. Table 3 summarizes cementing operations associated with running

.casing; The 30"‘casing was cemented in‘place usingnready_mixp



CFSU7#31433/Cementing Opérationsf:_  ’ ""7:‘ _ 5 9§:3-;7‘

éement‘poured’betweenvthe 30" casing and the hole wall‘prior

to the start of_drillingfopgrations.

The:20"“casing.wasﬁsuccessfuily céménted through drill pipe'
engaéed‘Withthe_zoﬁ dﬁélex casing f;6at,sho§,fo reduce th¢'“
'volgme of cemenﬁ requi;gd,”allowingkadditional cement to bé:
éddéé..\The l3-3/é“léa;in§-wés sdéééésfully Céﬁehted.in two
stages to reduce»fhe;hydrosfatié head or pressure on the
formation allowiﬁéﬂthewfirstrstagégtoipartially set and support
the-weigh£~df tﬁe'sécqnd'stage thereby reducing the chance of
fluid loss -to the formation. ;Whgle'ﬁaiting'oh-cemént after

the secondvstage;cementation,vthé cémeht 1evel‘iﬁ the 13‘3/8"‘3
"20" annulus feli 180'; This annulus wés filled with cement

using 1" pipe inserted into the void.



Page One

9 min and slowly returned at a low rate.

but small amount of CH4 emission continued.

, 600" +.

at 1236' while drilling out cement. Continued drilling to 1257'.

!

{7' while drilling firm cement.

hole.
hole.

hole.

it with. full returns.

it with full returns.

while drilling firm cement. Regained circulation after pumping. .
' Open hole to 1564'. T ' R

t

—




ro ' ' Page Two.

.to locate cement.

of cement only, with no loss = 1672'. Implies 57 ft3 water in hole below cement.
th 1291 ft3 mud. Theoretical volume.to fill hole from 1638' to surface = 2774 ft3.

lume to fill 4%" drill pipe from surface to 1638' = 131 ft3. Fluid level dropped
iter 10 minutes. ‘

jurface during last 20 ft3 of displacement watei. Capacity of 44" drill pipe from
I' = 126 ft3. Firm cement from 1515' to 1580'. Theoretical volume of firm cement
it cement from 1638' to 1675'. No fluid loss experienced. Theoretical volume of
2 ft3. )

i7* of 12%" hole.

m of cement plug = 4977°'.

4770' to 4790', 4805"tor4830f, 4900' to 4926'. Cement stringers 4830"t0x4900'. 
09'. No fluid returns to surface. o . o o

!
1
'
-
i
)
|
!
\
'
1
'



Page Three

t 5011'. Attempted to set Halliburton EZSV plug #1. Plug stuck, released, and

om oftcement = 5039°'.

EZSV plug #2 at 4750' following cement plug #35.

2 plug. N o : i

2 plug.

> plug. ' . o 4 b

1ZSV plug #3 at 2750°'.

ol out of EZSV plug #3 to 2740'. ' _ ' o
f EZSV plug #3 at 2750°.
L pipe = 219 ft3.  Drilled out cement from 2574' to 2745'. Theoretical volume

:d - 140 £t3. _ B
cement from 2552' to 2600'. ) _ o




. TABLE 2

- SUMMARY AND DESCRIPTION OF. CEMENT ADDITIVES USED ON EFSU 31-33

DESCRIPTION

FUNCTION OFVADDITIVE_f

ADDITIVE LIGHTEN | ACCELERATE CONTROL REMARKS -
SLURRY’ SETTING . Lost ‘ o
WEIGHT TIME ' CIRCULATION
Perlite (expanded) treated volcaﬁic X ' absorbs water under high
~ material ' pressure - :
Silica Flour finely powderedf' prevents‘los%“Of strength
‘ ' silicon dioxide at high temperatures:
Gel Wydming—pype X X . incféésesfsuspéﬁéion of
, bentonite particulate additives;
o maintains even distribution of
- other additives; .
A reduces slurry weight
CaCl, in powder or X : S :
2 flake form acgelefgtes early.strength‘
CFR=2 (*) a napthalene X a cement dispersant to-
. polymer reduce viscosity and a
friction loss' reducer
Gilsonite particulated X X inert - does.not absorb
‘naturally ' water; - . - .
occurring high cement strength;
" .asphaltite resists corrosion; granular
) lost circulation additive
F1°‘C¢1e‘(f) cel}glose.flakes' X lost circulation additive
Nut-Plug (*%*) walnut shells X granular lost circulation .
: ' ) additive
LCM any mixture of X mixture of gilsonite,
. lost circulation cellulose flakes, and’
materials walnut shells -
(*) Halliburton trademark (**) Magcobar trademark
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TABLE 3

SUMMARY OF CASING CEMENTING OPERATIONS

CFSU #31-33

S CASING HOLE  DEPTH OF  CASING FLOAT OTHER CASING o . S ’
DATE SIZE - SIZE  OPEN HOLE SHOE AT . ACCESSORIES _ - MATERIAL INJECTED COMPOSITION VOLUME  REMARKS

12/77 30" 36" . 32' G.L. 32' G.L. - -  cement slurry .ready mix 3% yda3 Bill Martin Rathole
o . : T S S . cement ' -Service: N :
5/30/78 20" 26" - 289' K.B. 280' K.B. . cement slurry - +class "B" 767£t3 . 80% excess volume-
. ~ ’ ’ : : - cement '
2% CaCl, by
N weight . , .
displacement sdrilling mud 12££3 injected through 4%"
fluid ' drill pipe stabbed )
' : into shoe. Good -

cement returns to
surface. Located
cement at 272°'.
Theoretical cement
location = 274.3'.

6/22/78 13-3/8" 17-1/2" 1735' K.B. ' 1733' K.B. . Insert float Flush #1 . ‘water " 100ft3 Begin First Cementing
; : : S . .collar at . = i . Stage
1697'. . : o :
Multiple~-stage

"DV" cement-
ing collar at
1115° . < i .
Flush $2 ‘water looft3
FR-20 flush- 70%# -
ing agent.
and Silica

Flour L
Flush #3 ) -water © 53f¢3
sodium sili=- 30ft3
' cate S

Flush #4 ' -water  200ft3
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"Summary of Casiné Cémenting Operations - CFSU #31-33

CASING FLOAT OTHER CASING ’
SHOE AT ACCESSORIES

DEPTH OF
 OPEN HOLE

CASING HOLE
SIZE  SIZE

" MATERIAL INJECTED COMPOSITION VOLUME.

Page de

REMARKS

cement slurry
followed: by
wiper plug

. displacement -
“fluid

Flush #1°

cement slurry

displacement
fluid

«class "B"
-cement, l:1
‘Perlite, 40%

- 8ilica Flour,

0.5% CFR-2
.drilling 1520£¢3
“mud o
-waﬁer 168ft3
.same as 1611ft3‘
first stage
-drilling 977£¢3

mud

795£¢3

70% excess volume

Did¥not bump top"
cement’ plug on in-
sert float collar.
Theoretical dis-
placement volume to

" bump-= 1473ft3.

Opened "DV" collar and
circulated cement .
through it. Received
392ft° cement slurry:

from above "DV" collar .

Theoretical excess
volume = 331ft3.
Circulated mud through

"DV" collar four hours -

without fluid léoss...

Begin Second

Cementing -
Stage ) - :

90% excess, followed by

"DV" closing and wiper

plug.

"DV"-collar closed.
Theoretical ‘displace-
ment volume = 968ft3.
Partial cement returns
to surface 50ft3.
Theoretical returns =
746£t3. 93% of excess
lost .to formation.: "

Cement. level in annulus

~fell 180' while wait-
ing on cement, K Filled
with cement using 1

Located top of cement
in casing at.1697'.

pipe.
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MAGCOBAR DIVISION, DRESSER INDUSTRIES, INC. 475 17TH STREET SUI_fE 1600 DENVER, COLORADO 8d292

MAGCOBAR MUD COST SUMMARY
jfof

UNION OIL OF CALIFORNIA
S CFSU 31-33
Section 31, 25 South - -6 West
Millard County, Utah

NUMBER OF UNITS - PRODUCT -DESCRIPTION " AMOUNT -
: 60.00. Magcobar. $ . 363.60
1,714.00 .. . - Magcogel = - 8,467.16
5.00 Kwik Thik -° 28.25 .
140.00 Magco Dustless 691.60 ° -
3.00 Spersene 85.17
. 64,00 Tannathin . 649.09"
141.00 Chip Seal - . 1,680.12
© 12.00 - Cottonseed -Hullsg 149.52
76.00 Mud Fiber - 1,067.04
9.00. Nut Plug Fine 120.87
8.00- Nut: Plug Medium C107.44-
5.00 . Aluminum Stearate 300.50
10.00° Magconol ' 607.90 -
15.00 Calcium Chloride ... 264.15.
546.00 Caustic Soda:- 12,110.28
15.00 Lime _ 90.90 |
449.00 Migcellaneous Products 26,827.75
55.00 ¢ Zinc Carbonate - 5,247.00
15.00 . Sodium Bicarbonate 763.41
- 51.00 0S 1° 1,512.15
2.00 SI-1000 _ 1,158.46
State Sales Tax 2,483.10
Sundry Rebill S 7,405.98
Utah County Tax - 470.18

'TOTAL MUD. COST

$72,436.74

(Above rgtyped:from Magcobar Mud:Cost: Summary issued 8/21/78)/




" LEGAL DSCRP:-_Sec. 31, 255-6W

- MAGCOBAR WELL SUMMARY

£ R

. paTE: 8/1/78°
‘CO.\ll;ANY":“" Union 011 of Californta ‘cox'ryx,{c’r-fo'-ii/';uc P Lofflanas .
WELL NAME: - CPSU 3133 - SPUD DATE: . s-24-78

COUNTY/STATE: Millard, Utah

MUD ENGINEER(S):

COMPLETION, DATE: _ 7-23-78

Ralph W. Bowie

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

" TOTAL DAYS: 60  TOTAL:COST: _

'~ -CASING/BIT INFORMATION -

7'1NiéR?AL;... ; a Hopﬁ“SIZE BIT SIZE CASINCVSIZE - BITS. USED
0 v o 280 1 28" 17-1/2/26" __ 20" e
280 v g 1735 0 17 1/2° 1712 13 38 4
1735+ to 5221 v’ 12 1/4" o 1/45‘¢ " OPEN HOLE - 7
' to ! | | |

" DRILLING FLUID INFORMATION

MUD 'UP AT: _SURFACE- . '

INTERVAL... - _ MUD TYPE MUD WEIGHT DAYS ~ COST  COST/FT
. o - (low-high} .

0 ''to . 280" "'~ SPUDMUD 8.7 -06.1 © _6 . _§.2,050.11 $ 7.32

280 + 4o - 2100° 1 FLOCCULATED 8.4 - 9.0 29 . 18,472.14 10.15

2000 v yo . 5225 - AERATED WATER" 27 7 51,914.47 16.63

'.SUMMARY‘OF COMMENTS/PROBLEMS

(indicate depth interval on left)

_ GEOLOGIC INFORMATION .

FORMATION DEPTH
See Interval Breakdown and Daily Drilling Andésiie Suffaée Debris - ‘ 265
iog for more information. - Competent Ahdesite 306

" Altered Andesite . 520 -
_Andesite with quartz
veins and sulfides 920
‘Red:Silt Stone and R
intermittent Grey Dolomite 1740
No feturnsA*

No "actual formation tops

5221

logged.
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©MAGUORAR

" OPERATOR:Unfon 01l of Callfornia

FINAL REPORT ..

LEGAL DSCRP:  Sec. 31, 255-6W

WELL NAME: CFSU 31-33 .

COUNTY, STATE:,  Millard, Utah

REMARKS. ...

~‘I'vn‘terya;1':'_' 0 ' to 280 v Mud Properties.... _

3 Footage'; ._;__2_550 Weight: 8.7-9.1 C17: 600
baY§:'“_  S 6 ViS:“ “ 45 . Solidse 2-6%
F't/D,a):":v 46,5 F/L’,:.: 15 0il: . o

_ Mud'COét: $ 2,050.00 - - pH: © 1.0 LeM: 0

Cost/Day: $ C7.32 ‘

MATERIALS. .- ; 3 |
| Product - ‘Units Qggi o  'Uﬁits/DgX: Cost/Day .
_Magcogel T 207 § 4.94 3 1/2 - $170.43
Caustic Soda f_,. ’ 8 22.18 » Tl 1/3- o | 29.57 .
Lime S '6.06° 1 | 6.06
\

" This interval was drilled with's' flocculated mud having sufficient viscosity

(45—55'sec/gf) to clean the hole. No problems were encountered during the drilling

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

surface casidg was- run_to 280' and cemented without any.trouble,

!
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Page_2 of 3 - .

