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COVE FORT SULPHURDALE UNIT #31-33 

PREFACE 

Organization ·of . Report 

This report presents the technical · details involved in the 

drilling of Union Oil Company's Cove Fort-Sulphurdale Unit 

Well #31-33. The report consists of the eleven chapters listed 

in the Index, as well as the well logs taken by Schlumberger, 

Geotex, and R. F. Smith. The contents of each chapter is 

sUlrumarized in the following. All depths in the report refer 

to rotating kelly bushing (R.K.B.) unless otherwise indicated. 

This is 20' above ground level (G.L.). 

Chapter 1 presents a summary 6f the operations required to drill 

and complete CFSU #31 - 33. A listing of contractors used is 

also presented. 

Chapter 2 summarizes what was learned about the hydrothermal 

system encountered by CFSU #31- 33. This includes data on forma­

tion lithol.ogies, fluid chemistries, and other geological 

information. 

Chapter 3 contains a well history describing the day to day 

operations during the drilling of CFSU #31 - 33 . Also included 

is a detailed description of the casing strings, and a listing 



· CFSU #3l-33/Preface Pg 2 . 

of deviation surveys with the corresponding maximum reading 

thermometer results. i 

I 
j: 

The two fishing operations engaged in while drilling this well I 
I 

are described in Chapter 4. ! 

A time-depth progress graph is presented in Chapter 5. This 

graph also indicates the occurrence of events of major technical 

interest while drilling CFSU #31-33. 

Chapter 6 lists the various kinds of logging data taken during 

the drilling of CFSU #31-33. Copies of-each of the individual 

logs are supplied with the report. Maximum reading thermometer 

temperature surveys taken at various times 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 CFSU #31-33. 

Chapter 8 describes cementing operations carried out during 

casing jobs, while trying to control lost circulation, and 

while abandoning the lower section of the hole~ 

Chapter 9 is a technical summary of the drilling fluids used 

in drilling this well. This section was prepared by Baroid, 

the sales, service and· engineering company responsible for the 

drilling fluids program. 
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Chapter 10 contains a summary of tubular goods corrosion which 
I 

i 
{ occurred while using aerated water as a drilling medium, as 

I 
f 
i 

well as Union's attempts to maintain control. 

Chapter 11 describes the equipment and procedures used on the 

wellsite to protect personnel from the potential danger of 
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b. Intermittent Returns to Surface: 2015' to 
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I. GENERAL INFORMATION 
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A. WELL RECORD 