MAGEOPAR FT1NAL REPOLT
Olv:.’ERATOR':'_UnAionlc.)‘il of Ca-lifornffa ~ WELL NAM:‘::_} CFSU. -31233' '
h LEGAL "dSCRP‘:' Seét. 31, 255-64 . COUNTY? STATE: Millard, Utah
| I_ntcr?dl: » 280 ' to _..1735 ° blud=~'Pr6écrties. . |
4-Foo'tage:A s o - Weight: 8.4 - 9.0_: »Cll': - .__900.
Days: - 29 - o E - _Vis::' . __32_:_@_ Solids: ' 4%
Ft/Day:.  5h.2 . F/L: 40 0il: 0
. ‘Mud Cost: $ 18, 726484 -~ pH:  10.5- 1.5 LCM: _ 0
n T Co'st‘/.D‘a-y: $ Aezl.s.els v ' A -
" MATERIALS. 'i . | o :
' Prodﬁct . Units . - Cost .‘ Units/Day . Cost/Day
Magcogel 1425 s 494 4914 o $ 242.74
é;uscic Soda - 85 © 22.18 2,93 . §5.01
Tanmathtn .. 59 - 10,49 . . 2.03 203
‘Lime - . 13 . 6.06 - . .45 2.72
Sodium Bicarbonate - - 26 23.77_ .9 ' 21.31
, S  Zinc Carborate . © 38 95.00 R 101.55
4 |  Mud Fiber ‘ : 31, ’ 14,04 1.07 - . 15.02
Chip Seal. =~ 20 ~ 11.32 6 . 7.8 .
SSI-1000 . 2. - 579.23 .03 19.97
1 Alyninum Stearate - 4 60.10. .14 8.29
Mageonol < . . 5 0 eo7s ¢ a7 ' 10.48
i _ . o

ooeT
i
¥
1
i
¥




" OPERATOR: Union Ot1 of Ealiforntia

LEGAL DSCRP:  Sec. 31, 255-6W

‘Interval: 1735 ' to 5221. 1
,Footdgc; . -3486

- Days: 27

Ft/Day: 129

" - Mud Cost: $51,914.47

" Cost/Day: § 1,922.75

" MATERIALS....

Product .’ Units

Sodium Nitrité~ R 531

WELL NAMii: . CFSU 31-33°

COUNTY, ' STATE: - Millard, Utah

Mud Propérties;r.,

"Weight:8.5 - 9.0  C1”: 700

Viss 30 - 36 Solids: 1 1/2 to 4% -

. ‘F/L: - N/C - 40 0il: 0

CpH: . 10.5 - 11.5 LCM: 0

Cost - - Units/Day . Cost/Day

$59.75 . © 19,67 . $.1,175.08

Caustic Soda - 424

22.18 ©15.70 - 348.31

05-1 . T

29.65 .. L7 50. 51

Calcium Chloride . 15

17.17 .- .56 C o 9.54

Magcogel ) . 45 -

4.94 167 8.23

Mud Fiber e - 65

14.06 - 2.61° 33.80

Chip Seal 20

132 .74 : 8.39

Nut Plug . o 5

13.43 0 a9 2.55

g-,.._.x;._v R

iy
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Union 011 of

_ Operator California - Lecotlon_Sec. 31, 258-6W . MAGCOBAR ‘ _ Hole . Ccslng " tnterval ,
Well _crsy 31-33 County _Millard -~ ~ . DIVISTON ey gy Spud Dote _5:25-78
Controcter Loffland 5 State Urah DRILLING MUD LOG 26 _inch - ‘inch - 280 ¢, Under Surface Dote _£-0-70
Engineer R.W. Bowie- _ Elevation : R ‘ R : T 172inch 70 I3 3/8Bineh - 1455 @, Finish Deve __7-21-73
) T P°9°__L°f__3_ 12 1 /binch : O__@‘_iﬁch ) _348h6 6, °  Totel Depth _ ’ f,
: inch inch fs. Mud Cost $
K = — : - ' ' . - © " MATERIALS : : I st {
B _ 4 SIS ‘ SIS VL S v /. f /V
DATE| DEPTH & « 7 € S S YOS/ N ; (.('/ e
. & s /3 > v > /O ’ 4 y . S <~ R REMARKS
5-25 sUrrabE ' , ‘ - 4 ‘ 2| 1 - i
5-26 | 123 [8.7 60i36 16| 8] 812 b.oj12] |1.0.2| .4500] O | Trp3h 14]10
s=27 | 182 | 9.4 63 401713 (13 1 husii2 1.9 .7] .7l00 1/2/5 | |10}3s
5-28 1 301 {8.9 65 391411 50 h1oj1s .6 .2| .3750]10q Tr| 4 17(20]
5-28 | 112 [ 9.1 69 43]17]17{11 |18 po5| ' ' Trp3k , Mif Ddy Chec] |
5-29| 218 ]9.1 88 63(23]26]12 |26 f105]10 .9 .4} .6900|1001/2[6 | {24[30] . | 2 1
5-301 294 | ruyntdG cAstc {20') Th 264" - | 17 |1
“s-31 | 280 | cagind set aT 280 | wreetep jup |B.0.p.|- W.0.¢. 1o SET ' B )
6-01| 300 B.5| 63 30| 4] 2| 2| 2.010]47 .2 .30 .4400{20q 1 pri2) Tl T - : , o 2307
6-021 320 B.7| 83 3711 8l 7013 l120{46] (1.4 .9]1.4700]15d3/4]3 135135] |.66159 1 3 R S ] 9B 2560 isharp eut
6-031 588 h.oj118 46l16[10] 6] 3 [105/36 .7, .3 .7akl10d1/2592] | 19p8p| [.69]78 s |- ' ] 2:9) 2660 ;-
Ce-04| 711 b.ol 83 43} 6l 3] 2| shuol1o]" | .7.35] .du7|10Q TrSy2 ve}31]  l.74hss 3 1313 R 305l 2965
“6-05| 899 B.9l129 35| of 6} 5| 9 fos|21| | .7.3] .qjeakrodi/2ky2| | 17)23] Jesprz] .4 | 2| 1] 78 3043
. 6-06 1089 B.91100Q 35| 7| 4F 2] 6[110/20 23| .415K{104.0 B2 1723 L7i{e7] | 22 303 217 3260
-6<07 1233 | w.o.c{; ‘LOST| CIRCUATION AND |ENCOUNTERED H2S. [AVQ 500 ppm) AT 1233', [9:5D pim..| 50 21 2 _ 5:@ 3784
6-08[1233 | W.0.c] - ko DRILLING ACTIVITY | ° i i R i : T o 3786
- 6-09| 1240 8.6] 89 34| 8| 1] 2| 3ftrofr6f (1.1 .6| .9400{{4q Tr2.4| . |[159579 opsip | , : S 0, 3786 |¥.0.C.
© 6-10 1253 | LoST A1l #wp{ 6|cENENT PLUGS|SET (UNABLE T0 TAG) | o 4 309 - 4095 |
'6-11] 1253 12T dexekT PLug (UNAHLE To Tac , IR 129 | 6] 269 4365
"6-12]-1253 | priLLED 83" CEH,NT,ALGST I\LL RETURNS Al 1253'] wlo.d. 1 sd¢. 1 3 3| . e 404 __4769
A6—'1'3‘ 1230 | cevmnt pLbc bie) 1w |pLace | ' , ' 54 5 : ' .} 558 5326
“6-141 1230 | CEHENT PLUG F16]Tadced ati1230') DRILLED qut Wity 33 viscostry|Mmup - | 55 2 1 ]2 ! 3 775 6102
. 6-15| 1230 R.s{78] 35| 7{ 4 2] 6 {2540} [1.21.1b.4{700[50| fi.z] 129 | 71[ 67 125 61 3 1. |3 T | 1328 7428
“6-161 1400 |e.5l1109 36| 6]12] 4| 6 |t15[41] ]2.9.850.0 (1K [ 40| TrlL4 1.7 [naipi3[ | 74 2 6] 13 2] T _ 777 - 8205




T ton 0410 I |
- Operater* California Locetion __ Sec. 31, 255-6W MAGCOBAR Hole " Casing' ! lEfervol
¢ _ . : i Si h :
Well |CFSU 31-33 County __ Millard L DIVISION Size e M Spud Date 5-25-78
Contractor 1offland 5 State Ytah ’ o DRILLING MUD LOG _26__Inch Lo _inch ) 280 #. Under Surface Date 6-2-78 °
Engineer R.W, Bowie .’ Elevation ) A L 17.1/2 inch - 13 3/Binch - - _1__"_5..5._."- - Finish D°'°__.7_-2_!ié__.
g y o y Poge 2 of _3 12 1/binch OPEN inch: - 3486 1, Total Depth__ 5221 i,
. : . __inch inch -~ : ft. Mud Cost § 72, 424.74. . 4L
MUD PROPERTIES " MATERIALS . 1 COST f
e /T« LGELs 4 e 7 4
_ IS s f C}/Q 0,.,04 S 4
DATE| DEPTH TS SRS o N & & IS 0€°0<\/ . ,%"'Qn & e
& '_,,." YL o & Ny ~ Ay 4,\)"\, ) ’b;\,:yo > \\.)b c)\*,\x°f S &
4 S Pl . _
6-17 | 1553 [3.5/80 31 {3 411L5] 36 3 AR 971 5177
6-18 | 14603.5/75/36 |8 6 |1200:97 2| 2 3 120 ] | 237d 11547]
6-19 | 1646 18.5]11032 |5 |7 | 411|115} 34 gl 1 2 11 139q 12938
6-30 | 1730| vrbsTlcirburhTion | nd Mup 11 226 1y 4 2| 8. : za8d 15426
-6-21 | 1730 ] " cEMENT PLUG| #2) add #22 - ' ' T |104 8] 31'3) |4 nm oL 1559 16981
-6-21 -] 1650{8.5/110 3214 |6 | 3| 21115 37] |2.31.10.4]600¢40| |14 - ' B . "o d 1e9ny !
6-22 | 1600{8.4101] 3916 |7 | 4] 6[120 34| j1.{1.30.6{700[s0] |ny4| , 47y | 2 3|
6-23 | -173508.5{ 85| 39/8 |5 | s| el1ra 37| {1.11.0n.3[700050|1/314 ' 6896 | 6 50 6 4 2
6-24 | 1735 »xieplep be p.olp.|(1d 3/8™ Pl ' ' . |
6-25 | 1735} DRILLED pUT| DV| TOQL AT 115 ’ =N , : . . » d 17660
6-26 | 177018.5015] 30/ 5 po| 4| 6(129 42| 5.5]2.12.5/650100{1 |14 ' 1 3s 1] 5] 1{8] 5" 1 ' 1241 18990
- 6-27 | 1935(8.4110| 30/ 5|4 | 4{12|105 41| - b.5{1.42.1|70040]1/2 .1 ' 54 Tl v Ta] 313 12031 201G3S¢
-6-28 | 2100 LPST|ALY FLUID AT|1530 HOURS; RIGGED JUPFOR AWERATED WATER 37 I o ' 418 20522,
6-29 | 2100] abrabep Wamr [~ | ' ' ' R ' 23] 20545]
 6-30 | 2462] AFRATED WATER : , T ' 12 : 279 | 20825,
- i
7-01 | 2755| AERATED WATER - ’ 23 I T [ 736 21550,
7-01 | 2920| = AERATED WATER R ‘ - ] 36 | e8] 223990, .
7-03 | 2920 AERATED WATER - ' - ] _ AR 1 270 | 22668, '
7-04 | 3276| AFRATED WATER ' | s R -~ |10 233 22901
7-05 | 3634] AERaTED NaTER | | : RN . : L e R 1 F el 23297
7-06 | 3725| AFRATED MATER' ’ ' 14 s . [ro6aT 24364
7-07 | 4085] AERATED WATER - o 4 ' 123 22 ' P 8229 . 32591
7-08 | 4540| AERATED MATER ' R o 126 60| b Lesoz 4193
7-09 | 4506 ERJ{EU IATER . _ : . 76 T30 , 1 T 5466, 47330,