UNION OIL CO. OF CALIFOHNIA 

GEOTHERMAL DIVISION 

LEASE Cove ' Fort Sulphurdale Unit 
WELL # 31-33 

~~~--------------------------------FIELD Cove Fort 
LOCATION N89°28'W 1092. 23 and South 479.21' 

from the South ~ corner of Section 28, 
T25S, R6W, SU~. (The well i s located 
in Section 33, T25S, R6\v, SLM.) 

SPUD DATE 5/24/78 COMP. DATE 7/27 /7B­
CONTRACTOR Loffland Brothers Company_ 
RIG # 5 
ELEVA~T~I~O~N~S~:~G~R~O~U~N~D~-64-8-0-'----------~ 

K.B. TO GROUND 20' 
K . B. TO LOWE R C::O-::-A-=S-=I::-:N:=::G::--"l-=-=IE:::-:A=-=D=------

B.H.L.-=~ ______ ~~~ __ ----~~~-----
DEPTH: T.D. 5221' T.V.D. 5165' E.T.D. 2600' 

COMPANY ENGINEER_.:.:H.=ar=.o;;:.;l::.:d::....:.M:.;:o""sc::s _________ _ 

SIZE WEIGHT GRADE THREAD TOP 
~ ---

.375" wall H-40 Welded G.L. 
20" 94#/ft H-40 Buttress 20 ' K.B. 
13-3/8" 54.5#/ft K-55 Buttress 20' K.B. 

2-7/8" 6.4#/ft K-55 EUE 8RD 20' K.B. 

BOT'l'OM 
32'below G.L 
280 ' K.B. 
1733' K.B. 

2579.53' -

REMARKS 
cemented surface to 
cemented surface to 
cemented surface to 

hanging tubing with 

3 
2 
1 

2' 
80' 
733' 

bottom jQjnt ~eI:fQr:at ed 

WELL HEAD ASSEMBLY 

MAKE TYPE SIZE PRESSURE RATING 
CASING HEAD SPOOL ~ s.o:w. I3=3!8"x1 2" 3000# 

. SPOOL Midway Fishing Tool Tubing Hanger 12 "x6 " 3000# 
ADAPTER ~'W1 Double Studded 6"x3" 3000#/2000# 

CASING HEAD VALVES WKM Gate 3" 2000# 
HANGER SPOOL VALVES r1idway Fishing Tool Blind Flange 2" 3000# 

SWAB VALVE WKM Gate 3" 2000# 

STEAM ENTRIES: DEPTH LBS. INCREASE 

Not Applicable 

SLOTS BLANK 
SLOTTED LINER FROM TO FROM TO 

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

TEST DATA ORIFICE SIZE ______ _ 

RIG TEST DATE WHP FLP TEMP POUNDS/HOUR 

REMAru<S : __ ~T~o~t~a~1~C~o~s~t~o~f~W~e~1~1~=~$Ll~,2~7~O~1 ~O~O~O ______________________________ __ 

Cost Per.Foot = $243.25 

-r 
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B. CONTRACTORS USED 

Baroid 

Basin Mud Service 

B&W, Inc. 

Christensen Company 

Cove Fort Service 

Del Mar Construction 

Donham Oil Tool 

Dresser Industries 

Francis Engine Service 

. Geotex 

Grant Oil Tool 

Duane Ha~l Trucking 

Halliburton 

HOMCO 

Howard Construction 

Hughes Tool Company 

Marion Kessler 

La Sal Oil Company 

Loffland Brothers 

Mac's·Welding 

Bill Martin Rathole Service 

Midway Fishing Tool 

Mountain States Inspection 

Oilwell Supply 

Pipe Sales Company 

Pg 2 
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B. CONTRACTORS USED (cont'd) 

San Juan casing Service. 

Schlumberger 

R. F. Smith Corporation 

Smith Tool Company 

Thatcher Chemical 

West Coast Oil Tool 

W-K-M Wellhead Systems 



COVE FORT SULPHURDALE UNIT #31-33 

II . . DRILLING OPERATIONS 

A. RIG INFORMATION: 

Loffland Brothers Rig #5 is an Ideco 1000 Portable Mast and 

20' substructure with an Ideco H-IOOO Drawworks. The rig 

is rated ,to drill to a depth of 12,000'. It is powered 

with two V12 GMC Diesel Engines rated at 434 INT. h.p. each 

at 1800 RPM. The telescoping Mast is 112' in height. The 

rotary table is an Ideco 27-1/2". The rig is limited to a 

350,000# casing capacity. 

B. PREPARA'I'ION OF LOCATION AND SETTING OF CONDUCTOR 

TO 52' (R.K.B.): 

-
At the end of 1977, various operations were conducted to 

prepare the location for drilling. The location, sump and 

roads were built to specifications laid out in the "Approved 

Unit Plan of Operations:. A 36" conductor hole was drilled 

to 32' G.L . (52' R.K . B.) by Bill Martin Rathole Service . 

Thirty inch (30") conductor pipe was run arid cemented from 

surface to 32' G. L . (52' R .K. B. ) with Ready- Mix Cement. 

C. 26" HOLE: 52' t o 2.89': ( 20" Casing Set to 28 0 ' ) 

Loffland Rig #5 moved in, rigged up, and was placed on day 

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

The well was spudded in at 2000 hours on 5/24/78, and 17 - 1/2" 

I 
II 

I 
I 
I 
I 
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C. Continued-

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

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

Two hundred-ninety four feet- (294') of 20", 94#/ft K-55 

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

and 30" casing were cut off to ground level. A 20" Hydril 

GK and Double Shaffer blowout preventer was installed and 

tested to U.S.G.S. specifications. 

D. 17-1/2" HOLE: 289' to 1735': (13-3/8" Casing Set to 1733') 

1. General Description of Hole Drilled 
\ 

The 17-1/2" hole was drilled from 289' to 1733' (open 

hole and fill, 280' - 301'; andesite beginning at 301') 

with severe lost circulation problems. A parted shock 

sub while drilling at 711' necessitated a fishing job 

at this depth. 

Complete loss of circulation occurred numerous times 

over the interval 1236' to 1276' while drilling dolomitic 

limestone and dolomite. Nineteen. lost circulation plugs 

(total volume of 4193 ft 3 cement) were set during the 

eight days required to drill this section. A total of 

340 bbls mud were lost while drilling continued in 

dolomitic limestone and dolomite from 1276' to 1564', 

at which depth complete loss of circulation occurred. 

Circulation was partially gained with the placement of 
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D. Continued-

cement plug #20. A total of 410 bbls mud were lost 

while drilling occurred in the same formatton from 

1564' to 1735'. Complete loss of circulation occurred 

at this depth while circulating and conditioning mud 

to run 13-3/8" casing. Five more lost circulation 

plugs were set (558 ft3 cement) before circulation 

was regained. 

1,733' of 13 - 3/8", 54.5 #/ft,K-55 buttress casing was 

set and cemented to surface. The 13-3/8" casing was 

cut off to surface, and 12" - 3000# B.O.P . equipment 

was I installed and tested to U.S.G.S. specifications. 

2 . Problems Encountered and Their Resolution 

a. · Parted Shock Sub at -7ll' 

A shock sub par ted while drilling at 711'. The 

lost tools were recovered on first run with an 

overshot fishing tool . 

b . Complete Loss of Cir culation: 1236' t o 1276' 

Complete loss 0.£ circulati on occurred at 1236', 

but drillin g continu e d t o 1241 ' . The hole made 

H2S while pulling the dri ll string, and H2S 

alarms were set off at a level of 10 ppm. 

Seven cement plugs (total volume = 1925 ft3 ) were 

set in an attempt to plug the lost cir culation 

zone. The format ion accepted all the cement , but 
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2. b. Continued - . 

the H2S flow and an initial seep of methane were 

completely eliminated after the fifth plug. 

A 17-1/2" drillirig assembly was run to clean out 

a bridge from 1236' to 1241', and to drill from 

1241' to 1252', with no drilling fluid returns. 

500 bbls mud was lost while drilling at a rate of 

20' - 30' per hour. There was no evidence of 

torquing, additional fractures, or running dolomite 

from 1241' to 1252'. 

Five additional cement plugs (total volume 1090 ft3 ) 

were set through open ended drill pipe at l250'±. 

The fluid level in wellbore was located at 600' 

using a wireline and wooden float, but there was 

no cement to be found in the hole. 

Cement plug #13 (166 ft 3 ) was set through open ended 

drill pipe at l250' ±. The top of the cement was 

l ocated a t 1160' .. The cement was drilled with a 

1 7- 1/2 " drill i n g a s s emb l y f r om 1160' t o 1252 ' . 

Complete loss o f circulation occurred at 123 6' . 

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

with no drilling flu id returns. 

Four additional cement plugs (total volume = 662 ft3 ) 

were ~et in an attempt to plug the lost circulation 

I 
i 
1 
t 
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2. b. Continued-

zone. Cement was located at 1221' following plug 

#17. 

Firm cement was drilled out from 1221' to l247 i 

at which depth complete loss of circulation occurred. 

Cement plug #18 (235 ft 3 ) was then set. Preceding 

the injection of cement, three separate attempts 

were made to plug up the lost circulation zone by 

injecting 90 ft3 amounts of a water/polymer lost 

circulation compound. We were unable to fill the 

hole following each attempt. 

The top of the cement from plug,#18 was located at 

1183'. Firm cement was drilled out from 1183' to 

1257', drilling continued in dolomitic limestone 

and dolomite from 1257' to 1276'. Complete loss 

of returns occurred at 1274'. 

At this depth cement plug #19 (115ft3 ) was preceded 

by a 112 ft 3 mixtu~e of water/polymer lost circulation 

compound. The top of the cement was located at 

1230'. 

c. Complete Loss of Circulation at 1564' 

Fluid returns were lost completely at 1564' after 

having lost a total of 340 bbls mud over the interval 



· CFSU #31-33/Drilling Operations Pg 6 

2. c. Continued-

1380' to.1564'. The drill pipe became stuck while 

pulling out of the hole, but was worked free in 

four hours. 

Cement plug #20 was then set (115 ft 3 ) , but was 

preceded by 95 ft3 of water/polymer lost circulation 

compound. 

The top of the cement was found at 1487'. Cement 

was cleaned out to 1500' with full drilling fluid 

returns. Circulation was lost completely at 1500', 

but was regained with 500 bbls of water. 

The hole was then cleaned out to 1564'. 

d. Complete Loss of Circulation ·at 1735' 

A 17- 1/2" hole was drilled in dolomite from 1564' 

to 1735', while losing a total of 410 bbls mud . 

While circulating and conditioning mud in preparation 

f or r unning 1 3- 3/8" casing, dril l ing f lui d r etur ns 

were lost completely . 

Five additional cement plug s were set (nos. 21-25, 

t o tal vol ume = 594 ft3 ) , thre e o f which were preceded 

by the water/polymer lost circulation compound 

(total volume = 316 ft 3 ) . Following t he last plug, 

the hole was cleaned out to 1735' with no loss of 

I 
I 
I 
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2. d. Continued-

mud, and the 13-3/8" easing was successfully run and cementec1. 

E. 12-1/4" HOLE: 1735' to T.D. at 5221' 

to 2600') 

(Hole Plugged Back 

1. General Description of Hole Drilled 

The 12-1/4" hole was drilled from 1735' to total depth 

at 5221' with continued lost circulation problems 

(1735' to 2770' in dolomitic limestone and limestone, 

2770' to 4787.' in siltstone and .sandstone, and 4787' 

to 5221' in dolomite). After complete loss of circula­

tion occurred at 2015', the remainder of the hole was 

drilled with chemically treated aerated water. There 

were intermittent returns to the surface from 2015' to 

4832', and none from 4832' to total depth at 5221'. 

A parted shock sub required fishing at 2876'. 

Coring was attempted from 5015' to 5021' with only 

limited recovery. Various Schlumberger and Geotex well 

logs were run to 5200'~. 

Efforts to abandon the lower portion of the hole were 

then begun. The 12-1/4" hole was plugged back to 

2600' after setting 15 cement abandonment plugs. 
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E. 2. · Problems Encountered and Their Resolution 

a. Complete Loss of Returns at 2015': Rig Up for • 

Aerated Water Drilling 

After circulation was lost completely at 2015', drill-

ing continued with chemically treated aerated ~ater. 

While rigging up for drilling with air, a . bottom 

hole temperature of 210°F was measured. The hole 

had been static for 12 hours. 

b. Intermittent Returns to Surface: 2015' to 4832' 

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

2672' using the chemically treated aerated water. 

Cuttings or liquid returns were not obtained while 

drilling this interval. Intermittent returns of water 

and cuttings were obtained from 2151' to 2550', while 

no returns were obtained from 2550' to 2672'. 

Intermittent returns by heads were obtained every 

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

at which depth a shock sub parted, requiring fishing . 

Dr illing continued, from 2920' to 3250' . Some inter-

mittent co l d wate r r etur ns we r e e x per ienced wi th 

temperatures f rom 50 °F t o 171°F . A 12- 1 / 4" h o le 

was dr i lled to 37 65' and additional jet subs were 

added to the drill string to aid in lifting fluid and 

sodi um n i t rate was a dded t o t he injection wat e r t o 

control the increasing severe corr osion r ate of 

42.8 lbs/ f t / year . 

I 
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E. 2. b. Continued-

The 12-1/4 11 hole continued to be drilled to 4832' 

with intermittent fluid returns to surface. Tempera-

ture surveys at 4675' indicated 292°F after five 

hours static, and 292°F at 4735' after 18 hours 

static. 

c. Parted Shock Sub at 2920' 

At 2876', the shock sub failed, required fishing, 

and was recovered on the first attempt. 

d. No Returns to Surf.ace: 4832' to T.D. at 5221' 

A 12-1/4 11 hole was drilled to 5009', without 

returns to surface. 

Formation voids were noted at 4852' and 4858'. 

Drill cutting fill impaired drilling and caused 

drill string sticking. 

Continual replenishment of the drill water supply 

was hampered due to lack of available tank trucks, 

although four in use. 

An attempt to consolidate formation fill and regain 

partial returns was made by displacing a sodium 

silicate-calcium chloride solution, followed by 

cement-Perlite-silica flour-gel plugs and the hole 

filled to 4753;. 

A 12-1/4 11 drilling assembly was run and cement drilled 
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E. 2. d. Continued-

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

and fill was encountered from 4935' to 5009', with 

no fluid returns to surface. 12-1/4" hole was 

drilled to 5221'. 

3. Coring Efforts - 5015' to 5021' 

An attempt was made to obtain two cores of the forma-

tion, without success and onlY 8" of core, a highly 

fractured dolomite was recovered. 

4. Losging .Efforts 

Two Schlurnberger temperature logs, a DIL- 8 and CNL-FDC, 

and a 4- arm Dipmeter with Caliper log were run. They 

indicated dolomite from 1735' to 2770', siltstone and 

sandstone from 2770' to 4782' and dolomite from 4782' 

to 5221'. Maximum reading thermometer temperatures 

were 282°F . 

A Geotex Tempe r atu r e Log, water aquifer locater and 

radioact ive t r acer were run, indicating c r oss f low of 

fl u i d, up a nd down the h o le. The p r evi ous t emperature 

were c onfirmed . 

5 . Plugging Back t o 26 00 ' 

Lowe r hole secti on abando nment ope r ati ons consi s ted of : 

cement plugs with l ost circu lation ma t erial ; modi f ied 

formation consolidation treatments; and the installation 

1 
! 
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E. 5. Continued-

of two Halliburton EZSV 13-3/8" plugs. These operations 

resulted in the establishment of a plug from 5221' to 

4728', and from 2750' to 2552'. The upper plug was 

drilled out to 2600'. The plugs were installed by 

U.S.G.S. direction in order to eliminate possible co­

mingling of formation fluids. 

F. WELL COMPLETION 

A 2-7/8" EUE 8RD 6.4#/ft tubing temperature survey string 

was hung in·a Shaffer tubing head at the surface. The 

bottom joint of tUbing, 30', was perforated and orange 

peeled with a 3/4" hole in the bottom. The bottom tubing 

joint is located at 2558', ground level. 

The purpose of this completion arrangement was to facilitate 

the execution of future temperatu're surveys in the upper 

portion of the hole. 

The Loffland Brothers Comp~ny rig, #5, was released at 

1800 hours, 7/27/78. 
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III. POST DRILLING OPERATIONS 

Current plans are to continue monitoring temperatures in the 

upper portion of the hole. Union personnel carried out a 

temperature survey of the completed zone on August 9, 1978. 



LITHOLOGY 

• GEOLOGIC REPORT ON THE 
COVE FORT-SULPHURDALE UNIT #31-33 

MILLARD COUNTY, UTAH 

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

where a sequence of soft dolomitic shale and brecciated and 

fractured dolomite is present. The sequence of rock units 

encountered in the 31-33 well differs from that found in the 

CFSU 42-7 well, indicating-that the local subsurface structure 

has consider~bly altered the normal stratigraphic sequence in 

the area.' Those rock units that are present in both wells 

show significant variation in degree of alteration and meta-

morphism. 

The following is a description and discussion of the rock 

types encountered in CFSU 31-33, from the surface to the total 

depth. The descriptions are based on examination of the well 

cuttings by binocular microscope and one x-ray diffractometer 

analysis. 

Recent alluvium is present from the surface to approximately 

180 feet. The alluvium consists of hydrothermally alt'ered 

volcanic pebbles, gravel, and sand with abundant limonite 

staining. 

''Y'" 
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Interval ••.••••••••.. 180-l005' 

Formation .••.••••••.• Bullion Canyon Volcanics 

Age ••••••••••••..••.• Oligocene and Miocene(?) 

Lithology ..••..•..... Andesite 

The well penetrated 825 feet of Mid-Tertiary extrusive volcanics, 

the majority of which were characterized by extensive chloritic 

and argillic alteration. The volcanics can be divided into 

two major units based on the texture and composition of the 

samples. Th~ upper unit (180-530 feet) consists of a greenish 

to reddish-gray porphyritic andesite and a minor greenish-gray 

aphanitic andesite. The fine to medium-grained phenocrysts 

are predominately feldspar, with trace pyroxene, and trace to 

rare biotite, calcite and quartz. In most cases, the pyroxene 

and biotite have been bleached or chloritized and some feldspar 

phenocrysts have been altered to kaolinite. The chloritization 

appears to increase with depth. 

The lower unit (530-1005 feet) is characterized by the appearance 

of abundant pyrite and siliceous fracture-filling material. 

The volcanics of this unit-consist of a gray, fine-grained 

porphyritic andesite and a chloritized and silicified greenish­

gray, medium-grained porphyritic andesite. The phenocrysts consist 

mainly of white, subhedral feldspar, chloritized biotite and 

pyroxene, trace magnetite, and trace to rare calcite. Quartz 

Ii! 
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phenocrysts are generally absent in the lower unit. Minor 

amounts of a pale reddish-orange welded tuff are present from 

690-700 feet. The base of the volcanics is characterized by 

decreasing amounts of pyrite and siliceous fracture-filling 

material, and increasing amounts of calcite and greenish to 

reddish-gray porphyritic andesite. This andesite is similar 

to the andesite of the upper unit. Some of the volcanics from 

730-1005 feet appear to be·brecciated. Two fracture zones were 

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

Interv.al. ...•.•.•••. ,1005-1150' 

formation .•••.•••.... Claron(?)/North Horn(?) fOrmation 

Age .............•.... Upper Cretaceous(?) to Paleocene(?) 

Lithology ••••••••••.. Siltstone 

An unconformity between the Bullion Canyon Volcanics and the 

Claron formation was penetrated at 1005 feet. 

The Claron formation consists of a poorly-sorted red siltstone 

with fine to medium-grained subrounded quartz and quartzite 

clasts and medium to coarse-grained limestone clasts in a clayey 

red matrix cemented with calcite. The siltstone is moderately 

well-cemen:ted and contains minor calcite-fille'd fractures. The 

quartz and limestone clasts become coarser-grained near the base 

of the formation as the siltstone becomes conglomeratic in part. 

This l45-foot section of red siltstone is generally hard and 

unfractured, with very low porosity. 

II i 
l.: t; .. I 
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Interval ....•.•...•.. 1150-2770' 

Formation •....••..... Katbab (7) IPakoon (7) ICall ville (7) (Oquirrh) 
. forma tion 

Age .........•.•.....• Permian (7) - Pennsylvanian (7) 

Lithology ... .... ..•.. Dolomitic limestone, dolomite 

An unconformity between the Claron formation and a carbonate unit of 

uncertain age and corre lation was penetrated at 1150 feet. 

The upper p a rt of the unit·consistsof a light to dark gray, 

fine to me dium-grained dolomitic limestone with rare crinoid 

fragments, trace white, slightly calcareous to non-calcareous 

fine sandstone, and minor chert . A Ilght blue-gray, soft, 
\ 

slightly calcareous siltstone appears at 1170 feet and in-

creases in amount with depth. Pyrite and quartz are trace 

to rare in this interval. 

A major lost circulation zone was encountered at 1233-1255 feet. 

High concentrations of hydrogen su~phide gas and carbon dioxide 

gas were detected in the zone. 

A sequence of light brown to light gray aphanitic and cherty 

dolomite and dark gray , fine to medium- grained calcareous 

dolomite with sugary texture occur s below the lost circulation 

zone . Trace to rare amou n t s of pyri te , sphalerite, g alena , 

and calc ite a r e present i ntermitten tly from 121 0 t o 1 4 60 feet . 

Whi t e to lig h t gray c h e rt a nd aph a nitic dolomite o c cur a t 

152 0 to 156 0 feet. This sequence of c hert, aph anitic dolomi t e, 

i. 

11, 
! 
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and secondary sulphide minerals is similar to an interval 

described as Lower Permian Pakoon dolomite in the CFSU 42~7 

well. However, a prominent sandstone marker bed in the Pakoon 

dolomite is absent in the CFSU 31-33 well. 

The dolomite below the cherty interval is predominately 

dark grayish-brown, fine to medium-grained and slightly 

calcareous with minor brecciated calcite and siliceous veins. 

Rare crinoid stems are present from 1570 to 1590 feet. The 

dolomite becomes more calcareous with depth, accompanied 

by an increase in brecciation and calcite veining. This 

interval of dark gray crystalline calcareous dolomite could 
, 

be tentatively correlated with the Pennsylvanian Callville 

(Oquirrh) formation. 

A second major lost circulation zone was encountered at 

2010 feet. Minor amounts of hydrogen sulphide gas were 

present at 2080 feet. Sample returns were minimal throughout 

the interval 2010-3030 feet, but generally consisted of 

brecciated crystalline dolomite. 

The dipmeter log was run from 1733' to the total depth. The 

dips of the carbonate in this interval are extremely erratic, 

indicating the presence of many cavities and fractures. 

The age and correlation of the carbonates in the interval 

1150-2770 feet is uncertain. Dolomitization may have destroyed 
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diagnostic fossils that might aid in the correlation of these 

units. 

Interval ..........•.. 2770-4787' 

Formation ..........•. Chinle(?), Shinarump(?), Moenkopi 
formations 

Age .................. Triassic 

Lithology ...•.....••. Siltstone and sandstone 

The presence of approximately 2000 feet of Triassic Red Beds 

below Permian(?)" and Pennsylvanian(?) dolomite indicates that 

significant thrust or reverse faulting occurred in the area 

between Mid-Mesozoic and Late Cretaceous time. 

The Triassic Red Beds consist of interbedded red, slightly 

calcareous, poorly-sorted micaceous siltstones, light gray to 

white calcareous sandstones, ' and pale green, slightly calcareous 

siltstones. Trace to rare gypsum occurs intermittently 

throughout the interval. A medium to dark gray, very calcareous 

sandy siltstone is present from 4180 to 4640 feet. Light gray 

mottled calcareous fragments containing trace to co'rrunon 

gastropod fossils are also present in that interval. The base 

of the Red Beds is predominately reddish-brown non- calcareous 

to slightly calcareous siltstone grading into ~ fine sandstone, 

pale gre en siltstone, and minor dark gray , ve ry calcareous 

siltstone . 

The Red Beds are characterized by a generally low porosity . 

I: l~ Ii 
I' I 
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Minor fractures are present in the red siltstones, but most 

fractures 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. The strike of the Red 

Beds ranges from E-W to N46W, averaging N75W. The dips range 

from 20° NE to 42° NE, averaging 22° NE. Variations in the 

strike and d~p generally occur at the transitions between 

sandstone'and siltstone beds and at minor fracture zones in the 

,siltstones. 

Interval. .•.•.•.•.•.. 4787-5221' 

Formation .••••.....•• Unknown 

Age •••.•••••.• ' •..•.•• Pre T;r.iassic 

Lithology .•.•••....•• Dolomite 

A major lost circulation zone was encountered at 4787 feet. 

The only sam'ple return was obtained from the interval 4790-

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

very fine-grained, loosely-consolidated, slightly calcareous 

shale or siltstone. A powder x-ray diffractometer analysis 

was run at the University of Utah to determine the bulk 

composition of the sample. The three major constituents of the 

sample are quartz, K-mica, and dolomite. 

7-~ 
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Two cores were cut at 5015 to 5018 feet and at 5018 to 5021 

feet. There was eight-inch r-ecovery on the first core. 

Core #1 is a medium to dark gray fractured and brecciated 

dolomite. There was no recovery of Core #2. 

The drill rates in this interval were very erratic, ranging 

from 150 feet/hour to 5 feet/hour. Severai cavities and 

fracture zones one-to-two-feet thick were encountered. 

The dips obtainea from the dipmeter log in this unit are not 

quite as consistent as those in the Triassic Red Beds, and 

there were several intervals in which no dips were recorded. 

The average strike of the dolomite unit is N50W. The average 

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

a fault or disconformity. 

It is difficult to determine the formation and age of this unit 

because of the slight returns and brecciated nature of the 

dolomite. If the contact with the Red Beds is a thrust fault 

or disconformity, then the dolomite could belong to any of 

the pre -Triassic carbonates such as the Kaibab limestone, 

Pakoon dolomite, or Callville limestone. Detailed micro-

paleo exam~natio,n of the core might aid in the' correlation 

of this unit. 

Ii .. ~ 
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GEOCHEMISTRY 

While drilling with aerated water from 2021 to 5221 feet, 

formation water entered the borehole and circulated to the 

surface with the injected water. In order to determine 

the geochemistry of the system, flowline samples were 

collected during periods in which there were substantial 

fluid returns with relatively high temperatures and low 

pH compared to the injected water. 

It was shown by a tracer survey run by GeoTex Corp. that 

fluid from the interval 4800-5000 feet was flowing upward 

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

also found that fluid was flowing downward to 5175 feet at 

the rate of 10 to 20 bbls/hr. A sample of the fluid flowing 

up the wellbore was collected by entering the hole with drill 

pipe that had an inverted float sub on the bottom anq a jet 

sub three stands above the float sub. The drill pipe was 

lowered to approximately 3000 feet. Fluid entered the drill 

pipe through the inverted float sub which allows fluid movement 