T
Union 01l of : . o ) S ' -
Opetator _California Locotion_Sec. 31, 255-6W ‘ : MAGCOBAR. Hole Cosing - . lﬂfevvc;"
Well CFSU 31-33 . County Millard . .= ,;DIVISION-;” Sizelnch - Size e eng! n Spud Dote  5-25-78
Contractor Loffland § - State Utah ‘ . DRILLING MUD LOG _inch 20 __inch _280 . Under Surfoce Dete A-2-79
Enai R.W. Bowl - E'I K - . _ - ) 17 3/2 jueh 13 3/8inch - 1455__#. Finish Date =21=7z .
gineer _S.n. SOWIE evetien . , , Poge_3_of 3 12 1[knch  OPEN inch 3486w, Total Depth_ 522! .
i . : : . i . - inch " inch : fr. 7 Mud Cost S 72,536, 00. I
MUD PROPERTIES - MATERIALS | cesT |
GELS / N j o
. © v,\‘o‘# \6\ /& 0\.‘ f Q‘S D 4 .
DATE|.DEPTH AL .,*\(' S SO4 & O i Ry
‘ *\“\’q‘; s’c' 5 & \‘\\*}_,& S Q\\f‘ & S & 0 ,// Swias
7-10:} 4796 - AERATKD WATER N . , , , 8517 | 55877 |
7-10 | 4826 BIT PLUGGED |IN |SILJICA|CLAY AT 2p15 ‘ ' 2 ] f 748 | 56626 |
7-11 | 4800 WORKE] BIT THRQUGH| CLAY - | . 36 J4 |10 1 faers | se2u2i
7-12 | 5004 | | TRIPPAD QUT |OF HOLE; ¥.0.C.;| ATTEMPT TO SEAL [OFF| RUNNING ClAY < 110] 11 ' ' . Y 567 | 59809 |
7-13 [ 4900 | . | w.o.cl 10 syT - . N | e ‘ . . 15 | ] 220 | 60679 ! -
7-14 | 4900 | - | DRIILLED QUT |CEMENT|PLUCS WITH ND RETURNS 34 8l 1sl. |, | e | ]2ss2 | 62632
7-15 { 5017 | . | nd RETURYS, |FRESH WATER, [cadsTik sdpa,|.and osli : 1 10f 6{ 18] - ' : 1775 {. 64407
7-16-] 5040 | | coring, warsr, lavo| calstic dopal, 031 | | : _ | 16] 16 i ' ' 1227 { 65635
©7-17 | 5135 Nd RETURNS, [WATER AND!CAUSTIC Sppa!l | : ‘ 2R 8] 16| | L | 886 | 66521
7-18-21 | 5221 LOGGED WELL{ SET CEMENT RLUQ AT} 5271° ’ : A 25 | d10]101410 _ 657 | 67179
. 7-22{ 5221 | SET E2-SY PLUC WITH CEMENT AND LCM|AT 4700’ e : . ' 1. 55 (10| - 5 | §1240 | 68419
- 7-231 5221 SET E2-SY PLUG P HOLE AT AHPROXIMATELY 1000°| + )2 BBL CEMENT |. 20 e : - 1784 | 69203
c 1=24 0 5001 STARTED RIG |DOWN PROCEDURE . : ’ 305 | 69508
- 7-25| 5221 TOTAL [$1309{34 [FOR| RETURN THUCK[ING : : : ' . R e 70817

| |
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‘Sg;_ur.itg- e

= ‘H{y'draulics’_‘"f
-~ WorkSheet

Security, Division = Dresser Industries, Inc. » P.O. Box 6504+ Houston, Texas 77005 « (713) 784-6011
"4 ', . OPERATOR. Union 01l of Californigy;gacror__ Loffland RIGNO.___ 3 oaTe_ 6-27-78
! weLL Nave CESU ' ._No._.31-33 - county_Millard ~_staTe____Utah
| " WELL DATA: ‘ ) . ) T . . -
E t Hole size 12 'st fromsurfaceto' -1735 Drilt pipe size 4 1/2 Wi, 16' 60 t.i: type XH tength 1435
! ' . . .
’ s . Drilt collar length 300 ___O0DxID 8 .X 2.5 Mud wt, 8.55- Min. annular velocity (drill pipe) 77
... . PUMPDATA: ‘ - ’
" Make EMSCO Liner size 6 1/2 X 16 / _/ /
- . 1317 .
Model D-500 Press. Rating - // / 7/
- : SPM 56 Oper, Press. limit. '1200 ,// y I/‘
: 1. Maximum Operating Pressure. (Table 1} ... .. e P PP S ;lgpréi
ke ” Volumetric Dischargé (Table 1) . ... ... PO e e U e S __7_L6_(f._;_;gallsik
i R ) . ) o . . : 428 .
: 2.-Circulation Rate (Table 2A O 2B) .. . .. . i it i it it ettt e i e e gpm
i 3. Annular Velocity: (a) Drili pipe (Table 3A) . ... ... e FR e - 7 ft/min
’_ (b} Drill collars (Table3B) .. ........ PO . 164 ft/min
4. Surface Equipment Type (Tabled) ......... ..... T e 2
A ’
i . SYSTEM PRESSURE LOSSES:
- o R
[
‘ v
7. Drill Pipe Ar;nulus {Table 7): loss per 1000 ft. X length .. ........ . . 1 X 1735 . 1.7 psi
; : . . S 1000
. : ) ) - 2 125.6
. Drill Collar Bore (Table 8): loss per 100 ft. . X iength . ......... i . 33 X 37 = > psi
. . . . 100 )
: . e : 1 237 - 2.4
. Drifl Collar Annulus (Table 9): loss per 100 ft, X length. .. ... ... ..... - X L= psi
: e ST T 00 _ , »
. B Mud Wt. - 313.7 -~ 8.55 - 268.2
. System pressure loss (excluding nozzles): add lines.5 thru 9 X o - X = psi
. 10
4 _ L 10 931.8 o 1090
. Pressure available for nozzle selection: line 1 minus line 10 X U 10 - psi
. Mud Wt. ) . 8.55
i . - .
§ " JET NOZZLE SELECTION:
L
; 12. Jet Nozzlé Size (Table 10) .. ... .. O S I 14 3204
. - . . AR ! )
: L— 13. Pressure loss through jet nozzles (Table 10): pressure loss X Mu]dth.. I 8.37 X 8.55 = 715 psi
- . , : : R T 10 : :
14. Jet Velocity (Table 1) ............... AU P oL PN e __._39;’.__ ft/sec
15. Total pressure expgnditﬁre for system:-{add Ii.ne 10and line 13} .. ... ..... e e e __.__9_83_psi
’ 16. % HHp at bit: D22 13 % q00. ... ... PR el 715 X100 _ 3 .y
line.15 . ; K .

R T Ty

o S 715X 428 = 178.5
Actual H Powgr 712 ]

[

s v e g 2

.




" CORROSION REPORT -

CORROSION REPORT NO

OATE

6-21-78 -

Union. 01l of California

_F14510

FROM

MAGCOBAR DIVISION

FIELD CORROSION LAB: "

BOOBMK . 1020 Atherton Dr., Suite C-201

L (Loffland Rig 5)

.JCITY, STATE AND ZIP CODE

‘Salt. Lake City, Utah 84107

i €OPY TO

__Ralph Bowle .

SUBJECT WELL T NL{MB_-ER AREA
C.F.S.U. 31-33 Salt Lake
1PV IO COPY TO ] B
E Harold Moss Steve Pye Dee Thomas inm:Fox Tom Cox
COPY TO : : -

Art Vincent

Bernie Sansing

Dee Slaugh Bob Perkins

JTHIS WILL CONFIRM THE CONVERSATION CONCERNING - THE CORROSION RING(S) FROM THE SUBJECT WELL.

_pulled 6-7-78 .

i OUPON NUMBER.___ 19341 PULLED AT A DEPTH OF 1241 . 'FY. SHOWED A CORROSION RATE OF
| Approx l.4  _ LB/FTZ/YR. trace - CARBONATE _positive SULFIDE.
| COUPON NUMBER PULLED AT A DEPTH OF FT. SHOWED A CORROSION RATE OF
L : LB/FT2/YR. CARBONATE _ SULFIDE.
COUPON NUMBER "PULLED AT A DEPTH OF FT. SHOWED A CORROSION RATE OF .
Lo LB/FTINR._ CARBONATE SULFIDE.

The measured corrosion rate on this ring was 1. -7; however, at
“ast 20% of the weight loss.was: due to mechanlcal erosion by

1d solids, giving a true corrosion rate of about 1.4 1b/ft2/yr. Following are the conversion rates between the
various units for steel. coupons {specific grovity
H2S was:encountered two’ days before this ring was pulled, Zinc 7.86): :
~arbonate has been used to treat for H2S durlng drilling since. " mpy = 24.62 % 1b/ft2/yr
’1at time, mpy = 5.03 X kg/mZ/yr
J1b/812/yr = 0.04 X mpy
. tb/f12 fyr = 0.20 % kg/m2771
kg/m2/yr= 0.20 X mpy
S ko/m2/yr = 4.90 % 1b/012/ys
. L ) PLEASE CONTACT THE OPERATOR AND CONT'RACTOR, CONCERNING: THIS REPORT..
, SNED \/\w\m TITLE - AREA  PHONE NUMBER
[ : ‘ .. - oo CODE o
- ' , =l " ’'Sales Engineer ‘801 262-9954

l
i
i '
VISTRIBUTION:

- AREA ENGINEER
- FILE B
- ENG. MANAGER
-~ ENGINEER

- FIELOD
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— EXTRA COPY




V0 S 2 .

Cosrosion Lab

P.0. Box 1407
Houston, Texas 77001
Bldg. 1-A, Rm, 352

OILFIELD PRODUCTS DIVISION——DRESSER INDUSTRIES INC.

CORROSION RING REPORT.

DATE

TITE HOLE 0 YES O RO
F*=766-A .
;_ ZRATOR CONTRACTOR - RIG NO.
UNiod O1e oF  CALE. TorrLAlD S -
ADDRESS ADDFESS [sPup oaTE

{ - R\ &G

G

5-24 - 793

i, ORT FOR MR.

:  HARoLDd MosS

REPORT FOR MR.

SBeralhie SAN sn\&G\

SECTION, TOWNSHIP, RANGE v

22-25%- <ow

WELL NAME AND NO.

FIELD OR BLOCK NO

COUNTRY, PARISH, OR STATE OR PROVINCE

CcF S 3l-332 , N /a ML ALD WtAY
OPERATION CASING' MUD VOLUME (BBL) . CIRCULATION 'DATA.
PRESENT ACTIVITY N SURFACE | HOLE PITS PUMP SIZE x IN. | ANNULAR VEL. (FT:/MIN.}
. '( . . ZO IN.AT 260 .~FTA~ ' ) 51/2 /é " OPPOSITE DP.__EO
7N M B o S e
‘Dmu;. FIPE SZ'/Q_ | Y;EH ,"R.:ciino“ tfm 'Lj::n-: xNv. STORAG'E EBL/STIROKE STROKE/MIN. gg,zcsl;b;.:,::' oo
. ILL COLLAR SIZE LENGTH MUD BBL/MIN. BOTTOMS UP (MIN.)
A T e _cee s @Aﬂ-@— L o
SAMPLE FROM [] FLOWLINE * [ PIT .T:Eifmiiﬁ?fi ‘ CORROSION RING DATA '
-IWLINE TEMPERATURE °F COUPON | COUPON . .
" me Sample Taken 1100 || COUPON NUMBER: Iq 34’{ ‘ 4’ I/z FH £ = 207 .
Depth (ft.) ClINSTALL DATE . 5 -1 IR Tve (p. OO &
i eight B-ppg) [ Ub./cu. ft:) .6 | REMOVE DATE . € — 1-73 TiIME (000 5
mwd Grodient (psi/ft. HOURS {26 —[NO DAYS & . Yo ' '
Funne! Viscosity (sec./qt.) APl at_ °F ZA- | INSTALL DEPTH (1) 295D
i astic Viscosity cps at____ °F B . |[Remove DeEpTH (1) |24 |
Yield Point (Ib./100 sq. ft.) , , 1 LOCATION IN DRILL STRING-DEPTH
-1 Strength (Ib./100 sq. ft:) 10 sec: /10 min. / | 2/3 || KELLY suB: CHANGE OVER: L—"
it Q-Strip 0O Meter [ <5 | INHIBITOR ADDED: NOWE
Filtrate API (ml./30 mm) 16 TUBING STRIF[JG PRILL STRING PITTED -SCALE . RUSTED
© *_HP-HT Filtrate (ml/30 min.) wal - 0 0 O O O
1. ke Thickness 32nd in. API BTTP-HT ] 2 - |COUPON SIZE (circle oneli PN OF BOX EAILURE OTHER v
Alkalinity, Mud (Pm) ' R NEN ‘/2 5 5V2 INCHES| I?D R.Q2B0-
: kalinity, Filirate (Pf/Mf) / /3 jIF. EH " '
T R Chloride - 5o 400" | GRADE DRILL PIPE . | PLASTIC COATED O YES (1 NO
Calcium BFpm 0 Gyp (ppb). 40| ' CORROSION TEST REPORT )!é
{ nd Content (% by Vol 1. || couroN corRrOSION RATE pfeeox | '4'- Ib./ft.2/yr.
Sotids Content (% by Vol.) 2.4 T TYPE DEGREE
| 0l Content (% by Vol Fes [ co, [MECHANICAL " M|generaL O {Low
" 1" ater Content (% by Vol.) Q16| +- | +— |scAaLe T S |uicHT " [ImoperaTe O
Methylene Blue Capacity /il E}‘;‘t’,, bent.) EEJ @ B ' O |pirTiNG . [RATHER HiGH.[]
€-"fides [] ppm Phosphate 03 ppm . B . i{t-0CALIZED SEVERE . |}
é fite Residoal O ppm 06 - PEQK\QS
;lEMARKS—Gw_e operation depth ond nature of-any problems encountered MUD TREATMENT:
7] Oriing @ 1B22.92320 4 GEL , SAOSTIE  FANNATHIN
. ] Solt Water flow @ ] %7 '784— { é : T - )
0] Goskick @ ° 439207 _ 4n F12 - ~ ‘ ;
1] Stuck pipe.@ . 126 hne - ¥ AT LEAST 20 % -OF THE
. Tight hole @ ' / , WEIGHT LOSS whAS DUE —TO ERO<ioN
O Sloughing Shale @ C o | BY MUD goLi0S . THE ACTUAL
1 Lost Returns. @ - g cORROSION  RATE  WAS APPROX .,

]
e ‘RA\- PH_ @:ovu =

or LESS .