in only one-'direction. As the drill pipe was pulled up, the 

90 feet of fluid between the 'float sub and jet sub was trapped 

and brought up to the surface. 

The chemical 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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plotted against the depth when the samples were collected. 

The maximum salinity attained in the flowline discharge 

was 10,000 ppm at 4170 feet. The marked decrease in salinity 

at 4800 feet to 1320 ppm is probably due to lower salinity 

water flowing into the borehole'after the dolomitic shale 

and dolomite breccia were penetrated at 4787 feet. 

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

geothermometer calculations of the flowline discharge and fluid 

from the 4800-5000 foot interval. The equation used for the 

silica calculations was: tOc = (1315/5.20~-log Si02)-273.15. 

The equation used for the Na-K-Ca calculations was: 

tOc = (1647/log(Na/K)+S log (~/Na)+2.24)-273.l5.* Silica 

temperature estimates were calculated for both diluted and 

undiluted samples for each sample intexval. 

The most reliable silica temperature estimate, 379°F, is from 

the diluted sample collected at 4170 feet. This 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 

*Proceedings of the Second UN Symposium on Development and 

Use of Geothermal' Resources, Vol. I, p. lxxiii (1975). 
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less believable than the estimates from the silica calculations. 

The best Na-K-Ca temperature estimate, 495°F, is from the 

sample collected at 4170 feet. This sample probably has the 

least "contamination and dilution of all the flowline samples 

because of its high salinity. 

The flowline sample collected at 4170 feet probably best 

represents the geochemistry of the geothermal reservoir because 

of its high salinity and chemical sim+larity to water believed 

to represent the reservoir in the CFSU 42-7 well. The sample 

from 4170 feet is also the last flowline sample collected 

before lower salinity fluid entered the borehole around 4800 

feet. 

The borehole water sample from 4800 feet is more similar in 

chemistry to meteoric water than to the formation water samples 

collected at the flowline while drilling. This lower salinity 

fluid is probably local ground water. According to the free 

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

was plugged, the ground water table is approximately 1400 feet 

below the surface. The permeable dolomites in the interval 4800 

to 5000 feet could intersect 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 near-surface meteoric 

water several hundred feet above the deep ground water. The 

r I~ 
1i . 
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dolomite would act as a conduit through ,'1hich the water would 

flow down dip. The Red Beds above the dolomite form an effective 

aquiclude. When the· 4800 to 5000 feet zone was penetrated during 

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

upward. 

DISCUSSION 

Figure 3 is a graph of the temperature profiles from surveys 

taken after reaching the total depth. The temperature profiles 

show the presence of a thermal conductive zone in the Bullion 

Canyon volcanics from the surface to approximately 1000 feet. 

Temperature gradients in this zone range from 6° to 20°F/IOO feet. 
\ 

An isothermal zone is present 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 to 2000 feet in brecciated dolomite. 

Temperature gradients in this zone range from 5° to 26°F/IOO feet. 

A nearly isothermal zone occurs in the dolomite and Red Beds 

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

temperature reversal to. 5200 feet. 

The isothermal zone in the interval 2000 to 4800 feet is probably 

the result of low salinity fluid from 4800 feet flowing up the 

wellbore and out into the formation to about 2010 feet. Tempera-
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tures recorded by maximum-reading thermometers during deviation 

surveys range from 210°F at 2000 feet to 294°F at 4700 feet 

(Table 3). After penetrating the zone at 4800 feet, the 

temperatures recorded by maximum-reading thermometers were 

consistently 29l-294°F, above 5000 feet. The hole had been static 

(no circulation of injected water) for two hours when the 

reading was taken at 4700 feet. After a static time of 18 hours, 

the reading at 4735 feet was also 293°F. Normally, after 18 hours 

of static time, a temperature build-up at this depth would be 

expected. Therefore, the fluid flowing up the wellbore may 

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

the maximum temperature at 4735 feet could be 293°F . 

The temperature reversal from 4800 to 5200 feet could have-

resulted from several factors . It could be a temporary reversal 

within the rese r voir while drilling through the de scending 

(cold) limb of a convection cell. If that is the case, then a 

positive gradient would be encountered by drilling deeper. 

The reversal could also indicate that the well had penetrated 

the edge of a geothermal s y stem and then drilled out of it into 

the cooler rock b e low. 

It is difficult to determine the reservoir c haracteristics of t h is 

g eotherma l system b ecaus e of the c ool i n g e f fect of the f luid 

fl owing up t h e we l lbore from 48 00 feet an d t he lack of s ub -
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stantial fluid and rock sample returns while drilling. Samples 

of warm formation fluid were obtained from 2455 to 4170 feet. 

However, it is not known whether these fluids exist in isolated 

fractures or in an interconnecting fracture system forming a 

liquid-dominated convective reservoir. 

The Bullion Canyon volcanics and Claron formation were not as 

thick as expected in the CFSU 31-33 well, and as a result, 

dolomite and dolomitic limestones were encountered above the 

water table. However, unlike the unconsolidated ("sanded") 

dolomite that occurred above the water table in the Forminco #1 

well, dolomite samples in the 31-33 well showed no signs of 

sanding. A minor dolomitic siltstone was present above the lost 

circulation zone at 1233-1270 feet where H2S was encounter~d, 

but it did not resemble the unconsolidated crystalline dolomite 

from the Forminco #1 well. The samples below that first lost 

circulation zone in the 31-33 well are hard, crystalline to 

aphanitic dolomitic limestones and dolomites. These dolomites 

are above the water table and show no signs of sanding. 
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Depth,ft 

2455 \ 138 

2825 79 

3720 155 

4170 102 

4800 ? 

Estimation of Subsurface Temperatures from 
the Silica Content of water from the Fla-{lme 

Discharge and Borehole Water Samples, CFSU 31-33 
Millard Co., Utah 

TABLE 1 

pH 

8.77 7600 5.0 15.0 9:1 105 77.5 

7.38 7655 5.4 22.0 9:1 171.4 25.5 

7.94 8000 5.4 26.0 9:1 211.4 64 

9.79 10,000 5.4 29.0 9:1 241.4 79 

7.44 1320 22.5 34.5 9:1 142.5 64.5 

284 254 

337 163 

362 237 

379 256 

316 237 
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2455 

2825 

3720 

4170 

4800 

Estination of Subsurface 'l'enlp2ratures fran the 
Einpirical Na-K-ca Geothe1:na:reter for Flowline 

Discharges and Borehole water Samples, CFSU 31-33 
Millard Co., Utah 

TABLE 2 

~.§ 
~~ H f:-' 

i; 
TDS Na K Ca 

138 7600 2530 423 5.6 

79 7655 2475 452 200 

155 8000 2916 465 62.4 

102 10,000 4000 443 14.4 

? 1320 355 56.2 74.4 

rg~ 
~ ~ (3 M i ,;:, • ~ Ii< 
~ ar6 I1O 

r:r:l 4-IZca. 

554 

482 

497 

495 

407 

,'~~ ~. 
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COVE FORT - SULPHURDALE #31-33 
MAXIMUM READING THERMOMETER TEMPERATURE SURVEYS 

TABLE 3 

TIME SINCE THERMOMETER 
DATE CIRCULATION STOPPED READING 

05-28-78 <30 min. 103°F 

06-02-78 <30 min. 108°F 

06-03-78 <30 min. 118°F 

06-04-78 <30 min. 120°F 

06-05-78 <30 min. 139°F 

06-05-78 <30 min. 138°F 

06-06-78 <30 min. 150°F 

06-15-78 15 min. 122°F 

06-16-78 15 min. 118°F 

06-27-78 15 min. 133°F 

06-28-78 12 hours 210°F 

06-30-78 15 min. 138°F 

07-04-78 1.3 hours 234°F 

07-05-78 1.2 hours 260°F 

07-08-78 2.2 hours 285-290°F 

07-08-78 14.5 hours 283°F 

07-10-78 5 hours 292-294°F 

07-10-78 2 hours 292-294°F 

07-10-78 10.5 hours 291-292°F 

07-10-78 18 hours 293°F 

07-17-78 19.5 hours 244-249°F 

!!J 

DEPTH 

262' 

445' 

608 ' 

733' 

899' 

987' 

1080' 

1332' 

1400 ' 

1945' 

2000' 

2354' 

3250' 

3625' 

4090' 

4440' 

4675' 

4700 ' 

4727 ' 

4735' 

5035 ' 



GEOCHEMICAL DATA 

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

Sample Information 

Source ......•......•.....•..... " .....••. Flowline 
Collection Date and Time ............••. 6-30-78, 1200 Hrs. 
Depth of Well at Time of Collection ...• 245S 
Temperature of Sample .... ~ ............. 138°F 
Date Analysis Begun ....•..•...•.....•.• Received by lab 7-11-78 

Turbidity 

Conductivity 

pH 

Alkalinity as CaC03 

Arsenic as As 

Bicarbonate as HC03 

Bariun as Ba 

Boron as B 

cadmiun as Cd 

calciun as ca 

carbonate as C03 

Chloride as Cl 

lS0.0 NrU 

11,700 umhos/cm 

8.77 Units 

7,600 mg/l 

836.0 mg/l 

0.970 mg/l 

888.16 mg/l 

_0_ .• 0_7_.-.:crrB/1 

O.lS mg/l 

0.004 mg/l 

S.60 mg/l 

64.8 mg/l 

3,440 mg/l 

Chromium as Cr ('Ibtal) <0.001 mg/l 

Chrc:mium as Cr (Hex) 

Copper as CD 

Surfactants MBAS 

Fluoride as F 

<0.001 mg/l 

0.065 mg/l 

<O.OS mg/l 

_~~~!~~.!l'J/1 

Lithium as Li 

'Ibtal Hardness as CaC03 

Iron as Fe ('Ibtal) 

Iron as Fe (Filtered) 

wad as Pb 

Magnesium as Mg 

Manganese as Mn 

Mercury as Hg 

Nickel as Ni 

Nitrate as N03-N 

Nitrite as N02-N 

Potassium as K 

Seleniun as Se 

Silica as Si02 

Silver as Ag 

Sulfate as S04 

Sodium as Na 

Zinc as Zn 

12.0S mg/l 

24.0 mg/l 

3,200 mg/l 

0.347 mg/l 

0.345 mg/l 

'2.40 mg/l 

0.249 mg/l 

<0.0002 mg/l 

0.685 mg/l 

0.04 ing/l 

<0.01 mg/l 

423.0 mg/l 

<0.001 mg/l 

77.50 mg/l 

0.026 mg/l 

272.0 mg/l 

2,530 mg/l 

0.084 mg/l 

'I j I 
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GEOCHEMICAL DATA 

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

Sample Information 

Source .••.•...•••...•.•••.••..•.••••.••• Flowline 
Collection Date and Time ..•.....••...•• 7-1-78,1100 Hrs. 
Depth of Well at Time of Collection •..• 2825 
Temperature of Sample •.•. ~ •... ..••..••• 79°F 
Date Analysis Begun ....•..••...•...••.• Received by lab 7-11-78 

Turbidity 260.0 NrU Lithium as Li 12.46 mg/l 

Conductivity 11,780 umhos/em 'Ibtal Hardness as Caco3 560.0 mg/l 

pH 7.38 Units Iron as Fe ('Ibtal) 8.786 mg/l 

TDS at 180°C 7,655 mg/l Iron as Fe (Filtered) 1.920 mg/l 

Alkalinity as CaC03 
394.0 mg/l Lead as Pb 0.350 mg/l 

Arsenic as As 0.379 mg/l Magnesium as Mg '14.40 mg/l 

Bicarbonate as HC03 480.68 mg/l Manganese as Mn 2.084 mg/l 

Bariun as Ba 0.29 rug/I Mercw::y as Hg <0.0002 mg/l 

Boron as B 0.30 mg/l Nickel as Ni 0.680 mg/l 

Cadmium as Cd 0.006 mg/l Nitrate asN03-N 0.03 tng/l 

Calciun as Ca 200.0 mg/l Nitrite as N02-N <0.01 mg/l 

Carbonate as C03 <0.01 mg/l Potassium as K 452.0 mg/l 

Chloride as Cl 3,550 mg/l Selenium as Se <0.001 mg/l 

Chrcmium as Cr ('Ibtal) <0.001 mg/I Silica as Si02 25.50 mg/l 

Chrcmium as Cr (Hex) <0.001 mg/l Silver as Ag 0.032 mg/l 

Cop~r as Cu 0.049 mg/I Sulfate as S04 720.0 mg/l 

Surfactants MBAS <0.05 mg/l sodium as Na 2,475 mg/l 

Fluoride as F 3.20 mg/l Zinc as Zn 0.231 mg/l 

'I 1 Ie . 
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GEOCHEMICAL DATA 

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

Sample Information 

Source ................................. Flowline 
Collection Date and Time ............... 7-5-78, 1200 Hrs. 
Depth of Well at Time of Collection .... 3720 
Temperature o~ Sample .... .............. 155°F 
Date Analysis Begun ..........•........• Rereived by lab 7-11-78 

Turbidity 200.0 NrU Lithium as Li 11.62 mg/l 

Conductivity 12 1 300 umhos/cm 'Ibtal Hardness as Cac03 188.0 mg/l 

pH 7.94 Units Iron as Fe ('Ibtal) 11.100 mg/l 

TDS at 180°C 8,000 mg/l Iron as Fe (Filtered) 8.660 mg/l 

Alkalinity as CaC03 210.0 mg/l Lead as Pb 0.345 mg/l 

Arsenic as As 1.131 mg/l Magnesium as Mg 7.68 mg/l 

Bicarbonate as HC03 256.2 mg/l Manganese as Mn 0.328 mg/l 

Bariun as Ba 0.16 mg/l M=rcury as Hg <0.0002 mg/l 

Boron as B 0.25 mg/l Nickel 'as Ni 0.688 mg/l 

Cadmium as Cd 0. 007 mg/l Nitrate as N03-N 0.02 mg/l 

Calciun as Ca 62.4 mg/l Nitrite as N02-N <0.01 mg/l 

Carbonate as C03 <0.01 mg/l Potassium as K 465.0 mg/l 

Chloride as Cl 3,410 mg/l Seleniun as Se <0.001 mg/l 

Chranium as Cr ('Ibtal) 0.048 mg/l Silica as Si02 64.0 mg/l 

Chranium as Cr (Hex) <0. 001 mg/l Silver as Ag 0.030 mg/l 

Copper as Cu 0. 077 mg/l Sulfate as S04 1,000 mg/l 

Surfactants MBAS <0. 05 mg/l Sodium as Na 2,916 mg/l 

Fluoride as F 2.90 mg/l Zinc as Zn 0.051 mg/l 
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GEOCHEMICAL DATA 

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

Sample Information 

Source .......................... ' ........ Flowline 
Collection Date and Time ............... 7-7-78,0600 Hrs. 
Depth of Well at Time of Collection .... 4170 
Temperature of Sample .... : ............. 102°F 
Date Analysis Begun .................... Received by lab 7-11-78 

. Turbidity 390.0 NrU Li thi un as Li 13.31 mg/l 

Conductivity 15,380 umhos/cm Total Hardness as CaC03 20.0 fij/l 

pH 9.79 Units Iron as.Fe (Total) 10.600 fij/l 

Iron as Fe (Filtered) O.lO~fij/l 

Alkalinity as CaC03 Lead as Pb 0.420 fij/l 

Arsenic as As Magnesium as Mg 3.36 mgll 

Bicarbonate as HC03 Manganese as Mn 0.016 fij/l 

Bariuu as Ba Iv'ercury as Hg 0.0007 fij/l 

I 

I 
I 
I 
I 
i 

I 
Boron as B 

10 ,000 fij/l 

1,440 fij/l 

5.707 fij/l 

658.8 fij/l 

0.47 mg/l 

0.50 fij/l 

0.045 fij/l 

14.40 mgl1 

540.0 fij/l 

Nickel as Ni 0.975 .~/{ -. , 

caChniun as Cd 

calciuu as ca 

Carbonate as C03 

Chloride as Cl 3,900 fij/l 

Chrcxnium as Cr (Total) 0.006 fij/l 

Chrcxniun as Cr (Hex) 

COPfer as Cu 

Surfactants MBAS 

Fluoride as F 

<0.001 fij/l 

0 .166 fij/l 

<0.05 fij/l 

3.60 fij/l 

Nitrate asN03-N 

Nitrite as N02-N 

Potassium as K 

Seleniuu as Se 

Silica as Si02 

Silver as Ag 

Sulfate as S04 

Sodium as Na 

Zinc as Zn 

<0.01 fig/1 . 

<0.01 fij/l 

443.0 fij/l 

0.007 fij/l 

79 . 0 fij/l 

0 . 037 fij/l 

760 . 0 ITB/l 

4, 000 ITB/l 

0 . 041 ITB/l 
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GEOCHEMICAL DATA 

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

Sample Information 

I' ~ 

LI 

Source ••.•.•..•.••••••••••••••• . ' ••••• Extract through inverted float sub 
into drill pipe 

Collection Date and Time ............. 7-20-78 
Depth of Well at Time of ~ollection .. 5221 
Temperature of Sample ................ -
Date Analysis Begun .................. 7-26-78 

Turbidity 80.0 NrU LiThium as Li 1.164 mg/l 

Conductivity 2,035 umhos/cm 'Ibtal Hardness as CaC03 266.0 mg/l 

pH 7.44 Units Iron as. Fe ('Ibtal) 2.154 mg/l 

TDS at 180°C 1,320 mg/l Iron as ~Fe (Filtered) 1.976 mg/l 

Alkalinity as CaC03 200.0 mg/l Lead as Pb 0.006 mg/l 
, 

Arsenic as As 2.991 mg/l Magnesium as 1>1g 19.20 mg/l 

Bicarbonate as HC03 244.0 mg/l Manganese as Mn 0.043 mg/l 

Barium as Ba 0.15 mg/l M3rcury as Hg <0.0002 mg/l 

Boron as B 0.20 mg/l-. .. Nickel as Ni <0.001 mg/l 

Cadmium as Cd 0.040 mg/l Nitrate as N03-N 0.45 illg/l 

Ca1ciun as Ca 74.40 mg/l Nitrite as N02-N <0.01 mg/l 

Carbonate as C03 
<0.01 mg/l Potassium as K 56.20 mg/l 

Chloride as Cl 502.0 mg/l Selenium as Se <0.001 mg/l 

Chrcmium as Cr ('Ibtal) <0.001 mg/I Silica as Si02 64.5 mg/l 

Chrcmium as Cr (Hex) <0. 001 mg/l Silver as Ag <0.001 mg/l 

COPfer as CU 0 . 914 mg/l Sulfate as S04 187.0 mg/l 

Surfactants MBAS <0. 05 mg/I Sodium as Na 355 . 0 mg/l 

Fluoride as F 1. 03 mg/l Zinc as Zn 0.104 mg/l 
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Well History 
Union Oil Company of California 

unl~n Hot Water 
TYPE WEL.L. 

(Geothermal) 
COMPANY 

Union Oil Company of California !sEC 33 J 25S ft 6W F SLM 
COUNTY 

r
WELL NO. 

31-33 
LEASE 

Cove Fort Sulphurdale Unit Millard 
LOCATION AREA 

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

the South ~ corner of Section 28; T25S, R6W, SLM 

I
PL.UG 

2600' I
T OT At.. DEPTH 

5221' 

ABAND. 

HOLE DEVIATION 

h 660' maximum possible 
a .... L. 

CASItlG RECORD WELL DATA 

SIZE ·r.15~: DEPTH IFt3 cmt W.S.D •• PERFS •• REMARKS iE.,,~.<=:: .. ,,~~ .... J.73.5.~ ... -: ... 5.2.o.7.~ ....... .. 
Jo.~~ ....... _ ........ S.4.1 ... ~.,.~ ..... ;1,9.0. ......................................................... _ .................................. P.,.p.~.T.E: ....... .l.1.3.S.I ... ::-.... 52Ql' ........ . 
).Q.~~ ................. ~.~Q.' ... ~~.I3.· ...... 7.f>.7 ................................................................................................. ~~.~.!':.~.~~~!<.'? ...................................... . 
. 1.:?::-}/8." ........ J,.7.}.3..~ .... ~!.J3 .... :2.s.~.? .................................................................................................. ~~::~~.':'.~ .................................................. . 
. _ ....... ~ ................... _ ............................. _ ................................................... _ ................................................... !=?~.Ii!:.~.t!-.~~:~:~.,.~ ................................ _ .... . 
'J.::-:.7/a .' .......... '}..':!.7.~.~ ... K,.~ ....... :7::: ............ B.@g.-tp.g .. ~.1JP.j,.M .................................................. p..~.'::~~ .... l:-.~.'!.'!'.~~ .................................... . 

. ...... - .. ' .. _ .................... - ............................... , ............................ ~- .................... -...................................................................................... . 

DATE DEPTH PROGRESS HISTORY 

• .. .. ;>::-: .. 2..4.:::-. ./ JL.... . ... N.Qy~.g .. j,l:l .. i'UJg ... .;r::,i..gg~g .. :\JP.:I:..Q:ff:I,c:ln.Cl ... 13J::'9.$., .. CQ .•. .;r::,j.g .. NQ, .. :>' .... 
TS'if'T ................................ J> . .l.aG~4. .... J::'i.g .. .Qn .. clg,yJ::'ate..q.t.1200 ... ho:\JJ::'.s .. , ...... 5::::.24-:-::.7.$... ... Mi~e.cl .... . 
.................... . ........................ ... ;!)mg .. , ......... p.J::'Jl..l..e..g .. J::'gJ;:, ... hQJg .. ang .. lliQ:\Js~ ..... hole ........ ~P.1J.¢lclgg .. ~§.'I ........................... .. 
..................... . .....................hole. ... with .. a26:~.p.ilot .... hole.,Qpe.ner ..... at .. ?O.'O.O ... ho:\JJ::'.s........ . ...... .. 
....................... . ......................... c.e.nt.~J::' .... p:\J.n.9.Jw¢l .. .hg:le .... fJ::'Qlli .. :>.2. .. ' ...... t..Q .... :?A .. ' .......... J&t.g .... qQw.n ... hQJ~ .................. . 

................................ ope..n.e.r. ........ Rg,n .. J,.7.-:-::1/2.'~ .. b.i:t ........................................................................................ .. 
..... , ..... ,., ......... , ................. , ......... , ............................................................. , .......................... , .. , ...................................................................................................................................................... . 
... 5.:::-.2.5.:::-..78 ...................... Dr.il1.e..cl ..... 1.7.:::-.1/211 ... hole ... fr.QID. ... .5A .. ' ... tQ. .. 7.9.., ........... Repai.re4..lli:\J.cl ................. . 

.... ............puffiP .......... Dr.i.1.l.e..cl ... 17:::-.1/2 .. II.ho.1e .... f.J::'QID79.' ... tQ.$6..', ...... CQ.n:tin:\J~q .. 
. .l.:J,.?}..' .. L ......................... pump repairs •... Unahle.to ... kee .p .. .hole ... c.le.an .... with ... oue.puffiP, ...... . 

::::::::::::.::::::::::: :::::::::::::::::::::::::: ::::~~~;,:.~~R~~~t~;:~::::~~~~:·:;~~i~~~~;.:$::~:~:~:~:~:~:~.:::~~.~::::~~:.::.~.~~:~:~:~:::::::::::::::::::::::::::::: . 
... .................................................... ... .......................... ......... , ............................................................................................................................................................................ . 

..5.:::-.26~~7 8... ...Continu.ecl.ID.1J4. ... p.1Jmp .. .repair.s, ........ Rc:l.n. .. .l.7:::-.l/.2.~~ ..... p.i .. t ..... 9,.1; .... 2..0.00 ............................ . 
...... ... hours , ..... £ollo.w.ing .. ,pump .... r.epair.s ........... Cl.e.aned ... Qu.t ... fil.I .. in ............................. . 

........ hole .... from ... l.Q.3 .. ' ...... t.o. .... 12.3 .. ' .......... .D.r.ille.d ... l7::::ll2.'.~ .... hQ.le .... J.rom .... l.2.:J .. ~ ..... .. .. [I,AA .. '.1 
... to .... l.44.' • 

....................... ........................ .......................................................... " ................................................................................................................ '" ..................................................................... . 

:'f2ii~Y ~:.::::::::::.:::::: ::::~~:~:~~~~:.:::~:~.::~<~.:':; .. ::::~~:.~:::::~~~~:::::~~:~:::::::::~.~:::.~:~:~:I:.:~.:::::::::::::::::: .. :::::::::.::::::::::::::::.:.:::::::::::::::::::::::::.::::::~. 
··5~·28-7 8- .. ·Drilled .. 17""112.'.' ..... hole.from.232 .. ' .... to .. .301.' ......... Opened .. l7.c-cl/2 " 

..... hole .... to ... 26.1
.' ..... hole ..... fr.om .... 5.2.' ..... to .... 77 .. 1 

........... Repaired .. lliud .... pump ..................... .. 

J301.lr~:~~~~~~7~~;~~~~~~=~~dt~~"~~~i~~~~~~~~·~~~~~~~~'~U~~~~~':I 
FOlm 3356 (Rev 6/67) 
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CFSU 31-33 
Well History 

5-29-78 
[301' ] 

5-30-78 
[301'] 

5-31-78 
[301'] 

6-01-78 
[315' ] 

6-02-78 
[507' ] 

6-03-78 
[711'] 

I' 

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' to 295'. Laid down 26" hole opener. 

Rigged up and ran 7 joints, 20", 94 lb. per foot, 
H-40, buttress casing, total 294'. Casing stopped at 
281'. Hung 20" casing with Halliburton Duplex Float 
shoe at 281'. Ran 9 joints, 4-1/2" drill pipe with 
Halliburton Duplex mandrel, stabbed into Duplex Float 
shoe. Circulated through float shoe to surface and 
conditioned mUd. Halliburton mixed and pumped 767 ft 3 
class "B" cement through drill pipe and shoe with 2% 
CaC12. Displaced cement slurry with 12 ft 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. Wai~ed on cement. Placed rig on 
repair time from 1600 hours to 2200 hours. cut off 
30" casing at 2200 hours. 

cut off 30" casing, and 20" casing. Welded on 20" -
2000 psi rated flange. Installed 20" Double Shaffer 
blow-out preventor and 20" Hydril "GK" blow-out preventor. 

Completed installation of blow-out preventor actuating 
lines. Installed choke manifold. Tested blind rams 
to 500 psi with water for thirty minutes. Tested Hydril 
"GK" with water to 500 psi for thirty minutes. Tested 
kelley cock to 800 psi. All tests were witnessed and 
approved by John Reeves, U.S.G.S. representative. Ran 
17-1/2" bit and drilling assembly. Drilled cement 
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. 

Repaired no. 1 pump. Ran 17-1/2" bit and drilling 
assembly with two added stabilizers. Drilled 17-1/2" 
hole from 315' to 507'. 

Drilled 17-1/2" hole from 507' to 674'. Repositioned 
shock sub in drilling assembly for better stabilization. 
Drilled 17-1/2" 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" bit, 
17-1/2" stabilizer, bit sub, 8" drill collar, and 
broken shock sub in hole. 
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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'] 

I· 

Page Three 

Ran 11-3/4" overshot with extension. Located and 
engaged fish. Recovered fish. Made up drilling assembly. 
Drilled 17-1/2" hole from 711' to 844'. 

Drilled 17-1/2" hole from 844' to 1040'. 

Drilled i7-l/2" hole from 1040' to 1236'. Lost circ­
ulation while drilling at 1236'. Drilled without 
returns from 1236' to 1241'. H2S alarms sounded, 
indicating 10 PPM H2S, Pulled out of hole. 

Ran open-end drill pipe to 1230'. Displaced lost 
circulation plug no. 1 through drill pipe as follows: 
375 ft 3 , 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 
circulation plug no. 2 through drill pipe as follows: 
350 ft 3 , class "B" cement with perlite in a 1:1 ratio, 
40% silica flour, 3% gel and 0.5% CFR-2. Cement in 
place at 2050 hours. Pulled out of hole. Waited on 
cement. Gas flow stopped for twenty minutes and slowly 
returned at a low flow rate. 

Ran drill pipe to 1241', no fill.J,ocated. 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 ft 3 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 H2S 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 ft 3 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 ft 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 hours. Ran drill pipe to 1230', 
no fill located. Mixed 100 bbls thick gel mud with 

[ 
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CFSU 31-33 Page Four 
Well History 

6-09-78 Continued-----

6-10-78 
[1252'] 

6-11-78 
[1257' ] 

25% lost circulation material, and displaced lost 
circulation plug no. 6 behind mud and LCM as follows: 
305 ft 3 class "B" cement with perlite in a 2:1 ratio 
with 40% silica flour and 3% gel. Cement in place at 
1400 hours. Pulled out of hole. Waited on cement 
5 hours. Ran drill pipe to 1230', no fill located. 
Displaced lost circulation plug no. 7 through drill pipe 
at 1230' as follows: 305 ft3 class "B" cement with 
perlite in a 2:1 ratio with 40% silica flour and 3% 
gel. Cement in place at 1915 hours. Pulled out of 
hole with drill pipe. Waited on cement. 

Ran drill pipe to 1230', no fill located. Pulled 
out of hole. Ran 17-1/2" drilling assembly to 1236', 
circulated with returns and cleaned out rocks and 
formation fill from 1236' ,to 1241'. Lost returns and 
drilled 17-1/2" hole from 1241' to 1252'. Lost 500 bbls 
drilling mud while drilling from 1241' to 1252' at a 20 
to 30 ft per hour rate. No evidence of torque, 
indicating fractures or running dolomite in the 11' of 
newly drilled hole. Pulled drilling assembly. Ran 
drill pipe to 1230'. Displaced lost circulation 
plug no. 8 as follows: 230 ft 3 class "B" cement with 
perlite in a 1:1 ratio with 40% silica flour, 3% gel 
and 15% lost circulation material. Cement in place 
at 0830 hours. Waited on cement 5 hours. No fill 
located. Displaced lost circulation plug no. 9 through 
drill pipe at 1230' as follows: 230 ft 3 class "B" cement 
with perlite in a 1:1 ratio with 40% silica flour, 
3% gel and 20 to 30% lost ~irculation 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 ft 3 class 
"B" cement with perlite in a 1:1 ratio with 40% 
silica flour, 3% gel, 20% lost circulation material and 
20% CaC12' 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 ft 3 

class "B" cement with perlite in a 1:1 ratio, with 40% 
silica flour, 3% gel, 2% -CaC1 2 and 20% lost circulation 
material. Cement in place at 2400 hours. 

waited on cement 4 hours. Ran drill pipe to 1230'. 
No fill located. Displaced lost circulation plug no. 12 
through drill pipe as follows: 210 ft3 class "B" cement 

!:J 
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CFSU 31-33 Page Five 
Well History 