ADDR(SS

1.4 \b/€%/Nr.

THIS REPORT 1S SUBJECT TO THE TERMS AND CONDITIONS AS SET FORTH ON THE REVERSE SIDE




ala

BOX

70T

nTTn T TooEImonoorTr T L Sa O sl L ue T T T B0K. L MOV TN, T
. (] FIELD CORROSION LAB, . crrTy__
) COMPOSITE
'vL_ CORROSION RING REPORT
S i T e o o mmenote [ves [lno
OILFIELD PRODUCTS GROUP-DRESSER INDUSTRIES INC. S NUMBER :
PM-1017 . P . . R . Pﬂgc
OPEF?{-"TSTON OH__ Co. OF CA\_\F’O‘ZM\A ‘ :téCRVEV ‘ 66 T26 5. a 6 w SURFACE CASING SIZE ;20// OERTH ,Zgo/ -é.IT sle”
Y ers.0. 21-33 o me WiLoeaT ' ' nremeeE “ls"gs’ﬁ}:az'g' 135
CONTRACTOR i . COUNTY . . j B - ) .
] LOFELAND RROS., — RIGFS MILLARD
ENGINE-ER RALPH eowus - . STATE UTAH ‘ » .
sw | e 1978 |LE o _ w | ¢ [PLasTiccoaTED [Jves [Ino
ow I'=2d> |77 | £ |93 : 2 le 0% e
5% | arl$ k.| 8|29 ] ss0 | 2| & o I e & | TveE
o5 w W " et S — 3 ) ] k .
B E R I - T I S e e T < | a o S |8 ¢ 2|3 © MUD TREATMENT
' 220 | 6-1\ . . TR.COy (X-0O SUB) Gei
R i 2 s
) 7341 1241 | 6-7 |86i34ia]l (23| \Wes [ 16.0 &/9] 400 40 15" | 14 CALSTIC , TANMATHIN
479 1734 16-25 85130 |13 (3136 12,5 | 565.0 {1923 &50 £ 40 o 0.2 TR.cO3 (X-0 sua)
. 2019 [6-27 18631 (2132|292 {11.3 | 33.0 |83 700 |40 |- ) L :
168 2941 | 7-32 | AeriaTEDR | warer | .7 MECH]| DAMAGE ~ ACTUAY 2 |ag9 (¥-0) SCALES: €aCOy , \ROH
3728 | 71-5 107 RATE > 30 W/er2/vel 218 cremounTE , MAGNETITG
{3728 7-6. | PERIATED| WATER | |07 g _ c 1Y - (X-0) SCALE - SAME AS # 70D
176S e90 (7178 | Tua i5/9| 250 | <40 27 |80 r N
] " 3728 | 7-5 AERIATED | WATER | (0.7 N v 5 Tor ¥-0 2R SAME <cALES
19326026 [ 7-o ' 0.7 5A9] 250 | 240 272 |8AZ '
440 | 7-2 [AssiATeD | WATER | 1t Lwhal 5250 | <40 \ 1(x-0) \RoM chrRoONATE, |
470 42 | 7-\ ) - 1W.o 2 /2- ©.01 MAGNETITE , . Fes .
- 4625 | T-\\ 1.0 - “T(x-0)
V167 ey o 2% 149

(1

DATE SPUD: 5-L4’-76 DATE T:0.: T-1B- T3 B.H.T.
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L ' © . CCORROSION REPORT™ ... [SRE T [eemasson weeontne
. w9792 o : o -4 6-21-78 - _[:___14_510___
4o ) . - ) . e ) F.ROM ; : ;
Union 01l of California . - ) , 'MAGCOBAR DIVISION

i o S S I | =", FIELD CORROSION LAB:

EX0080K 1020 Atherton Dr., Suite C~201

14 . . - B CI‘I'V, STYATE AND Z1P CODE

i
117 (Loffland Rig 5) : T Salt Lake City, Utah 84107 '

_THIS WILL CONFIRM THE CONYERSATION CONCERNING THE CONROSION RING(S) FROM.THE SUBJECT W'ELL:.*}

SUBJECTY WELL ~ o N ] - B NUMBER - AREA

i, - C.F.S, U 31 33 4 v ' . v ] Salt Lake

I nIeY o _- I<ory 1o = »

I ‘Harold Moss - Steve Pye . i _Dee Thomas Jim Fox: Tom..Cox

A copv T0 . . . . | cCOoPY TO . . : -
f ) Bernie Sansing . Ralph Bowie ‘ . -Art Vincent Dee Slaugh Bob Perkins

i

|

pulled 6-7-78

i, OUPON NUMBER__19341. ' PULLED AT A DEPTH OF 1241 FT. SHOWED A CORROSION RATE OF
1 Approx 1.4____LB/FY?YR..___ trace _ CARBONATE_ ____ positive SULFIDE.
' . i S . . . . )

: i CoupoN NUMBER______________ PULLED AT A DEPTH OF . FT. SHOWED A CORROSION RATE OF
Ed . i . . : .

. x'i . .

R R : LB/FT2/YR. » - CARBONATE : SULFIDE.
; -
1 'COUPON NUMBER o _PULLED AT A DEPTH OF____ " __FT. SHOWED A CORROSION RATE OF
ool Lo LB/FT3/YR._ . : CARBONATE_: ~___SULFIDE.
: o

‘The measured corrosion rate on this ring was 1.7; however,. at

« . :Tz2ast 20% of the weight loss was due to mechanical 'erosion by - : R
Cor o tad solids, giving a true ‘corrosion rate of about 1.4 1b/ftl/yr. _ f:,',’:;”,’ﬁ.,ﬁ':;::’,f::r;Z'::n',a(:;se:.'f::;er:v'.[:;
H2S was encountered two days before this ring was pulled. Zine - [7.86)k
rarbonate has been used to treat for H2S durlng drllling since mpy = 24.62% Ib/B2/ys
. 1at time, : . mpy = 5.03% kg/m2/yr
o e o o L Ib/f12/ye = 0.04 % mpy
. ' L . ’ o |wsizsye= 0.20 % kg/msye
R P o ' o 7 lkgsm2 sy 0,20 % mpy
g : : : o . ke/m2/y= 490 x /02y

PLEASE CONTACT THE OPERATOR AND CONTRACTOR CONCERNING THIS REPORT

\/‘Q/\m COTITLE - ) - AREA. . PHONE r;umasn _‘
e ) ) COBE' ,
Sales Engineer .. 801 . T 262-9954

UISTRIBUTION:

B~ Y -~ AREA ENGINEER

N H 2 — FILE -

& . . 3 ~ ENG. MANAGER

4 - ENGINEER

118« FIELD s o :

El 6~ FILE . LT
7 - EXTRA COPY ~ . :

U SUPD R Ry U Y o
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E»_.g,sam

==

4-979.2

- CORROSION REPORT -

OATE . |CORROSION REPORT 'NO

A Fiaste

5

FROM

“MAGCOBAR DIVISION

Union 0il Co.

FIELD CORROSION LAB:

M)@\QX 1020 Atherton Dr., Suite C-201

(Loffland Rig 5)

CITV STATE AND ZIP CODE

Salt Lake City, Utah 84107

SUBJECT WELL NUMBER AREA
c.F.S. u. 31-33 . Salt Lake
v To ] - ) ; fcopy TO '
'Harold Mosé. Steve Pye e "Dee Thomas: Jim Fox Tom Cox
con TO cCoPY TO . : . C
-____Bennet Smith . Ralph Bowie. =~ . | Art Vincmet . Dee Slaugh. Bob Perkins

THIS WILL CONFIRM THE CONVERSATION CONCERNING THE CORROSION:RING(S) FROM THE SUBJECT WELL:

{ DUPON NUMBER__ 479

. couPoN NUMBER 708

L1 42.78 LB/FT/YR.

o

. 0.2 _LB/FTZ/YR.

pulled 6-27-78: ..

“PULLED AT A DEPTH OF. _2019.

FT. SHOWED A CORROSION RATE OF

trace . - _CARBONATE

PULLED AT A DEPTH OF___ 3728

negative _SULFIDE.

pulled 7-5-78
-~ _FT. SHOWED A CORROSION'RATE OF

negative . SULFIDE.

positive ______CARBONATE

COUPON NUMBER___ 1768

[

0
!
I
i

801 . . iB/FT2/YR.

.PULLED AT A DEPTH OF 4570

.FT. SHOWED A CORROSION RATE OF

negative SULFIDE. -

positive . . CARBONATE.

Ring #708 was run after switching to air drilling with water

injection.‘ Ammonia, caustic, and Unisteam were used-for corrosion -
~antrol during this dinterval. Some of the weight loss on ring

'08 was due to mechanical damage.
estimated to be something over 30 1b/ft2/yr.

The actual cOrrosion Talte WasS [Following are the conversion rates between the

various um's for x'eel coupans specilic grovity

During the run of 786

rlng_#1768 sodium nitrite and caustic were used forY corrosion ; mpy = 24.62 X 1b/F12/yr

mtrol. Both #708 and #1768 were scaled with calc1um carbonate,

" mpy = 5.03% kg/m2/ye

;-on carbonate, and Magnetlte.

- 1b/§12/ye = 0.04 x mpy
1b/f12 /yr =..0.20 x I(Q/mz/i'

kg/m2/ye = 0.20 X mpy
kg/m2/ys = 4.90 x 1b/f12/ys

PLEASE CONTACT THE OPERATOR AND- CONTRACTOR “CONCERNING THIS REPORT.

(ée\Of \

\C:\Z::>ﬂ : n

ARE A PHONE NUMBER
CODE -

.Sal‘eé-"_Epgineeff«f ; o 801 | . 262-9954

uuSTFiIBUTION:

© 1 - AREA ENGINEER .3 °

Lo 2 - FILE

= ENG. MANAGER
ENGINEER . .
FIELD
FILE

EXTRA COPY

ﬂﬂ;hhu.
e




{reet

. Garbpnate; and Magnetite,

Femmiae 'CORROSION REPORT sTTE EoRASTTREERT WG
|, w-970-2 o _F 14536

i

FROM .

MAGCOBAR DIVISION

Union 011 Co.

FIELD CORROSION LAB:

§§§§§§§ 1020 Athetton Dr., Suite c—201'

“(Loffland Rig 5)-

CITY, STATE AND.ZIP CODE

Salt Lake City, Utah 84107

SUBJECT WELL -

NUMBER AREA
. C.F,5.U. 31*33 Salt Lake
SEY T0 . COPY TO . L.
o Harold Moss Steve Pye Dee Thomas Jim Fox Tom Cox
COF‘Y TO coPY TO . ) - .
Bennet Smlth ‘Ralph Bowie Art Vincent Dee Slaugh. Bob Perkins

. THIS WILL CONFIRM THE CONVERSATION CONCERNING THE CORR

119326 .-

OSION RING(S) FROM THE SUBJECT WELL.

pulled 7-8-78

ey

- Rings #19326 ‘and #1767,were scaled‘dith Iron

i OUPON NUMBER_: PULLED AT A DEPTH OF_____ 4540 FT. SHOWED A CORROSION' RATE OF
o 8.42 LB/FT?/YR._ POSitiVE CARBONATE negatlve . SULFIDE.
'470 . o ’ pulled 7-11-78

- COUPON NUMBER _ PULLED AT A DEPTHOF_____ 4828 FT.SHOWED A CORROSION RATE OF
i 8.0 iB/FTYR positive CARBONATE positive SULFIDE.

|

S '1767‘. ’ ) pulled 7- 13—78 ST

¢oupon NUMBER_ PULLED AT A DEPTH OF -.5009 - _FT. SHOWED A CORROSION RATE OF

0 ‘ . g ‘

Lo 7.68 L8/ FTZ/YR. positive CARBONATE negative SULFIDE.