6-11-78 Continued-----

6-12-78 
[1257'] 

6-13-78 

[1257'] 

with perlite in a 1:1 ratio with 40% silica flour, 
3% gel, 2% CaC12 and 20% lost circulation material. 
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 ft 3 HOWCO, Thix-Set 
cement, with 25 lbs Gelsonite per sack of cement and 
5 lbs Flo-Cele per sack of cement, .5 lbs nut plug per 
sack of cement and 2% CaC12. 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 wit4 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 3 class' "B" cement with 2% 
CaC12' 25 lbs Gilsonite per sack of cement, .5 lbs 
Flo-Cele per sack of cement and .5 lbs nut plug per 
sack of cement. Cement in place at 0115 hours. 
Pulled out of hole. Waited on cement 4 hours. Ran 
drill pipe and located top of cement at 1236'.- Pulled 
drill pipe to 1230'. Displaced lost circulation plug 
no. 15 through drill pipe as follows: 210 ft 3 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 pipe to 1230'. Displaced lost circul~tion plug 
no. 16 through drill pipe as follows: 86 ft class "B" 
cement with perlite in a 1:1 ratio, 40% silica flour, 
3% gel and 3% CaC12. Cement in place at 1400 hours. 
waited on cement. No fill up from plug no. 16. Dis­
placed lost circulation plug no. 17 through drill pipe 
at 1230' as follows: 200 ft 3 class "B" cement with 
perlite in a 1:1 ratio, 40% silica flour, 3% gel and 
3% CaC12. Cement in place at 2000 hours. Waited on 
cement. Pulled out of hole. 

Ran drill pipe to top of cement at 1221'. 
with mud. Ran 17-1/2" drilling assembly. 

Filled hole 
Drilled firm 
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6-13-78 Continued-----

6-14-78 
[1276' ] 

6-15-78 
[1400' ] 

6-16-78 
[1529'] 

6-17-78 

[1564'] 

cement from 1221' to 1247'. Lost mud returns ,at 1247'. 
Pulled out of hole. Ran drill pipe to 1230'. Dis­
placed lost circulation Pal ~ix plug no. 1 through 
drill pipe as follows: 90 ft Pal Mix 110-R, displaced 
with 100 ft3 H20. Waited 1 hours. No success in 
filling hole. Displaced additional Pal Mix plug no. 2 
as follows: 90 ft 3 Pal Mix 110-R, through drill pipe 
at 1230', displaced with 100 ft 3 H20. Waited 1 hour. 
No success in filling hole. Displaced no. 3 Pal Mix 
plug as follows: 90 f,t 3 Pal Mix 110-R, displaced with 
100 ft 3 H20. waited 1 hour. No success in attempting 
to fill hole. Displaced lost circulation plug no. 18 
through drill pipe at 1230' as follows: 125 cubic feet 
Gel-Gilsonite 1:1 ratio high viscosity mixture, followed 
by 235 ft 3 class "B" cement, sand and perlite, mixed 
in equal amounts. Displaced with 67 ft 3 H20. 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 circulation plug no. 19 through drill pipe as 
follows: 112 ft 3 H20 with 700 Ibs Pal Mix 110-R 
(Pal Mix plug no. 4). Waited 1 hour. Pumped 115 ft 3 
class "B" cement with sand and perlite in equal amounts. 
Displaced with 67 ft 3 H20. Cement in place at 1700 
hours. Pulled out of hole. Waited on cement 4 hours. 
Ran drill pipe. Located top of cement at 1230'. 
Filled hole with mud and mixed mud. Pulled out of hole. 

Ran 17-1/2" drilling assembly. Drilled firm cement 
from 1230' to 1261'. Drilled 17-1/2" hole from 1276' 
to 1400', with no fluid loss. 

Drilled 17-1/2" hole froJl.l 1400' to 1529'. Lost 60 bbls 
drilling mud at 1513'. 

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.O.H. Ran drill 
pipe to 1535'. Displaced lost circulation plug #20 thru 
drill pipe as follows: 95 ft 3 Pal Mix 110-R 
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6-17-78 Continued-----

6-18-78 
[1623'] 

6-19-78 
[1730'] 

6-20-78 
[1735'] 

6-21-78 
[1735'] 

(Pal Mix plug no. 5) displaced with 120 ft 3 H20. 
Waited 30 minutes. Displaced 115 ft 3 class "B" 
cement with perlite and sand in equal amounts. Dis­
placed with 92 ft 3 H20. Cement in place at 1945 
hours. Pulled out of hole. Waited on cement. 

Ran drill pipe. Located top of cement at 1487'. 
Pulled out of hole. Ran 17-1/2" drilling assembly. 
Drilled cement with full returns from 1487' to 1500', 
lost returns. Regained returns after pumping 500 bbls 
H20 into hole. Ran tools to 1564' with no restrictions. 
Drilled 17-1/2" hole from 1564' to 1623'. Lost 100 bbls 
mud while drilling from 1564' to 1623'. 

Drilled 17-1/2" hole from 1623' to 1730'. Lost 60 bbls 
mud from 1646' to 1656', 200 bbls mud from 1683' to 
1691' and 50 bbls mud from 1696' to 1720'. 

Drilled 17-1/2" hole from 1730' to 1735'. Circulated 
and conditioned hole for casing. 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 ft 3 Pal Mix 110-R (Pal Mix plug no. 6), displaced 
with 140 ft 3 H20, followed by 104 ft 3 class "B" cement 
with 2% CaC12, 25 lbs gilsonite per sack of cement, 
.5 lbs.Flo-Cele per sack of cement and .5 Ibs nut 
plug per sack of cement. Displaced with 112 ft 3 H20. 
Cement in place at 1415 hours. Pulled drill pipe to 
1229'. Waited one hour. Displaced lost circulation 
no. 22, 104 ft 3 class ~B" cement with 2% CaC1 2 , 25 Ibs 
gilsonite, .5 Ibs Flo-Cele per sack of cement and 
.5 lbs nut plug per sack of cement. Cement in place 
at 1630 hours. Waited on cement to 2000 hours. Ran 
drill pipe to 1732'. No fill located. Displaced lost 
circulation plug no. 23 through drill pipe as follows: 
112 ft 3 Pal Mix 110-R (Pal Mix plug no. 7), displaced 
with 134 ft3 H20. 

Waited 1 hour. Displaced remainder of lost circulation 
plug no. 23 through drill pipe at 1610' as follows: 
104 ft 3 class "B" cement with perlite in a 1:1 ratio 
with 40% silica flour, 3% gel and 0.5% CFR~2. Dis­
placed slurry with 112 ft 3 H20. Cement in place at 
0100 hours. Waited on cement. Pulled out of hole. 

II J ji 

I, ... J 



! 

CFSU 31-33 Page Eight 
Well History 

6-21-78 Continued-----

6-22-78 

[1735 1
] 

Ran drill pipe to top of cement at 1638'. Filled 
hole with 230 bb}s mud. Fluid level dropped out of 
sight after 10 minutes. Displaced lost circulation 
plug n~. 24 through drill pipe at 1550' as follows: 
104 ft Pal Mix 110-R displaced with 128 ft 3 H20 
(Pal Mix plug no. 8), followed after 1 hour by 101 ft 3 
class "B" cement, with perlite in a 1:1 ratio with 
40% silica flour, 3% gel and 0.5% CFR-2. Displaced 
slurry with 112 ft 3 H20. Cement in place at 1030 
hours. Waited on cement 4 hours. Ran drill pipe to 
1638'. No fill located. Displaced lost circulation 
plug no. 25 through drill pipe at 1580' as follows: 
145 ft 3 class "B" cement, with perlite in a 1:1 ratio, 
with 40% silica flour, 3% gel and 2% CaC12' Displaced 
with 112 ft 3 H20. Had mud returns to surface while 
pumping last 20 ft 3 of displacement H20. 

Pulled drill pipe. Ran 17-1/2" drilling assembly. 
Cleaned out (suspected cement stringers) from 1197' 
to 1515'. Drilled firm cement from ISIS' to 1580'. 
Passed through void from 1580' to 1638'. Cleaned 
out soft cement from 1638' to 1675'. Passed through 
void from 1675' to 1735'. No fluid loss experienced. 
Circulated and conditioned mud and hole. Pulled 
drilling assembly. Ran 45 joints 13-3/8" 54.5 lb/ft, 
K-55, buttress casing, total length less threads, 
1734'. Landed casing with Halliburton 13-3/8" float 
shoe at 1733', B&W insert float at 1697' and Halliburton 
"DV" collar at 1115'. Mixed and pumped 100 ft 3 H20, 
followed by 100 ft 3 H20 mixed with 70 Ibs

3
FR-20 flushing 

agent and silica flour, followed by 53 ft H2 0 mixed 
with 30 ft 3 sodium silicate, followed by 200 ft 3 H20 
through casing shoe at 1733'. Followed pre-flush with 
cement slurry as follows: 795 ft 3 class "B" cement 
with perlite in a 1:1 ratio, 3% gel, 40% silica flour 
and 0.5% CFR-2, followed by 326 ft 3 class "B" cement 
with 40% silica flour and 0.5% CFR-2. Displaced 
slurries with 1520 ft 3 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 ft 3 cement 
slurry to surface from above !lDV". 
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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 
H20, followed by 1611 ft3 class "B" cement, with Perlite 
in a 1:1 ratio, w,ith 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 
surface during stage #1 and partial returns to surface dur­
ing stage #2. 50 ft3 cement slurry estimated to surface 
during second stage. W.O.C. 4 hours. Removed B.O.P. IS. 

Cut off 20" casing and 13-3/8" casing. Located top of 
second stage cement at 180' in annulus between 13-3/8" 
and 20" casing. Filled annulus to surface with 95 ft3 
class "B" cement with Perlite in a 1:1 ratio, 40% 
Silica Flour, 3% Gel and 0.5% CFR-2, all pumped through 
1" pipe. Inst~lled 12" - 900 series S.O.W. casing head. 

Installed 12" - 900 series Double Shaffer and Hydril 
"GK" B.O.P.'s and banjo box. Installed choke manifold 
and kill and choke lines.· Tested B.O.P. IS, pipe rams, 
blind rams and Hydril to 1500 psi for 30 minutes. 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. Drilled through Halli­
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 
1735'. P.O.H. Ran bit #7 on 12-1/4" drilling 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. Rigged up to air drill. 

Installed Grant rotating drilling stripper. Ran 12-1/4" 
drilling assembly to 2000'. Ran temperature survey (#1) 
after hole static for 12 hours, indicating 210 o P. Pulled 
and magna fluxed drilling assembly. Continued to install 
air drilling equipment. 
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Ran 12-1/4" drilling assembly to 2019', no obstructions. 
Circulated with 195 psi air pressure through drill pipe. 
No fluid indicated to be in hole. Injected 200 gpm 
H20 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
mittent returns of water and drill cuttings to surface 
from 2151' to 2322'. 

Drilled 12-1/4" hole from 2322' to 2672'. Had inter­
mittent fluid returns to surface with drill cuttings 
while drilling from 2322' to 2350'. No returns to 
surface while drilling below 2550'. No filIon bottom. 

Drilled 12-1/4" hole from 2672' to 2920' with aerated 
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. 

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

Laid down all tools. Ran in hole with 12-1/4" drilling 
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' to 3161'. Received some inter­
mittent heads of cold water, 50°F, while drilling from 
2920' to 3161'. 

Drilled 12-1/4" hole from 3161' to 3348'. Surveyed at 
3250', 234°F temperature after 80 minutes. Drilled 
12-1/4" hole from 3348' to 3550'. Had intermittent 
returns to surface at temperatures ranging from 50°F to 
17PF. 

Drilled 12-1/4" hole from 3550' to 3728'. Changed bit. 
Mixed sodium nitrate for corrosion control. Drilled 
12-1/4" hole from 3728' to 3765'. Corrosion rates 
indicated to be severe as indicated by rings contained 
within the drill collars. Indicated 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 drilling from 3950' to 4070'. 
Water volume injected with air stream approximates 
slightly more than that returning to surface. 

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

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'. 

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 fill while 
pumping aerated water from 4494' to 4636'. Drilled 12-1/4" 
hole from 4636' to 4794'. Had very fast drilling from 
4782' to 4794'. Hole cleaning impossible with recurring 
fill from 4782' to 4794'. One air compressor failed. 

1: J .. I 
1 
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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 jet subs from drilling 
assembly. 

Ran '12 - 1/4" drilling assembly. Washed out fill from 
4800' to 4826'. Drilled 12- 1/4" hole ,from 4826' to 
4882', while pumping only wate r through bit . No fluid 
returns to s urfa c e. A possible formation change was 
indicated at 4853' and on e foot voids at 4852' and 4858'. 
P.O.H . Placed jet subs in drilling a ssembly , 385' a nd 
950 ' a bove bi t . R.I . H. Cl eane d out fill f r om 4 785' 
to 4847 ' with aera ted water. Una ble to ke ep hole clean 
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7-14-78 
[5009' ] 

from 4832' to 4847'. No fluid returns to surface. 
Pulled assembly up 315' and attempted to circulate 
with air only. Fluid flowed back through drill pipe, 
100% water, for 25 minutes, indicating a fluid level. 
P.O.H. Removed jet subs. 

Ran 12-1/4" drilling assembly to top of fill at 4785'. 
Cleaned out fill from 4785' to 4882' while pumping 
only water through bit, with no returns to surface. 
Drilled 12-1/4" hole from 4882' to 4958'. PUlled bit to 
4785'. Replenished 'water supply. R.I.H. to 4890'. 
Cleaned out fill, pumping water, from 4890' to 4950'. 
Stuck pipe and tools. Worked pipe and tools free after 
90 minutes. Cleaned out to 4958'. Drilled 12-1/4" 
hole from 4958' to 5009' while pumping only water 
through bit, with no returns to surface. Pulled drill 
string to 4270'. Waited on water trucks to replenish" 
supply. 

R.I.H. to 4910', with drilling assembly. Pumped water 
down drill pipe and washed to 4950'. Mixed and pumped 
a modified formation consolidation treatment through 
the 12-1/4" bit at 4930' as follows: 76 bbls sodium 
silicate - calcium chloride solution. PUlled bit to 
4785'. Pumped an additional, 76 bbls, modified forma­
tion consolidation treatment through the 12-1/~" 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 .it3 , 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 ft3 H20. Pulled drill 
pipe to 4170' 0 

Waited two hours. Located top of cement plug at 4840', 
with drill pipe. Displaced lost circulation plug #27 
through drill pipe hung at 4833', as follows: 125 ft3 
class "B" cement with Perlite in a 1:1 ratio with 40% 
Silica Flour, 3% Gel and 0.5% CFR-2. Displaced slurry 
with 369 ft3 H20. C.I.P .. at 0300 hours. Pulled drill 
pipe to 4475'. Waited five hours. Ran drill pipe to 
obstruction 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 ~805' 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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7-14-78 Continued -

7-15-78 
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[5121'] 

7-18-78 
[5221' TD] 

7-19-78 
[5221' TD] 

fill from. 4935' to 5009'. No fluid returns to surface 
while drilling and/or cleaning out. 

Drilled 12-1/4" hole while injecting water with both mud 
pumps, from 5009' to SOlS', with no fluid returns to the 
surface. Had filIon bottom 4979' to 5009'. P.O.H. 
with drilling assembly. R.I.H. with Christensen 8-3/4" 
x 6-3/4" diamond core bar:rel to 4985'. Washed through 
fill from 4985' to 5015'. Cored from 5015' to 5018'. 
Core barrel jammed •. Pulled core barrel. 

Recovered 8" of highly fractured dolomite from core 
barrel, Core #1. Re-ran core barrel. Washed thro~gh 
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' td 5068' while pumping water 
through drill pipe with no returns to surface. 

Drilled 12-1/4" hole from 5068' to 5121' while pumping 
water through drill pipe with no returns to surface until 
water supply temporarily exhausted. Pulled bit to 1720'. 
Four trucks continued to haul water. Ran bit to obstruc­
tion at 5040'. Ran #6 temperature and deviation survey 
at 5035', indicating a 13°15' angle and a 249°F tempera­
ture after 19-1/2 hours with no fluid injectio~. 

Pumped water down drill pipe. 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 indicated 
276°F, 279°F and 282°F. Formations were indicated from 
logs as follows: Pennsylvanian Dolomite; surface to 
2770'; Triassic Redbeds, 2770' to 4782'; Permian Dolo­
mite, 4782' to 5221'. 

Ran Schlumberger DIL-8 Log from 5207' to 1735', with 
maximum reading thermometers indicating 282°F, 281°F 
and 276°F. Ran Schlumberger CNL-FDC Log from 5206' 
to 1735' and a repeat log section from 2000' to 1735'. 
Three, Maximum reading thermometers indicated 278°F. Re­
ran Schlumberger Temperature Log with replacement read­
out panel, that indicated a malfunction of the #1 or first 
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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 to 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. H20. 
C.l.P. at 2000 hours. No fill from plug #28. 

Pulled drill pipe to 5009'. Displaced cement abandon­
ment plug #29 through drill pipe as follows: 139 ft3 
class "B" cement with Perlite in a 1:1 ratio, with 40% 
Silica Flour, 3% Gel, 0.5% CFR-2 and 50# cedar pulp. 
Displaced slurry with 364 ft3 H20. C.l.P. at 0100 hours. 
W.O.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 ft3 H20. C.I.P. at 0700 hours. 
Pulled drill pipe to 4350'. W.O.C. Pumped modified 
formation consolidation treatment through drill pipe at 
5009' consisting of sodium silicate and calcium chloride, 
followed by cement abandonment plug #31 as follows: 
162 'ft3 class liB" cement with Perlite, 40% Silica Flour, 
3% Gel; and 0.5% CFR-2. Displaced slurry with 300 ft3 

H20. C.I.P. at 144'5 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 ft 3 class "B" cement with Perlite 
in a 1:1 ratio with 40% Silica Flour] 3% Gel and 0.5% 
CFR-2. Displaced slurry with 300 ft H20. C.l.P. at 
2400 hours. 

Pulled drill pipe to 1700'. W.O.C. Ran drill pipe to 
5009'. No fill from plug #32. Displaced 100 bbls gel 
and lost circulation material through drill pipe, follow­
ed by cement abandonment plug #33 ,as follows: 
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162 ft 3 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 H20. C.I.P. at 0945 hours. P.O.H. 
Ran 12-1/4" drilling assembly to 5011'. No cement fill 
up from plug #32. P.O.H. Ran Halliburton 13-3/8" 
EZSV plug to 1608' on drill pipe. Plug stuck. Released 
from plug. P.O.H. 

Ran 12-1/4" drilling assembly. Drilled and pushed plug 
down the hole from 1608' to 4947'. P.O.H. Ran drill 
pipe to 4935'. Displaced cement lost circulation plug 
#34, through drill pipe as follows: 84 ft 3 class "B" 
cement with 15# Gilsonite per sack of cement and .25# 
Flo-Cele per sack of cement. Displaced slurry with 
397 ft3 H20. ~.I.P. at 1445 hours. P.O.H. Waited 
four hours. Ran drill pipe to 4937', located top of cement' 
plug#34.Displaced cement abandonment plug #35 through 
drill pipe at 4935' as follows: 82 ft3 class "B" cement 
with 15# Gilsonite per sack cement and .25# Flo-Cele 
per sack of cement. Displaced slurry with 385 ft 3 H20. 
C.I.P. at 1930 hours. P.O.H. R.I.H. with Halliburton 
13-3/8" EZSV plug #2 on drill pipe. 

Set 13-3/8" EZSV at 4750'. Displaced cement aband~nment plug 
#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 with 352 ft 3 H20. 
C.I.P. at 0145 hours. P.O.H. W.O.C. Ran drill pipe to 
bridge plug, no cement fill. Displaced cement abandonment 
plug #37 through drill pipe at 4742' as follows: 150 ft3 
class "B" cement, with Perlite in a 1:1 ratio, 40% Silica 
Flour, 3% Gel and 0.5% CFR-2. Displaced slurry with 
355 ft3 H20. 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 Halliburton equipment. 

Displaced cement abandonment plug #38 through drill pipe 
at 4745' as follows: 221 ft3 class "B" cement with Per­
lite in a 2:1 ratio, 40% Silica Flour, and 3% Gel. Dis­
placed slurry with 347 ft3 H20. C.I.P. at 0100 hours. 
P.O.H. No cement fill from plug #38. Displaced cement 
abandonment plug #39 through drill pipe at 4745' as 
follows: '71 ft 3 class liB" cement with 15# Gilsonite 
per sack of cement and .25# Flo-Cele per sack of cement. 
Displaced slurry with 340 ft3 HZO. C.I.P. at 0845 hours. 
Waited four hours. Ran drill plpe to 4728' top of 
cement. P.O.H. Ran Hallilmrton 13-3/8" EZSV plug #3 
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CFSU 31-33 Page Sixteen 
Well History 

7-24-78 Continued -

7-25-78 
[5221' TD] 

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

7-27-78 

[2600' PBD] 

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 ratio, 
40% Silica Flour and 3% Gel, followed by 218 ft3 
class liB" cement with Perlite in a 1:1 ratio, 40% Silica 
Flour, 3% Gel and 0.5% CFR-2 pumped through and below 
EZSV plug. Displaced slurry with 230 ft 3 H20. Pulled 
setting tool out of 13-3/8" EZSV to 2740'. Displaced 
cement abandonment plug #41 through drill pipe as follows: 
62 ft 3 class liB" cement with 40% Silica Flour, 3% Gel 
and 0.5% CFR-2. Displaced slurry with 202 ft3 H20' 
C.I.P. at 1800 hours. Laid down 62 joints of drill pipe. 

Ran drill pipe to 2750', top of EZSV, no cement fill. 
Displaced cement lower zone abandonment plug #42 through 
drilJ.. pipe at 2740' as follows: 75 ft3 class "B" cement 
with 40% Silica Flour, 3% Gel and 0.5% CFR-2. Displaced 
slurry with 200 ft3 H20. C.I.P. at 0100 hours. P.O.H. 
Ran drill pipe and located obstruction at 2574'. P.O.H. 
Ran 12-1/4" bit and drilling assembly. Drilled cement 
from 2574' to 2745'. P.O.H. Pushed Halliburton 13-3/8" 
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 ft 3 H20. C.I.P. at 2130 hours. 
P.O.H. 

Ran drill pipe and located top of cement at 2552'. P.O.H. 
Ran 12-1/4" drilling assembly to firm cement at 2552'. 
Drilled firm cement to 2600'. Laid down 88 joints drill 
pipe and drill collars. Disassembled B.O.P. 's and 
allied equipment. 

Continued to disassemble B.O.P. 'so Installed 12" 900 
series x 6" 900 series tUbing landing head. Ran 85 
joints 2-7/8" EUE 8RD thread tubing. Bottom joint of 
tubing oran'ge 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. 

~r 
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CFSU 31-33 

CASING DETAIL 

NO. 
JTS. DESCRIPTION 

1 

1 

7 

7 

16 

29 

45 

1 

84 

85 

30" CASING 

30", 3/8" Wall H-40 Casing 

20" CASING 

20" HOWCO Duplex Float Shoe 
20", 94#/ft H-40 Buttress Casing 

Total: 
Landed Above Zero or KB 

13-3/8" CASING 

13-3/8" HOWCO Float Shoe 
13-3/8", 54.50#/ft K-55 Buttress Casing 
13-3/8" HOWCO "DV" Cementer 
13-3/8", 54.50#/ft K-55 Buttress Casing 

Total: 
Landed Above Zero or KB 

Cut Off RKB to Casing Head 

12" - 900 Casing Head to Shoe 

2-7/8" TUBING 

2-7/8" EUE 8RD Tubing with Slots and 
Bullnose with 3/4" Hole 
2-7/8" EUE 8RD K-55 Tubing 

Total: 
Landed in Tubing Hanger Below 

Zero or KB 

~Jbing Head to Bottom of Slotted 
Joint 

RKB to Cellar Floor 
RKB to Ground Level 
RKB to 12" Casing Head 

. LENGTH 
FEET 

27.50 

2.10 
289.90 

292.00 
12.00 

280.00 

2.05 
614.85 

3.35 
1112.95 

1733.20 
.20 

1733.00 
23.00 

1710.00 

BOTTOM 
FEET 

52.00 

280.00 
277 .90 

1733.00 
1730.95 
1116.10 
1112.75 

24.00' 
.20.00' 
.22.50' 

TOP 
FEET 

Cellar Floor 

277 .90 
-0-

1730.95 
1116.10 
1112.75 

-0-

29.42 2579.53 2550.11 

2529.11 

2558.53 
21.00 

2550.11 -0-

r 
L 
I 
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Cove Fort Sulphurdale Unit Well #31-33 

DEVIATION SURVEYS 

TEMPERATURE 
MEASURED DRIFT TRUE MAXIMUM POSSIBLE MAXIMUM-READING 

DEPTH ANGLE VERTICAL DEPTH COURSE DEVIATION THERMOMETER 

140' 0°30' ·139.99' 1.22' 

262' 0°45' 161. 99' 2.82' 103°F 

445' 1°15' 444.94' 6.81' 108°F 

608' 1°45' 607.86' 11. 79' 118°F 

733' 1°00' 732.85' 13.97' 120°F 

899' 1°45' 898.77' 19.·04 ' 139°F 

987' 1°00' 986.75' 20.58' 138°F 

1080' 1°30' 1079.72' 23.01' 150°F 

1332' 5°00' 1330.76' 44.97' 122°F 

1400' 4°30' 1398.55' 50.31' 118°F 

1587' 4°30' 1584.98' 64.98' 

1800' 5°45' 1796.91' 86.32' 

1945' 4°45' 1941.41' 98.33' 133°F 

2354' 6°00' 2348.17' 141.08' 138°F 

2731' 6°00' 2723.10' 180.49' 

3250' 8°00' 3237.05' 252.72' 234°F 

3625' 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 

**5221'T.D. 13°15' 5164.75' 659.68' 

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

i3°15' ·was used to extrapolate to total depth. 



COVE FORT SULPHURDALE UNIT #31-33 

FISHING OPERATIONS 

Overview 

It was necessary to carry out fishing operations twice during 

the drilling of CFSU #31-33. Both instances were caused by a 

parted shock sub. In both cases the fish was retrieved with-

out difficulty. 

Fishing Job #1 

Well Depth: 711' 

Date: 6/03/78 

Cause: Parted Shock Sub 

Results: Fish Recovered with an Overshot 

While drilling 17-1/2" hole through andesite at 711' I the shock 

sub failed, parting in the spline. The top of the fish was 

located at 662'. The fish consisted of a 17-i/2" bit, 17-1/2" 

stabilizer, bit sub, 8" drill collar and ~he lower portion of 

the shock sub. An 11-3/4" overshot fishing tool with an extension 

was run and engaged and recovered the fish on the first try. 

I 
I 
I 
I 
I 
1 



CFSU #3l-33/Fishing Operations 

Fishing Job #2 

Well Depth: 2920' 

Date: 7/01/78 

Cause: Parted Shock Sub 

Results: Fish Recovered with an Overshot 

Pg 2 

While drilling 12-1/4" hole through siltstone and sandstone 

at 2920', the shock sub failed, parting at the mandrel. The 

top of the fish was located at 2876 1
, and it consisted of 

a 12-1/4" bit, 12-1/4" stabilizer, bit sub, drill collar stabiliz­

er, and the shock sub mandrel. An 11-3/4" Bowen overshot fish­

ing tool was ru~ in the hole, and engaged with the mandrel. 

It was not possible to pullout the fish after circulating 

through it with aerated water and intermittent returns to the 

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

of the hole. Jars and a bumper sub had reached the location 

since going into the hole with the fishing tool the first time. 

These tools were installed above the overshot, and then the 

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

and jarred free, recovering the entire fish. 
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DATE 

7/18/78 

7/19/78 

7/19/78 

5/24/78 

to 

7/24/78 

COVE FORT - SULPHURDALE .#31-33 
I 

LOGGING DATA (*) 

TYPE OF LOG RUN 

Schlumberger 

Temperature Log (malfunction 
suspected) 

[two maximum reading thermo­
meters run simultaneously] 

Dipmeter and Four Arm Caliper 
[three maximum reading thermo­
meters run simultaneously] 

LOGGED INTERVAL 

0' - 4858' 

5207' - 1735' 

Dual Induction - Laterolog . 5207' - 1735' 
[three maximum reading thermo-
meters run simultaneously] 

Compensated Neutron - Formation 5206' - 1735' 
Density 
[three maximum reading thermo­
meters run simultaneously] 

Temperature Log 0' - 4858' 

. Geotex 

Temperature, Spinner and Water 
Aquifer Log 

Radioactive Tracer and" Spinner 
Log 

R. F. Smith Corporation 

Geothermal Data Log (includes 
engineering data related to 
drilling, geological, and other 
data) 

0' - 4858' 

0' - 4858' 

52' - 5221' 

TOTAL 
DEPTH 

4858' 

5207' 

5207' 

5206' " 

4858' 

4858' 

4858' 

5221' 

(*) Copies of all these logs will be supplied with the Technical 
Report. 

r 
I 
I 



COVE FORT - SULPHURDALE #31-33 

MAXIMUM 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± 4700'± 

5 hours 294°F± 4700'± 

10~ hours 293°F± 4700'± 

18 hours 293°F± 4700'± 

7/17/78 19~ hours 249°F 5035' 

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

I 
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COVE FORT SULPHURDALE UNIT #31-33 

CEMENTING OPERATIONS 

Introduction 

Two major kinds of cementing operations were carried out during 

the drilling of CFSU #31-33. The first type of operation in­

volved attempts to seal off lost circulation zones to enable 

casing to be set and competently cemented, and the abandonment 

of the well. The second type of operation was the cementing of 

the 20" and 13-3/8" c~sing strings. 

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

separate plugs while attempting to plug lost circulation zones. 

These efforts occupied approximately 21 days of rig time, and 

accounted for a total cost of approximately $320,000. These 