Carbqnétg,'Calcium

#470 had small amount

Fo”owing are the conversion rates between the |
various units for steel coupons (specific gravity

S‘ of FeS on its 7.86):

urface'— an indication of H2S in‘the'system. #4

- mpy T 24.62 % lb/hZ/yv
70 was also scaled

:

mpy = 5.03 % kg/m2/yr -
Ib/f12/ye = 0.04 x-mpy
with Iron:Carbonate -and Magnetite. 1ibs02/ye = 0.20 X kg/m2/ye
T kg/m2/ye-= 0.20'% mPYV-
| kg/m?/yr = 4.90 x 1b/fi2/yr

SE CONTACT THE OPERATOR ‘AND C

ONTRACTOR CONCERNING TH!S REPORT.

f z( \ \L{’ TITLE ] AREA  PHONE NU‘N;VEER
E) CM Sales Engineer 801" |* - 2629954 .

!A.

. wSTRlBUTlON

1\ - AREA ENGINEER °
{12 - FILE
! 13~ ENG.MANAGER
. 4 ~ ENGINEER |
i "8~ FIELD
€~
7 -

FILE .
EXTRA COPY
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- To:

‘Technical Memorandum

Union Oil Company of California

Union Research Center, Brea, California

Mr. G. w."ﬁ,e'ndricks o . - Memo: . E&PP 78-110M
Mr. D. L. Ash . :
From: A - - . Date: - o .
D. S. Pye—" ' o >  August 29, 1978
’ W. C. Allen ' , . : ' : T
Division: - . : ) _  Project: _ :
‘ . Exploration & Production Research Lo 638-18810
: 638-67226
Subject: CORROSTON CONTROL ON CFSU #31-33, . Supervisor: - R. F. Krueger

LABORATORY TESTS AND FIELD RESULTS

‘¢c: Library (2)

Patent

Carl Cron

M. M. Ellis

R. 0. Engebretsen
P. W. Fischer

'D. E. Pyle

During the'drilling of CFSU>#42—7, corrosion was recognized as a severe

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

inhibition were ‘attempted. Unfortunately, the problem did not respond
to any of the treatments, and the drill pipe was severely-damaged. o
During the time lapse between the completion of -CFSU #42-7 and the . -
drilling of CFSU #31-33, various methods of corrosion control were
studied in the laboratory, and the most practical 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 (NaNQO,) 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 effectiyely reduced the corrosion rate:
while drilling this well .from,43 lbs/ 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 ‘this oxygen corrosion problem forms pits which accelerate drill

Research Department . : o , '&y@)v R



E&PP 78-110M° . T 2

»pipe damage far beyond what would occur if the corrosion occurred

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

~ 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 corr031on
rates:and the drill:pipe loss. They are. listed below from the most
probable cause to the ‘least probable cause:

l)-g;Loss of pH in the return £fluid due to CO, stripping, formation
- water dllutlon, and reaction with drlll cuttings.

2) ReduCed inhibitor'effectiveness caused:by both.the»éohcentration_"
- and type' of dissolved solids in the .drilling fluid.

3) Inability to maintain the:desired pH and NaNOz*concentratione 100%
' of -the' time ‘due-to occasional system upsets.

Since 1 and 2 are not usually controllable 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 predlct ahead of time when or if
corrosion 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 p0381ble.~

CHEMICAL TREATMENT-FORVOXYGEN”CORROSION DURINGT
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

control program. consisted of maintaining a pH at the suction in excess of 11,
and injecting approximately 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
‘until the corrosion rates justified converting to the sodium 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 portlon of the .hole from 2019 to 3728 used the. Unisteam NHAOH
"caustic system. Corrosion was fairly well controlled -by this system :
from 2019 to 2920, but went completely out of control in the-interval

from 2941 to 3728. The sodium nitrite program.was instltuEed at 3728,

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

However, theicorrosion rages (8#/ft /yr) ‘were. stlll well above the

acceptable limit of 24/ £ /yr. .

* Besides our own‘calculations presented in this memorandum, a similar
opinion was reached by the drilling contractorl,
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| POSSIBLE REASONS WHY THE CORROSION RATE
DID NOT REACH ACCEPTABLE LEVELS :

‘There are two possxble reasons why the corr081on ‘rates were not reduced
'~to acceptable levels:

aﬁd/dr

1. Upset conditions which allowed the concentrations of NaNO2

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

2, - Diffefgncgsvbetween the_chemica17compqsition of the drill water in
CFSU.#31-33 and the test solutions used in the laboratory. 'The dif-
ferehces made the corrosion problem more severe in CFSU #31-33.

:TABLES 2 and 3 1list data from monltorlng and chemical analyses of the
drllllng fluld durlng drilling.

Although we did not have a continuous monitor of NaN02 concentratlon, '
estimates made from TABLE 2 would indicate .that the 'NaNO concentration .

‘at the suction line was below 1.5 1bs/bbl, 7% of the timé durlng 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 during bit run one and 6% of the time durlng bit
run 2. The return pH was below 10, 100% of the time, and the return NaNO2
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- chlorlde ion (C17) 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

' C1l™ concentration of 5500 ppm. This was coﬁsiderably higher than the
concentrations in CFSU #42-7 which reached ‘a maximum TDS “of 9,400 ppm

and Cl™ concentration-:of 2450. ppm. : :

Since the literature indicatesz’ that'an increase in‘Cli is one of the
primary problems in controlling oxygen corrosion, we increased. the NaNO2
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 énough, or that NaNO, will not be able to control the
corr081on in the presence of the dissolved salts encountered in the
drill water in CFSU #31-33.

One of the major problems in cdntrolling the corrosion was. the inability
to conLrol or maintaim 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, thé pH was always below that required for
adequate 1nh1b1t10n "Thére are a number. of probable causes for this. pH ¥
reduction.. - ' : . -

1) . dilution=with formation water

2) reaction with drill cuttings.
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3) reactlon with . gas (prlmarlly co ) produced from the well

" Based on the observed reductions in NaNO concentratlons, dllutlon w1th '

formation waters ‘would ‘not be adequate to explain the.pH reductions

N encountered but it is undoubtedly respon51ble for part of it. Reactionf;f
-with the 'drill cuttlngs is an unknown. ‘Reaction with CO, is a definite

possibility. since the produced CO.,’ ‘concentrations .were high, but both

- the CO effect and the reactlons 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 requ1red for inhibition at the surface, and was almost
"always high enough to achleve inhibition 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.
Consequently, we don't know how severe the corrosion problem .was on the
outside of the drill pipe, because our coupon measureméents were all made
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
coupon$, 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. '

DRILL PIPE'LOSS AND ECONOMICS. -

"At the end of this well, 33 j01nts of pipe were'downgraded due to pitting
'Acaused by corrosion (TABLE 4). We estimated that 120 joints would
probably have been lost if the NaNO, inhibitor procedure had not been
used. 'Since approximately $68,000 ;n.chemlcals_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. 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
‘probably not be JuStlfled

_ ESTIMATING DRILL PIPE LOSS FROM COUPON RESULTS AND
A COMPARISON TO,ACTUAL,DRILL,PIPE DAMAGE.ENCOUNTERED

TABLE - 5 -shows the number of joints that: would experience .a given thlckness .
reduction, ‘both for the present well CFSU #31-33 and the last well

. CFSU #42-7.
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TABLE "4 shows the amounts of drill pipe that were downgraded for each well

_Comparlng TABLE 4 and TABLE 5, drill pipe 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 transition
‘between premium and grade II is spec1f1ed as . approximately a 70 mil

-loss from nominal thickness, the transition between grade II and grade III_'

~occurs with approximately a 120. mil loss from nominal thickness and the
transition from grade III to Junk occurs with approximately -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 mnot accurately reflect the corrosion rate on the _
‘exterior of the pipe. "What has actually occurred is probably a combination
" of both explanations, but oxygen corrosion 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 lO

to 15 mlls average metal loss .occurred..

One final uncertalnty -should be noted from TABLE I. . The ‘corrosion rates -
based on air time decreased significantly when NaNOj was introduced, but :
climbed when the air time/total time was reduced. This indicates there
are other factors ‘contributing to corrosion! be51des 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 o

THE' CORROSION PROBLEM INCREASES IN SEVERITY - WHEN
AERATED WATER ‘IS USED AS THE DRILLING FLUID ’

Oxygen corrosion 1s a problem in almostrall drllllng operations. Normally
the oxygen is present in only small quantities 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 fluid by

- - either chemical or mechanlcal means, .

When well conditions dictate that.air be injected with the drilling

fluid, then oxygen is present in solution in large quantities due to"the
increased ' solubilities of oxygen at the :elevated pressures-that exist:
dovmhole. 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- ‘OXy gen from reaching:
or reacting with the surface of the pipe; but does not-remove the oxygen
from the drilling flu1d

- CORROSION CONTROL'OPTIONS THAT WERE CONSIDERED,
. AND IHE‘LABORATORY TESTING OF PROMISING SOLUTIQNS

Numerous methods of controlllng corrosion were considered Candidates .
were reJected based on:

\

'-l) Cost - when the cost. exceeded the replacement cost of .the drill
- pipe, ‘the method was’ considered uneconomic.;
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2) - Avallablllty - 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 compos1t10n ‘of the water, etc.) were expected to vary
‘w1de1y, ‘the method should not be overly’ sen51t1ve to.these changes

4Non—0xygen Contalnlng Gases

IOne certaln way of preventing oxygen corrosion is to use a non-oxygen con-
taining gas to replace air as the gas phase in the drilling system. Three
candidates were con51dered natural gas, nitrogen, and combustion gas.

Natural'gas was discarded because:

1. It.istnot reedilyaaveilebless

2.‘ It represents a'potential-personnel.hazard.

'h's. It is costly. |

Nitrogen was;discarded beoause:

1. Its cost would exceed the value of the'drill pipe;

2. It was marginal whether an adequate continuous supply of the required
volume could. be maintalned :

'This,left;cbmbustion gas.;;Combustidn_gas is readily available 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, fesidual hydro--
carbons and unreacted oxygen. Therefore, it requires 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 drilllng 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 withln '
the allowable time. frame. .

'Consequently, we were again forced to rely -on chemical- 1nh1b1tlon for .
corrosion control : : . .
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Chemical- Corrosion 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 gf .o
magnitude above the concentrations, the liteérature 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 waters 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 concentrations found in the literature are"
still well below those we found required in our test work.

Consequently, we can conclude that none of the chemical inhibitors will:

pass our fourth criteria;~vwide'range_tolerance,'because they are sensitive .

to drilling water composition which we know will fluctuate from past:.experience.
However, since use of chemical inhibitors is the only viable method at this
time, we designed the concentrations to provide inhibition under the worst
conditions encountered in CFSU #42-7. Unfortunately,'thls turned out to

cause problems, because the conditions in CFSU #31- 33 were more severe than

the worst conditions in CFSU #42 7.

Sodium nitrite was- selected as the inhibitot for the field test, based on
the data in TABLE 6.  This conclusion is also SUpported_bywdata that Dresser
Industries obtained for us in their test system which is entirely different4.

Cf the other candidates:n_

1) . Amines were ellmlnated because they were not effectlve at pract1ca1
~ concentration levels.

2) Chromates were ellmlnated because they create env1ronmental 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. - X '

' 4)  Silicates wete eliminated because:

a) - they resulted in ao increase in -the corr051on when an under—treated
' condition exlsted : :

b) very'high concentrations were reqnired'
c) - they are dlfficult to handle

d) ‘Athey may cause unknown prec1pitat10n problems.
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LABORATORY TESTS ON'SODIUM NITRITE'(NaNOj)

Once NaNO, was ' selected as candidate 1nh1b1tor, more exten51ve tests _
‘were conducted to define the important parameters which control ‘its effec-
 tiveness. Unfortunately, there was insufficient time to do all.the desired
- test work prlor to drllllng CFsSU #31 33. Thenimportant parameters are:

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

'2) - . The. concentratlon of the NO2 -ion.

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:
concentration of 1.5 #/bbl NaN02 and a pH of 10. 0 ' :

However, due to the shape of the corrosion rate versus concentratlon curves,
an adequate ‘margin of - safety must be incorporated.. The data show- that the
corrosion is either controlled, or proceeding 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 1bs/bbl NaN02
':and 11.5 pH.

.More testing is needed.and should be done before nitrite is used as an in-
hibitor again.. The concentrations. of. the dissolved sollds,_N02 , and OH are
all interrelated. We should develop a ternary diagram defining the concéntra-.
tions of OH  and NO, which result in effective inhibition .in drilling fluids
with various ‘dissolved solids contents. We currently only have sufficient
data to define one "point on this curve. - - ' ’ '
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* TABLE 1 ,
CORROSION COUPON TEST RESULTS

“ Corrosion .

- ] Timé‘Spént Dﬁi]ling ' RzﬁeA?iﬁgd
S o . - Original -Final - Corrosion . (including ' Injection
Coupon In . Qut Depth  Depth Weight  Weight, Total Rate, 1b/ AR _connections) . - »
Numbe: Date Time Date Time _ in - out grams grams, Hours sq.ft./yr "~ Remarks with air without air Trip Other Time .
19351  6/28 2200 I7A 2000 2019 2920 138.3556 .136.8368 70 4.49 CaC04, FeCO,y 62.0 - 6 2 4.8
. S o » ‘magnitite . ’ '
o C _ o _ ' . - “light pitting :
©708  7/3 1030 7/5 1620 2941 3728 135.8783 123.9178 54.8 42.78 ~ Mechanical damage 45,5 - 0 9.3 0 51.5
LT - : T : : o R K - Same scale _ : e
' 1768 7/5 1630 /8 0800 3728 4540 133.2101 130.6132 ° 63.5 8.02 Same scale 48 -0 16 0 10.6
19326 7/5 1930 7/8 0800 3728 4540 137.6394 135.1797 60.5.  8.42 Same scale . 48 0 12.5 0 10.6
470- 7/8 1300 '7/11_ 0200 4540 - 4828 135.6897 133.1959 61 8.01 FeS, other scale . ’ '
: o o L o : . the same ' 25 3/4 "0 21 81/4 19.0
1767  7/11 - 0200 7/13 1600 4828 5009 133.6703 131.3051 62 7.48 Same_scale » 5 ] 22 26 -92.7
7/14 1000 5009 - 5221 .92 ~1.16 CaC0,--no air in- =~ 0 30.5 31.5 =

mn

1400

718

134.2887

-133.7432

jection during thi; )

time, drill pipe
pulled in casing
during “other".

30
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- TABLE .2 .ﬁ
. : . L s I
.. "CHEMICAL MONITORING OF THE DRILLING FLUID ]
" NaNOp : . - Q v '
Concentration, - o ~ Concentration, S : . S
‘ * _pounds/barrel- ) pH ppm o . B P08
Date Time Depth Suction Returns Suction - Returns .Suction Returns Remarks . S : '
75 2100 .. 3.6 2 - ‘ o b
2220 . - 3.8 Co : : ‘ ) : !
2230 : 11.8 i
2300 . - 2.04 . 11.1 ;
.2330 -2.82 - 1,08 - 1.2. 7.8 8
- 2400 . 1.74 1.26 10.7. 7.9. :
~7/6. 0030 _ 1.80 1.68 1.4  7.8° -
0100, . . 2.28 o - i 11.4°
0130 . 2.58 1.02 11.5 8.3
0200 1 2.82 . 11.4
0230 1.92 1.02 1.1 7.9
0300 - 2.52 : 113 .
0400 . . 3.00- 1.6
0430 ~ ... . 2.04 . : 7.8 .
0500 - - 3.54 ) 11,7 No returns.
" 0600 2.10 . 11.8 . o ) —_—
0700 . 1.7 . 10.5 Tripping jet sub.
1200 1,38 - 1,56 0 11.4 7.4 Intermittent returns. . -
- 1300- “3.24 . , 11.0
1400 .78 7 121 :
1500 . 1.98. . - 11.8 _ . 1000 - ’
1550° 1,92 ) 8.1 . . . 2500 -
1600 - . 3.6 - 1.7 o 600 : y
1700 0.6 11.7 i
1800 - - 2.91 “11.5- . : ' !
1815 - - . .- Started injecting:
S : E - ~ ammonia R
1900 s BN B DY : : ! o
1915 : .1.38 8.1 1750 ‘ ok :
1940 0.96 7.6 2600 - e . Pyl .
1950 1.20 . 7.7 ) 3000 S o : i .
2005 1.0 7.8 = 3300 - » .. o ;
2015 216 - 1.056 . -11.0 . 7.9 2000 . 3500 . G i
2100 -1.80 0.75 . 10.0 7.4- 2700 . 3800 - - ) ' o i
2130 . 2.4 21.26 0 . 11.2 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 H
7/7 0100 4096 . 2.43. 1.8 . - 11.2 8.3° 3300 3800 - Two compressors on oo i
© 0200 4107.. 3.00 .. - 2.40 ‘11.5 10.4 - 3400 3500 at 0145.° ) k“ ;
0300 4125 2.85 - 1.65 . 10.6  8.6. 3500 - 4000 . : ) s H
0400 4136..2.70. - 11.0 .0 .3900- . . = 7). One compr. at 0400. ;
. 0430 4148 1.3 0 -, 8.2 .. 4400 L o : :
. 0500 4158 -2.85 - 1.05 © 114 .. 8.5 - 3800 - 46007~ -Two compressars '
0600 4172 2.46 .- ~'2:25 .  11.6 ..~ 9.6 - 3600. - -4100- -7~ at 0530. ) ) b
0700 4196 2.58  1.65 ° - 11:5° - 8.8 . 3900 - 4200 oo
0800--4215" . 3.00 - ~ 1.59 - 10.5. 8.8 3900 . 4400 . ‘ . oo : }
- 0900 4237.. 3.45 2.0 1.0 - 8.8. - 4150 4450 C ' : Co i
1000 4255 - 3.78 - °1.80 . 10.8 . 8.6 4200 - 4800 i
1100 4269  2.10 - 1.26 10.8 . 8.3 4500 - - 5250. : co :
. 1200 4293 2.61 1.5  10.7. 8.9 4500 5600 - ' o a P
1300 4309 2.00 . 1.80 10.3° 8.6 5000 4350 v L »
1400 4325 © 3.30 - 1:35 ° 11.0 8.6 - 4500 5500 @ . » ' ol
1500 .4340 3,51  1.95 -“1%1.3 8.7 4340 .. 4750 . o E .
1600:°4350 -3.33 - 1.44 - 11.6 9.0, - 4450 4750 - .
1700 '4382°-3.45 . 1.50 . 10.8 - 9.0 5200 . 5300 N cie g
1800 4397 2.88" 1.80 . 10.4 8.5 - 5000 5200 . L ' : . 1
1900 4422 2.94 . 1.5 . 11.1 . 8.9 ©.4900 5100 . . S .
2000 4436 3.00 -~ " 1.68 -  11.2 9.0 ~ - 5000 5100 - N o : : f -
2100 4460 ~ 2.58 ©  1.50. 1.8 8.5 . 5400 5300 - » . ’ : .
2200 4481 . 2.64 . 1.5 ' 11.5 8.7 5300 5200 e
2300 4491 2.25 | 1.20 12.4 8.6 5300 5100 !
2400 4510 ~3.45- 1.20 - 10.4 8.3 5000 5200 %
’ ' o ' RO DRSS x



TABLE 2

* (Continued) -
NaNO,- [ 4 I B
Concentration, - - ) .~ Concentration
’ » pounds/barrel . - pH - - ~_ppm . .
" - Date Time. Depth..-Suction Returns Suction Returns . Suction Returns ._Remarks

7/8- 0100 4531 3.30 - 1.26- - 11.7 8.5, 5100 5300 _ S
0200 4544 3.24 -1.35 . 11.5 8.6 5150 ~ -5200 . ~Trip--33 stands
I S ' S " looked all right, no
_-magnitite. o
- 32 stands -and the
© drill collars looked -
bad with magnitite

o C g A C © growth.
1730 - . 3.63. . . . 1.4 . 4700 ‘ :
1800 g 3.69 11.6 4600
1900 -~ - 3.9 ‘1.05 . 711.2 - - 8.3 - 5000 5100 _ I :
2000 .- ° 3.69 . 1.20 11.4 ‘8.4 “4900° 5300 Pipe stuck.about 30
o S . ' _ ' . minutes. . :
2100 4544 -°3.45  1.59 11.2° - 8.3 4800 = .5150 . '
2200 S 2.9 . 11.4 - 4950 :
2300 . -~ 3.69 - - 10.8 , 5050 - - _
2400 4580 --3.57 1.74 "~ 11.2 : 8.9 5200 © ° 5300
7/9 ~ 0100. 4600 3.69 © 1.92 = 11.5 9.1 5100 5300
) 0200 4610 3.60  2.10 - 11.6 9.4 5000 - 5200 .
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 - - 1.7 8.6 4750 5000
1600 4720 - 4.08 3.3 ~11.5 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
: ) . : : C L ~and make connection. -
" 2200 4796 4.20 -2.10. 11.8° 8.5 4400 4500 o :
2300 4796 . 4.08 . . 2.25 . 11.8 8.0 4500 . - 4600
2400 4796 4,08 2 8 8.1

0 T 4700 4600
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TABLE 3

CHEMICAL ANALYSIS* OF RETURN FLUIDS FROM
' CFSU WELL #31-33-

'Data are in m1]11grams/11ter unless otherw1se noted

bate . June'30 Julyl July5 Jduly?

Zn - ' 0.084  0.231 0.051.  0.41

0.104

- July 20
Depth,. feet © 2455 2825 3720 - 4170 . 3000
Turbidity, NTU 150 260 200 - 390 .80
Conduct1v1ty, umhos/cm - 11,700 11,780 12,300 15,380 2035
pH- . v . 8.77 '7.38 7.94 - 9,79 7.44
s 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
Ba - 0.07 - 0.29 0.6 0.47 0.15
B ' 0.15 = 0.30 .. 0.25 - 0.50 0.20 ,
Cd . o ‘ 0.004 ~ 0.006 . 0.007 0.045 0.040 - .
- Ca. - ‘ 5.60 . 200 .62.4 - 14.4 “74.4
oy - 64.8 . <0.01 = <0.01 "~ 540 <0.01
Cl ' S 3440 - - 3550 . 23410 - 3900 502 .
Cr S - . <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
Li : ' - 12.05 12.46 - 11.62 13.31 1.164
_Hardness as CaCO3 . 24.0 560 188 . 20.0 . 266
Fe . _ - 3.20 - - 8.78 11.1 10,6 - 2.15%4
Pb : 0.335 °~  0.350 . 0.345 0.420 0.006
Mg- = 2.40 -~ - 14.40 - 7.68 3.36 S 19.2 .
Mn _ o 0.249 '2.084 0.328  0.016 . 0.043
Hg - = - -~ . <0.0002 . -0.0002 <0.0002 0.0007 <0:0062
Nits 0.685 - 0.680  -0.688 0.975 <0001
. N02 . : . 0.04 0.03 . 0.02. <0.01 0.45
_ NO3 ' - <0.01"- - <0.01. <0.01 - <0.01 <0.01
423 452 465 - 443 56.2 .
Se - » . <0.001 = <D.001 - <0.001 0.007 <0.001
Si . 77.5 25.5 64 © 79
Ag - . 0.026 0.032 0.030 .- -0.037 <0.001
504 : 272 720 1000 760 187
- Na : . 2530 . 2475 2916 4000 . 355

* Ana]ys1s was made by Ford Laborator1es,
Salt Lake- C1ty, Utah.:




TABLE 4

DRILL PIPE LOSS

~ CFSU Well 31-33

- 238 joints .were inspected

Ending Grade

Joints downgraded Starting Grade’
17 - Premium
. Premium
1 o ' Premium"
B S
1 L2

33 Total
CFSU Well 42-7

218 ‘joints of premium pipe were 3hspécted

o w oW

Joints downgraded Starting Grade

82 - o Premium
28 : ~Premium -
7 " Premium

i 117 Total

Ending Grade

[T TP Doty



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

33 0 o3 0.
7 0.3 4 .
8 1.6 4 2.9
18 3.0 n 3.9
2T 4.5 19 5.3
29, 11.2 21 7.4
12.1 15b, 8.4
: 14 : 9.4

21 10.2 -

22 _ o 12.1°

)2 - oo 13.6 .

on _ 14.8 .

13 : _ -15.7.
21 -16.8

a 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 drill 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]]ing‘was-initiated,_and that corrosion only occurred on the exterior
of the -pipe (the interior was plastic coated). If the jnternal coatings
failed and there was corrosion on both surfaces, the average thickness'
lost would be twice that in the table.

b Th1s i's. the approximate point where the number of joints that were: down-

graded (TABLE 4) would fall, between:11 and 12 mils on CFSU We11 31-33
and 8 and 9 mils on CFSU Well 42-7. .

1
T



-TABLE 6

CHEMICAL CORROSION INHIBITOR TESTS
IN THE LABORATORY .

Concentrations Used Corrosion Rate pH

et b bt

- Compounds Used'v_ pounds/barrel 1b/sq.ft/yr Initial_.Fina1
Blank ' S o19.2. 9.8° 9.8
: o v 20.8 o :
Unistean X, 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
NaCr0y 0.7 - 7.4 9.7 = . 8.7
' 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 des1red
~initial pH.
NaySO5 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
NaN0, . 0.35 22.1 10.5  10.9
1.1 4.6 10.5 9.9
B E 11.5 10.5 - 10.6
NaNO,, 1.75 31.9 8.0 124
. different pH 1.75 .- 24.6 8.5 11.0
o 1.75 -10.9 9.0 10.1
1.75 10.0- 9.5 10.3
1.75 0.4 10.0 2 9.7
1.75 0.4 10.5 9.8
, 175 0.6 11.5 10.8
NaNOZ, NH4OH- 1.75, 3.5 ° 0.3. 10.5 10.1
NaNOZ;'NaZSO 1.75, 0.35 0.3 10.5 9.2
NaNO,, Na SO , organic , o ' '
phosphona e . -1.75, 0.35,:1.2 0.3 10.5 9.1
- NaN0,, Na 503, organic- - ' v :
phiosphonate, 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 1.0

* 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
! ‘Coupons of J-55 were placed in the solutions in-
side TeflonR bottles, and the coupons were used to determine the corrosion:

‘plus. the added. compounds.

rates. -




FIGURE 1 :
CORROSION RATE VERSUS NaNo,, 'CONCENTRATION ‘AND pH ‘
. . @ versus NaNO2 concentration-
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LABORATORY, INC.

>  Bacteriological and Chemical Analysis -

40 WEST LOUISE AVENUE
SALT LAKE CITY, UTAH 84115

Don As'h'.:‘ :

PHONE 485-5761-

Name Union-0i1 Co.. .of California
Address _P-0. Box 6854

“Santa Rosa, Ca. 95401 -

~

.

Date:. | August 10, 1978

" CERTIFICATE OF ANALYSIS

78-1803-1

Analysis- started on:

CFSU 31-33, 6-30-78, 2455 ft., received 7-11-78

Arsenic as As

888.16

Calcium as Ca '
Carbonafe as COn
Chloride as Cl

Chromium as Cr (Total)

3,440

Chromium as Cr (Hex) <0.001

Copper as Cu

Surfactants MBAS
Fluoride as F

. Lithium as Li

3.10:

©150.0

0.970

5.60 .
64.8

<0.001

0.065 - -
e
. <0.05

12.05 . -

Turbidity - NTU
- Conductivity wumhos/cm
' pH : : LUnits
Total Dissolved Solids 7,600 ‘
at 180°C. . ; . : mg/1
‘ Alkalinity as CaCO. 836.0 mg/1 - -

-mg/1

Bicarbonéfe as HCO. - __*_%_mg/l Co
Barium. as Ba 0.07 - mg/1..
Boronas B - 0_"15 mg/1 ’
Cadmivm as Cd - 0.004 'mg/i o

_mg/1
mg/'l
mg/1
mg/1"
mé/l _
mg/1- .

. mg/'l; :
mg/1:
mg/1

ng our written opprovol 03 a mytuol protection 1o clients, the public ond ourselves.

" Total Hardness as CaCO. .

Iron as Fe (Total)

lron-as Fe (Filtered)

' LeadAas Pb
Magnesium cs Mg

‘_ Mangaﬁése as.Mn

" Mercury as Hg
Nickel as Ni
Nitrate as NO.:N .
Nifrﬁe as' NO:.-N
Potussh’Jmlos K

. Selenium as Se

' Silica as Si0.
Silver.as Ag
Sulfate as SO, -

Sodium as Na

. Zincas Zn’

24.0

—mg,/1

3.200

mg,/1

0,341~_;__mg/1

©0.345

mg/1
ng/l

0.249- °  ngn
€0,0002__mg/1"
0.685 g/
0.04 = o
40.01. - mg/1.
423, 0———mg/1
€0.001  on
17.50 . g/l
0.026 . g/,
272.0 g/
2,530 mg/1
0.084 on

d

~ Ford Chemical Laboratory, Inc. :

' Qoom are submitted as the confidential property of clients, Authorization for publicotion of our reports, conclusicns, or, extrocts
i . .

. . i
from or regording them, is vcserwjip)rw-
. : s

b kg
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LABORATORY, INC.
Bacteriological and Chemical Analysis
40 WEST LOUISE' AVENUE '
SALT LAKE CITY, UTAH 84115 _
" PHONE 4855761 -

il (Fonsil —

Union 0i1 Co. of California.

Name

’ Addrég; P-O. Box 6854 o

Date: -_August 10, 1978

: ‘ : : CERTIFIéATE .OF ANALYSIS
Santa Rosa, Ca. 95401 R : - 78-1803-2

CFSU 31-33, 7-1-78, 2825 ft,, received 7-11-78

‘Analysis started on: .

Turbidity . 260,07 \puoo Total Hardness as CaCO;
Conductivity. , : _11_’_-7_«2‘%_9_*umhos/cm fron as Fe (‘T;JfCII) .
pH . -LUniis - Iron-as Fe (Filtered)
Total Dissolved Solids ' : ’ ' :

at 180°C. T LﬁL;_mg/l , Lead as Pb
Alkalinity as CaCO, - | 394.0  mg/t e Mogne;iuﬁ as Mg
“Arsenic as'As - 0.379 mgNn Mungaﬁesel asMn .
Bicarbonate as HCO.. - _ll_%g;s;S_mg/l - . Mercury cs"_Hg-
Barium s Ba - 029 - g NickelasNi ¢
Boron as B : ‘ | ng /1 Nitrate as NO.:-N
Cadmium as Cd - wL_mg/l | Nitrite as.NOz-N'.
Calcium as Ca - : . .@ﬂ—mg/] Potassium as KV
Carbonate as.CO; ‘_<_(’-()1—_mg/1 : Selenium as Se
Chloride as €l 32550___mg/1  Silicaas SiO.
'Chromium as Cr (Total) - '_5_0_-9_0_1.__mg/.1 o Silver as Ag--
Chromium as Cr {He‘x) : _(_O;O_()_L;_mg/l ' Sulfate as SO,
Copper as Cu A '_Q--.%g____ﬁng/'l Sodium as Né .
Surfactants MBAS E ig;qs_..___mg/l o ._ ~Zincas Zn

Fluoride as F 3.20 mg/1’

560.0

g/l
8.786 g/
1.920 g0
0.350 g/
14.40 mg/1
2.084 __mg/1
£0.0002 g1
0.03 ] ‘mg/]
<0.01 mg/1
452.0 mg/1
0.001  on
25.50 mg,/1
0.032° - ,on
720.0 g1
2,875 g/
0.231 img/]

Lithium as Li 12.46 “mg/ 1

All reports are submitted as the conlidential property of clients. Authorization for publication of out reporls, conclusicns, or, extrocts from or regording them, is reserve

Ing our wrillen opprovol as @ nwival protection to clients, the public and ourselves.

g T

Ford Chemical L‘abor’ctory,Alnc‘. g
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’
| LABORATORY, INC. S \
Bacteriological and Chemical Analysis : o o
40 WEST LOUISE AVENUE
SALT LAKE CITY, UTAH 84115
© PHONE 485-5761
Don Ash ... ' : -
. - A , Date: . August 10, 1978
- Name _Union 0i] Co. of California T
" Address P.0. Box 685’47 ; e ‘ ' . ,
o T . . ~ _CERTIFICATE OF ANALYSIS
_Santa Rosa, . Ca. 95401 - v 78-1803-3
CFSU 31-33- 7-5-78,. 372_0 ft., received 7-11-78 .
Anofysis started .on: , ; ' _
Turbidity 20000 NTU 3 " Total Hardness as CaCOs 188.0 mg,/1
. |I- Conductivity . 1_2_3_3(0'_0__-_-;_umhos/cm ~ lron as Fe (Total) 0 11.100 g1
S bH : - 1.94  Units .+ lron as Fe (Filtered) .. 8.660 mgn
; Total Dissolved Solids f ' ) : ' o
at180°C. . . 8,000 . mgn Lead as Pb 0.345 wgn
Alkalinity a#»-Ca_CO;;- . 2__1_(')_:_()____‘_;;_mg/1 » Mu-gnesibm as Mg LL_mg/l
_Arsenic as As - _ :l-,__lﬂ'-_______.mgﬂ Manguﬁese as Mn - M__;mg/]
Bicarbonate as HCO:{-_ - 256.2 - mg/t. o .MercuAry’as Hg - '_<_0_-_QQ_QZ____-mg/1
1 Barium ds Ba - : A(L_lél‘-if__‘.__mg/l Nickel as Ni._ T '_Q;_5_8_8_“_mg/1
Boron as B : Q;_Z_QL:.;,_____mg/1 . Nitrate as NO.N - . 0v.;")z-__mg/ll
: Cadmium as Cd Q'-_QL__mg/'l e Nitrite a;‘.NO:;N, o ‘L'Ol___.mg/'l .
. , Calcium as Ca - 5_2__-4;_—-_mg/1- . . Potassium as K = s _‘}_6_5.-__9.__mg/1
u Carbonate as CO, {Q;L__mg/l . Selenium as Se ' .&Eng/]
Ll chloride as ci 3,410 mg/1 .. Silica as SiO. . © 64.0 " mg/
. 4 Chromium as Cr (Total) 0_-__O_ZL§*_.__.___mg/~1 o Silver as Ag . : . 0030 __mg/1
. Chromium ds Cr (Hek) . Q.:@_L__ﬁ_mg/l_‘ : Sulfate as SO, o 1,000 __mg/1
Copper as Cu o Mmg/] " SodiumasNa - - 25916 - __mg/]
5 Surfactants. MBAS ° éﬂ:ﬂi_-_mg/l “ - ZincasZn ' 0.051 ~ ° mgn1
Fluoride as F ©2.905 . mg/] : </,,j;;;;?'”; z;éZEz——;—~
| vithium as i 11062 mg/1 o — ///5/%/ ' ‘
K _ - - Ford Chemical"{t:lborctor'y, Inc. -
All ¢eports ore “n]bmined os‘ bh}: contidontial prop;:"v« of clients. Authorization for publicotion of our n..;pons, conclusicns, or, extrocts from or regording vhem: is reserved pend-
wu written opproval o3 a mu.!u:o| protection to clients, the public ond ourse»lvns. . 7 o . . . - /
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LABORATORY INC.-"- \
Bacteriological and.Chemical Analysts
40 WEST LOUISE AVENUE
SALT LAKE CITY, UTAH 84115
~ PHONE 485-5761 .
Don Ash ' o . : ,
4 . e K : s 8
Name __Union 0il Co. of California- ‘Date: _August 10, 197
Address . P.0. Box. 6854
T . T CERTIFICATE OF ANALYSIS
Santa Rosa, Ca. 96501 78-1803-4 . :
CFSU 31033, 7-7-78,(4170 ft., received 7-11-78
Analysis started on: .

* Turbidity _ _3.99_‘_0;*~_;NTU ' . Tofal“H'ardness as CaCOs . 20.0 <_'_Amg/1. .
Conductivity _ 1_51§§9_+umhos/cm' "~ Iron as Fe (Total) ) wmg/]_.
pH ' ,?.'.Z_g__;_Unifs Iron.as Fe (Filtered) < M___mg/l
Total Dissolved Solids : : - o . ' ,
at 180°C. . 10,000 ygyn Lead as Pb 0.420 . yn
Alkalinity ‘as CaCOx 1,440 . mgn Magnesiom as Mg’ igs_.____mg,/"l

. Arsenic as As 5.707  mg/1 - Manganese as Mn’ __Loi__;mg/l
Bicarbonate as HCO, _658.8  mgn1 . Mercury as Hg M_mg/l
Barium as Ba <. 0.47 - mg/N ‘ ' Nickel as Ni __O_EE_—mg/'l ,
Boron as B 0.50 mg/1 - Nitrate as NO:&-N M__mg/l
Cadmium as Cd ML_mg/l' . Nitrite as NO.-N : M;_;mg/l-

g Calciu‘nﬁ:_qs Ca M;mg/l ' -~ Potassium as K - 443.0 " mg/
Carbonate as COs _540.0  mgn1 Selenium as Se 0.007  mg,
Chloride as CI - -ﬂoo—mg/l h  Silica as SiO. ~79.0  mgn
Chromium as Cr (Total) ,E_Ongﬂ : Silver as Ag -..__’0:__0_37_mg/]
Chiomium as Cr (Hex) <0000 g . sulfate as SO 760.0 g1
Copper as Cu %;‘mg/l: . Sodium as Ng_ -~ 4, 000.. mg/1 -
Surfactants MBAS'. : M.s__)_'mg/'l o Zincas Zn ° _0.041 L mg/l
Fluoride as F- . 3.60 " mg/1 .. % /2/

“Lithium as Li 13.31 mg/1 //}?

' : Ford Chemical Laboraiory, Inc.

All reports ore submitted os the confidential property of clients. Authorization for- publicotion of our reporu conclusicns, or, cx'rncu from or.regardmg them, is reseeved pendf |-

wr written approval as & mutuol protection to clients, the public und ourselves, /




CFSU 31-33 uepth,3720'i
7-5-78 9:1 Dil.
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/ﬂ’é/ C
LABORATORY INC.

" Bacteriological and Chemical Analysis

40 WEST LOUISE AVENUE
SALT LAKE CITY, UTAH 84115
. PHONE 485-5761.

August 10; 1978

CERTIFICATE OF ANALYSIS -

78-1803-5

Union .0i1 Co. of California
Union Geothermal Division
P.0. Box 7600

->LosgAnge1¢s,‘Ca.‘ 90051

Attn: Mr. Neil Stefanides

_ 'Gentlemen:
The following anaTysis is on samples of water received on July 11, 1978.

',Samp]e:’ water

Silica as Si02 mg/1

Blank #1 o 5.0
CFSU-31-33 Depth 2455' - - -
6-30-78 9:1 Dil - o 15.0

Blank #2 o 5.4

CFSU 31-33 Depth 2825' - :
7-1-78 9:1 Dil 22,0 -

o T R
CFSU 31-33 Depth 4170(;’f?f‘- -

7-7-78 9:1 Dil . S 29.0

Sincerely,

FORD ‘CHEMICAL LABORATORY,.INC.

%/;/ﬂ%/

ing our wriften opprovol o3 o mutual protection to tlients, the public ond ouuclvcs

Al reports are wbm tted os tho coafidential property of cli ents. Authorization fur p! bl (ulo\ ol ou 'epous :oncluucns ‘or, extracts from or r:gurdmg thcm is reser

ved puend-

_

1L SFika
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LABO RATORY INC. © DON.L ASH- \
Bacteriological and Chemical Analysis : o . AUG 22 1978
40 WEST LOUISE AVENUE B ST

_SALT LAKE CITY, UTAH 84115
" PHONE 485.5761

Date, August 18, 1978

Name Unlon Oll Company—Geothermai DlVlSlon

Addres's* 2099 Range Avenue, Box 6854 i : '
. S - CERTIFICATE OF ANALYSIS -

Santa Rosa, "CA 95401 , ;
Well water labeled "Depth 3000 feet, 7- 20- 78" received on July 26, .1978:

' "Analysis started on: . July 26, 1978

.:kTurbid‘ify L | L _g_QJ;__NTU ~ Tofal Hardness as CaCO; _Eﬁﬂ.;mg,.’l
Céhdu_cﬁvi'ry' .. ( _11255\ umhos/em  lron as Fe (Total) o ' _2.154.  mgn1
pH T . 44__'-____Umts - lron as Fe (Filtered) | __1:22§'___mg,/1
Total” Dissolved Sohds o . - - :

Cat180°C. .. _l-::.%ZQ;’;mg/l teadasPb . . . _0.006 mg/1-
Alkalinity as CaCO. - __Zﬂ_o__;mg/l . Magnesivm as Mg 19 .20 _mg/1
‘Arsén‘icvus As’ , —~ 2 991 : Ma.nganese as Mn - ' _(J_-Q_‘}.:i-__,.mgﬂ

' Bicarbonate as HCO: . _2&0____mg/1 - - Mercury as Hg » ' _Q;%Q_z__mg/’l
"VBarlium-‘o's Ba - . ng/l v ; Niékel ais NI ' .-_é__o_ﬂ}_'_'_mg/l'
Boron as B ‘ ~0.20  mg/l . Nitrate as NO:;-N” . _0_f4_5__;_mg/l '
Cadmium-as Cd 0 _0.040 - mg/1 - Nitrite .as NO.-N ‘_ ) _<._()_‘;9.:L__'_mg,,.'41
Calcivm as Ca_ . ___-]i_'};'()____mg/l ~ Potassium as K , _ .5.__6_-_2_0_ . ._mg/1

, .qubonate as CO. <o.01 mg/1 ~ Selenium as Sél £0.001 | mg/1
Chloride as CI __E_O_E:_O mg,/1 Silica as SiO. v | ___6_4_'_5).__.._#\9/]
Chromium ‘as Cr (Total) <._4 0. Qng,-'T , A'Sﬂver asAg . - . . <___(A’_:.A.°_0_1___mg, ‘}'
Chromium as Cr (Hex) < gl_(ﬁ_;_..mg)’T . | Sulfate as SO, o : 4__%_§_’.’_'_‘_(_)__._“_mg/1 oo

_ Copper asCuv . = | ,.,O_?Lg__;mg AR Sodium as Na.v . | : _isf_g___mgfl I

: :Sﬁrfactants MBAS ' 40.._05_._____..mg/1 Zinc as Zn . - __0_' l.(_).fl_, __.mg/} |
Fluoride as F =~ = 1.03 - mg/l
.Lithium as Li 1.164 mg/Ll- ﬁ(”/‘/ ~-——~ e

For Chemlccl chorcn‘ory, lnc.

All reports are submitted o3 the confidential . proncnv of cl-enu Authorization for. publication f our reports, conclusicas, or, .xlrutu from or regarding them, . is 'l.sq,rw,d pend--

Ing our written opprovol os’o mutyal protection 1o dlients, the public ond ourselves. .
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~~ Union 0il Company
" . Geothermal Division

e S [ T - B - ColEe e o ot adanta

T

aﬁcg | %ﬁm@ R
LABORATORY., INC.
Bacteriological and Chemical Analysis
40 WEST LOUISE AVENUE

SALT LAKE CITY, UTAH 84115
" PHONE 485-5761

) August 18, 1978

CERTIFICATE OF ANALYSIS

78-1956-2

2099 Range Avenue:

' Bos 6854

Santa Rosa;:CA = 95401 .

" Gentlemen:

The following analysis is on samplesAof'water received on

- July 26, 1978:

' Sample: Water

Silica
as 5i0,

3000 feet, 9:1 Dilution o . 3¢.5 mg/1

~.Blaﬁk‘ o S ‘_7 o, - ~ 22.5 ng/l

Sincerely,

FORD /4

e s. Ford ]

LSF:vh

o,

HEMICAL LABORATORY',' INC. -

All reports are submitted a3 the cont iot property of clients, Authorization for publication of our reports, conclusicns, or, catracts from or regording them, is reserved pend:
Ing out written opproval as a mutuol protection to clients, the public ond ourselves, . . /
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SUBSURFACE SURVEY'
-Field Work Stieet -

Fietdo Cove Fouv- 't

GEOTH EF%MAL. DIVISION

CFSw

AP T BN e

L I(-3JJ - St - PT

WELL NAME CAS U FJ—- 33

CASING q0° @ A" ;0:,@ 22507 ELEV. DATE: sS/9/728
LINER DESCRIPTION: 12% " . 17233 ZERO POINT S’t;/}td Gaze (GL)

i 2" @ 2559 o~ ‘pEPTH . 25579 (Kg)

i ) : = i ;
"f{_ REMARKS: Flep Ll cves + o0 7
i . )

i PURPOSE  (SRADIENT  SQRVET

i . ) !
, ELEMENT [ an b SERIAL NO. /0172~ cLock . /749 & TURN  STABILIZATION PERIOD - g
__PrEsS (2 8J] (72999 L SR H
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‘COVE_FORT SULPHURDALE UNIT #31-33

EZS SAFETY PROCEDURES

Protection-of all people on and around the Cove Fort Sulphur-

dale #31 33 locatlon from poss1ble st gas’ p01son1ng was of the_

‘utmost importance to Unlon 0il Company of Callfornla.

With the help of R. F. Smith Company, Union 0il implemented

everyone.-

1)

2)

3)

4)
5)
6)
7)
8)

9)

10).

11)

12)
13)

14)

. High pressure air compressor.

- a state of the‘art-safety*program to ensure the safety of

4The'safety equipment and‘pefsoﬂpel consisted of:
Safety trailer with 15 - 300'C:F. cylinder casoade air
supply system. . ' |
Two thousand feet of low Ppressure air line hose w1th

qulck‘connects.

Five low pressure manifolds.

Fourteen'.air. line masks with escape:..cylinders.

'Thirteen.30 mihute self contained oxygden units..
Two head-fixed H,S monitor systems.
"Warning sirens.and revolving amber light.

Three wind socks.

First aid'kit A

’Two resusc1tators with cyllnders (oxygen powered)

,Flare gun with. shells.

Gas detector (pump type)

'Safety superv1sor.
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There were three HZS gas monitors on the location: one‘was
located on the rig’ floor, one under the rig. floor at the‘
,flow nlpple, and-onejat'the mud shakers."The monitors were
set to detect HZSiconcentrationsinuexcess of'lO'ppm_and auto-
_ matically activate a warningnsiren andsrevolying-amberilrght._
In addition;»a sampling system collected vapors-at the'flow,‘
nipple and transported them to the R. F. Smith trailer where

they were analyzed continuously by a gas chromatograph

In‘the»eventaof'a'warning,‘the.menVon the rig floor were in-
structed.to‘immediatelyfpution air breathing apparatus with
escape cylinders andlalternate reserve air linemivAir was .
'supplied to the masks‘through manifolds from the ca3cade air
supply system; If for some‘reason there was'a malfunction in
the air supply system, the masks were equipped with escape
cylinders which would supply air for suff1c1ent time to allow

a personstOnleave the‘area.

After it‘was'determined that everyOne was wearing a'mask,'either_5
a safety supervisor or drilling foreman would check‘thegarea

for st using a hand operated gas detector; One of the 30

minute self;contained'units was worn bytthe foreman and/or
supervisor so- that he' could move’ safely around the location whlle
makinggthe:check,, If an HZS concentration of over 10 ppm was
found in or.aroundptherwork area, the men were:required to‘work*
wearing'masks;:'lf‘leSS.thanTlO ppmnHZS was’found,‘thevmen'could
continue work normally. Constant monitoring was continued until

the gas dlSSlpated
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/.
Three windisocks were locared Strategicallydaround the location;~
If the warnlng siren. sounded when “an employee was away . from
elther a self-contalned air unlt or air llne mask, he could

observe the wind sock~and move quickly up wind escaping the gas.

In addition to the .above, two oXern resuscitators and a flare

~gun were on location at all times. The resuscitators were to

belemplOYed to revive any'individual'overcome by H,S. If'it._
was.'determined that;ahy st.leak wes adequate-to endanger huhan“
or animal life in an area .adjacent to the location,'use of the
flare_gun WOuld be a last resort measure to ignite and eliminate

the gas. .
All personnel required to be presenﬁ_or perform any type of
service on or in the proximity-of the CFSU #31<33 location

were glven 1nstruct10n relating to safe operatlng procedures

in the presence of HZS gas. Safety_lnstructlon was conducted

in allpcases by-a qualified represeﬁtati&e of R. F,‘Smith
Corporation. In additiohrto ihstruction, an inspection for
broken eardrums was made'by an M.b. and all personnel were
required to be cleanly shaven.to ensure an airtight fit of. the

available ‘breathing apparatus.

Many scheduled and unscheduled H,S drills were conducted, éxposing
each person associated with the drilling. operation to at least
one drill. The drills were triggered by manual activation of

the HZS alarm system.
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The HZS alarms‘were aetlvated once when steam and vapors were

seen to be comlng out of the rotatlng head rubber, while drlll—.
1ng‘thev1nterval 1236'_to 1241*. All personnel on the locatlon‘
fOIIOWed'preseribed_HéS safety procedures at this p01nt,
Immediately follewing~the activation QfAthe alarms, ﬁanuel measure-
menfs-of;HZS were ﬁade on the rig fioor; indicating,cohcenfra—

tion oh'the order of 1Q ppm HZS‘ A briékvwind‘wes blowingAat-
theltime} and- the gas was quickly dispersed. The gas chromato- .
~graph sempliﬁg vapore froﬁ“the floW{nippie did not detect any

H,§ during this event.