efforts are discussed below. 

The cementing of the 20" and 13-3/8" casing strings required 

an additional 3594 ft3 cement. These efforts are described in 

a separate section below. 

Lost Circulation- Conirol ~fforts 

A significant amount of effort was required in attempting to 

plug lost circulation zones prior to running the 13-3/8!! casing. 

These efforts were necessary in order to ensure that the 17-1/2" 

x 13-3/8" annulus would contain a column of cement without loss 



. CFSU #3l-33/Cementing Operations Pg 2 

to the formation. In the lower part of the hole efforts were 

aimed at plugging it back to 2600' (abandonment of the lower. 

section). Table 1 presents a comprehensive description of all 

cement operations carried out while attempting to control lost 

circulation in CFSU #31-33. Table 2 presents a summary and 

description of cement additives used on CFSU #31-33. 

Cement of API classification, "Class B", was employed in all but 

one instance. This Portland cement is intended for use from 

surface to a depth of 6000' when conditions require moderate 

to high sulfate resistance. One cement,plug (#13) used Halli­

burton Thix-Set Cement. This cement forms a thixotropic slurry 

which is designed to rapidly develop high viscosity and gel 

strength when in a static state. These properties make the 

cement particularly suited for plugging the highly fractured or 

vugular zones encountered in CFSU #31-33. However, great care 

is required in order to prevent cementing the drill pipe into 

the hole. 

Eight plugs of a patented water/polymer lost circulation com­

pound were also used with limited success while attempting to 

control the lost circulation condition. This compound, Pal 

Mix 110-R, is a specially processed material which 

remains a nonviscous slurry for about 45 minutes after mixing, 

and then sets into a tough plastic plug. 

Table 3 summarizes cementing operations associated with running 

. casing. The 30" casing was cemented in place using ready mix 



CFSU #31-33/Cementing Operations p~ 3 

cement poured between the 30" casing and the hole wall prior 

to the start of drilling operations. 

The 20" casing was successfully cemented through drill pipe 

engaged with the 20" duplex casing float shoe to reduce the 

volume of cement required, allowing additional cement to be 

added. The 13-3/8" casing was successfully cemented in two 

stages to reduce the hydrostatic head or pressure on the 

formation allowing the first stage to partially set and support 

the weight of the second stage thereby reducing the chance of 

fluid loss to the for~ation. While waiting on cement after 

the second stage, cementation, the cement level in the 13-3/8" x 

20" annulus fell 180'. This annulus was filled with cement 

using I" pip~ inserted into the void. 
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TABLE 2 

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

--------
FUNCTION OF ADDITIVE 

ADDITIVE DESCRIPTION LIGHTEN ACCELERATE CONTROL REMARKS 

SLURRY SETTING LOST 
I WEIGHT TIME CIRCULATION 

- , 

i 

Perlit;e (expanded) treated volcanic X absorbs water under high 
material pressure 

I 
I -

Silica. Flour finely powdered prevents loss of strength 
silicon dioxide at high temperatures 

I 

I Gel Wyoming-type X X increases suspension of 
I bentonite particulate additives; 
I maintains even distribution of I 

t COC1
2
---

other,additives; 
reduces slurry weight 

in powder or X accelerates early strength 
flake form 

I 
1---
! CFR-2 (*) a napthalene X a cement dispersant to 
I 

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 

Flo-Cele (*) cellulose 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 CE~illNTING OPERATIONS 

CASING HOLE DEPTH OF CASING FLOAT 
DATI; SIZE SIZE OPEN HOLE SHOE AT ----
12/i'7 30" 36" 32' G.L. 32' G.L. 

5/30/78 20" 26" 289' K.B. 280' K.B. 

6/22/78 13-3/8" 17-1/2" 1735' K.B. 1733' K.B. 

CFSU #31-33 

OTHER CASING 
ACCESSORIES MATERIAL INJECTED COMPOSITION VOLUME 

cement slurry .ready mix 3~ yd3 

cement slurry 

displacement 
fluid 

Insert float Flush #1 
coJ,lar at 
1697'. 

Multiple-stage 
"DV" cement­
ing collar at 
IllS' 

Flush #2 

Flush #3 

Flush #4 

cement 

·class "B" 7~7ft3 
cement 
2% CaC12 by 
weight 

'drilling mud l2ft3 

-water 100ft3 

• water 100ft3 
FR-20 flush- 70# 
ing agent 
and Silica 
Flour 

• water 53ft3 
sodium sili- 30ft3 
cate 

·water 200ft3 

REMARKS 

Bill Martin Rathole 
Service 

80% .excess volume 

injected through 4~" 
drill pipe stabbed 
into shoe. Good 
cement returns to 
surface. Located 
cement at 272'. 
Theoretical 'Cement 
location = 274.3'. 

Begin Fi'rst Cementing 
Stage 

~. 
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SUIlllnary of Casing Cementing Operations - CFSU #31-33 

DATE: 
CASING HOLE 

SIZE SIZE ----
DEPTH OF 
OPEN HOLE 

CASING FLOAT OTHER CASING 
SHOE AT ACCESSORIES MATERIAL INJECTED 

cement slurry 
followed by 
wiper plug 

displacement 
fluid 

Flush #1 

cement slurry 

displacement 
fluid 

Page Two 

COMPOSITION VOLUME REMARKS 

·class "B" 795ft3" 70% excess volume 
cement, 1:1 
Perlite, 40% 
Silica Flour, 
0.5% CFR-2 

• drilling 
mud 

'water 

-same as 
first stage 

-drilling 
mud 

1520ft3 Did not bump top 
cement plug on in­
sert float collar. 
Theoretical dis­
placement volume to 
bump = 1473ft3 • . 

168ft3 

1611ft3 

977ft3 

Opened "DV" collar and 
circulated cement 
throu5h it. Received 
392ft cement slurry 
from above "DV" collax; 
Theoretical excess 
volume = 331ft3 • 

Circulated mud through 
"DV" collar four hours 
without fluid loss. 

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 return s = 
746ft3 . 93% of excess 
lost to formation. 

Cement level in annulus 
fell 180' while wait-
ing on cement. Fill~d 
with cement using l' pipe. 

Located top of cement 
in casing at 1697'. 
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CFSU 131-33 I LOST CIRCULATION CONTROL EFFORTS 
TABLE 1 

DEPTH OF PLUG 
PLUG OPEN HOLE OEDP @, VOLUME PERLITE 

__ ~D~A~T~E~ ____ S~ITU~A~T!I~O~N------------------~N~O~'C-----~!~FT~~.------__ -,FT~·~. ______ ~F~T~3~ ______ -"MA~TE~R~I~A~LO---------~C~E~ME~CNT~_TY~P~E"-. ____ -'By WT.CMT. 

6/07/78 

6/08/78 

6/09/78 

6/10/78 

6/11/78 

6/12/78 

6/13/78 

6/14/78 

6/15/78 

Lost circulation at 
1236, hole producing H2S 

Lost circulation in 
17l::!" hole 

US E T11e 

I / X n (bfres' 
:3- fdye 5 e~, c..h 

polymer Plug :In 

polymer Plug *2 

polymer Plug #3 

Lost circulation at 
1276, polymer Plug #4 

Lost circulation at 
1564 , polymer Plug #5 

1 
2 

3 

4 
5 

6 

7 

8 
9 

10 
11 

12 
13 

14 

l' 
16 
17 

18 

19 

20 

1241 

1252 

1257 

1247 

124 7 

1247 

1247 

1276 

1564 

1230 
1230 

1230 

1230 
1230 

1230 

1230 

1230 
1230 
1230 
1230 

1230 
1241 

1230 
1230 
1230 
1230 

12JO 

1230 

1230 

1230 

1260 
1260 

1535 

1535 
1535 

375 
350 

112 
240 
125 
225 

561 
305 
301) 

230 
230 
210 
210 

210 
166 

166 
210 

86 
200 

90 
100 

90 
100 

90 
100 
125 
235 
67 

112 
115 

95 
120 
115 

92 

cement 
cement 

thick gel mud 
cement 
cement 
cement 

thick gel mud 
cement 
cement 

cement 
cement 
cement 

cement 

cement 
cement 

cement 
cement_ 
cement 
cement 

Pa l Mix 110R 
water 
Pal Mix HOR 
water 
Pal Mix 110R 
water 
high vise. pI ug 
cement 
water 

water 
cement 

Pal Mix llOR 
water 
cement 
water 

Class "8" 

Class "B" 

Class "B" 
Class "B" 
Class "B" 

Class "B" 
Class "B" 

Class "B" 
Class "B" 
Class "B" 

Class "B" 

Class "R" 
HOWeO, Thix-Set 

Class "B" 

Class "8" 
Class "8" 
Class "s" 

Class "S", 1/3 

Class "B " 

Class "B" 

1,1 
1:1 

1,1 
1,1 
1,1 

2:1 
2,1 

1,1 
1,1 
1, 1 
1 ,1 

1,1 

1:1 
1:1 
1: 1 

1 ,1 

1,1 

1:1 

SILICA 
FLOUR 

BY WT.CMT. 

40, 
40% 

40% 
40' 
40, 

40' 
40. 

40' 
40' 
40, 

40' 

40% 

40' 
40. 

40' 

GEL 
BY WT.CMT . 

3' 
3' 

3' 
3' 
3, 

3% 

3' 

3% 

3' 
3. 
3% 

3' 
3' 
3% 

50% 

CFR-2 
BY WT.CMT. 

0.5\ 
0 .5\ 

0.5% 
0.5% 
0 . 5% 

0 .5\ 

FLO-CELE NUT PLUG 

LB/SK ~~ ' . . __ __ ~.!?!. CMT. 

0.5 0 .5 

0.5 0 .5 

CaCl2 
BY WT.CMT. 

20% 

" 
2% 

" 

LCM 
BY WT.CMT. 

15% 
IS' 

25% 

15% 
25% 
20, 
20% 

20% 

GILSONlTE 
LB/SK CMT. 

25% 

25' 

50, 

TIME BEFORE 
OTHER NEXT OPERATION 

Sand 1:1 

100# Pal Mix 110R 
Sand 1: 1 

Sand 1:1 

5 hrs 
5 hrs 

o 
5 hrs 
5 hrs 
3 hrs 

o 
5 hrs 
5 hrs 

5 hrs 
4 hrs 
4 hrs 
4 hrs 

S-hrs 
4 hrs 

4 hrs 
5 hrs 
o 
4 hrs 

o 
1 hr 
o 
1 hr 
o 
1 hr 
o 
o 
4 hrs 

1 h r 
4 h r s 

o 
.. h r 
o 
4 h rs 

LOCATION OF 
TOP OF CEMENT --

Not located 
Not Located 

NO fill @ 1230' 
No fill @ 1230 ' 
No fill @ 1230 ' 

N0 fill @ 1230' 
No fill !!.I 1230 ' 

No fill 
No fill 
No fill 
No fill @ 1230' 

NO fill @ 1241' 
1160 

1236 
1236 
1236 
1221 

1183 

1 2 30 

1487 

THE ORETICAL % 
PLUG LOST 

100\ 
100\ 

>95\ 
>9si 
>95\ 

>95\ 
>95\ 

>95\ 
>95\ 
>95\ 
>82\ 

>91% 
7% 

79% 
100% 
100\ 

87% 

54% 

33% 

33% 

Page One 

REMARKS 

Gas flow stopped for 20 min and slowly returned ata low rate. 

H2S emissions stopped, but small amount of CH4 emission continued. 

Fluid level located at 600' +. 
Lo~circulation again at 1236' while drilling out cement. Continued drilling to 1257'. 

Lost circulation @ 1247' while drilling firm cement. 

No success in filling hole. 

No success in filling hole. 

No success in filling hole . 

Drilled out firm cement with full returns. 

Drilled out firm cement with full returns. 

Lost returns at 1500' while drilling firm cement. Regained circulation after pumping 
500 BBLS H20 in hole. Open hole to 1564'. 



CFSU '31-33 / LOST CIRCULATION CONTROL EFFORTS 

DATE 

6/20/7B 

6/21/7B 

7/13/7B 

7/14/7B 

SITUATION 

Lost circulation 
polymer Plug *6 

polymer Plug fP 

Polymer Plug iB 

Lost circulation in 
121a;" hole 

PWG 
NO. 

21 

22 

23 

24 

25 

26 

27 

DEPTH OF 
OPEN HOLE 

FT. 

1735 

5009 

TABLE 1. cont"d 

OEDP @, 
FT. 

1649 

1229 
1732 

1610 

1550 

15BO 

4930 

47B5 

4926 

4833 

PWG 
VOLUME 

FT3 

100 
140 
104 
112 
104 
112 
134 

104 
112 
104 
12B 
101 
112 
145 
112 

427 

427 

112 
3B1 

125 
369 

7/19/78 Begin Cement Abandonment Plugs to Abandon Lower Zone 

28 5221 

7/20/7B 29 

30 

31 

32 

5009 312 
364 

139 
364 
162 
350 

162 
300 

1123 
1B7 
300 

MATERIAL 

Pal Mix IIOR 
water 
pement 
r ater 
cement 
Pal Mix IIOR 
water 

cement 
water 
Pal Mix llOR 
water 
cement 
water 
cemen~ 

rater 
{ modified 
( 
( 
( 

formation 
consolidation 
treatment 

cement 
water 

cement 
water 

cement 
water 

cement 
water 
cement 
water 
modified 

formation 
consolidation 
treatment 

cement 
water 
LCM 
cement 
water 

CEMENT TYPE 

class "B" 

class "B" 

class "B" 

class "B" 

class "B" 

class "B" 

class "B" 

class "B" 

class "B" 

class "B" 

class "B" 

class "B" 

PERLITE 
BY WT.CMT. 

1,1 

1 ,1 

1 , 1 

1, 1 

1, 1 

1, 1 

1, 1 

1 ,1 

1 , 1 

1, 1 

SILICA 
FLOOR 

BY WT.CMT. 

40' 

40' 

40> 

40> 

40> 

4 0 ' 

40 > 

40' 

40. 

40> 

GEL 
BY WT.CMT . 

3' 

3' 

3' 

3> 

3. 

3' 

3> 

3% 

CFR-2 
BY wr.CMT 

0 . 5> 

0.5% 

0.5t 

0.5 % 

0.5% 

0.5> 

0.5\ 

0 . 5> 

0 . 5' 

0 . 5> 

FLO-CELE 
LB/SK CMT. 

0 .5 

0 .5 

NUTPWG 
LB/SK CMT. 

0.5 

0.5 

CaC1 2 
BY WT .CMT. 

2' 

I 

I 

LCM 
BY WT.CMT. 

GILSONITE 
LB/SK CMT. 

25 

25 

arHER 

sodium 
silicate 

sodium 
silicate 

50* cedar 
pulp 

sodium 
silicate 

TIME BEFORE 
NEXT QPERAT ION 

o 
o 
o 
1 hr 
4 hrs 
o 
1 hr 

o 

o 
1 hr 
o 
4 hrs 
o 

o 

:2 hrs 

o 
:2 hrs 

o 
5 hrs 

o 

o 

o 

o 

o 
3 hz·s 
o 
o 

LOCATION OF 
TOP OF CEMENT 

THEORETICAL \: 
PLUG LOST 

not located 100. 

163B 

not located at 1638 

1515 o. 

4840 o. 

4770 <55% 

not located 100. 

not located 100, 

not l ocated 100% 

no t l ocated 100. 

Did not attempt to locate cement . 

{Theoretical top of cement only, 
{ Filled hole with 1291 ft3 mud. 
{ Theoretical volume to fill 4~" 

out of sight after 10 minutes. 

I 

with no loss = 1672 ' . Implies 51 ft3 water 
Theoret i cal volume to fill hole from 1638' 

drill pipe from surface to 1638' - 131 ft3 . 

Page Two 

in hole below cement. 
to surface - 2774 ftl. 
Fluid level dropped 

{Mud returns to surf.ace during last 20 f~3 of displacement water . Capacity of 41t" drill pipe frc. 
{ surface to 1580' = 126 ft3 . Firm cement from 1515' to 1580', Theoretical volume of firm cement 
{ = 108 ft 3 , Soft cement from 1638' to 1675' . No fluid loss experienced . Theoretical volume of 

soft cement = 62 ft3 . 
Should occupy 137' of 12":1" hole. 

Theoreti cal bottom of cement plug = 4977 '. 

{Firm cement from 4770' to 4790', 4805' t o 4830',4900' to 4926'. Cement stringers 4830' to 4900' . 
Fill 4935' to 5009' . No fluid returns to surface. 

No fill, 

No fill. 

No fill. 

No fill. 



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

NUMBER OF UNITS 

60.00 
1,714.00 

5.00 
140.00 

3.00 
64.00 

141.00 
12.00 
76.00 
9.00 
8.00-
5.00 

10.00 
15.00 

546.00 
15.00 

449.00 
55.00 
15.00 
51.00 

2.00 

MAGCOBAR MUD COST SUMHA .. ltY 

for 

UNION OIL OF CALIFORNIA 
CFSU 31-33 

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

PRODUCT DESCRIPTION 

Magcobar 
Magcoge1 
Kwik Thik 
Magco Dustless 
Spersene 
Tannathin 
Chip Seal 
Cottonseed Hulls 
Mud Fiber 
Nut Plug Fine 
Nut Plug Medium 
Aluminum Stearate 
Magconol . 
Calcium Chloride 
Caustic Soda 
Lime 
Miscellaneous Products 
Zinc Carbonate 
Sodium Bicarbonate 
OS 1 
SI-1000 
State Sales Tax 
Sundry Rebil1 
Utah County Tax 

TOTAL MUD COST 

AHOUNT 

$ 363.60 
8,467.16 

28.25 
691. 60 
85.17 

649.09 
1,680.12 

149.52 
1,067.04 

120.87 
107.44-
300.50 
607.90 
264.15 

12,110.28 
90.9() 

26,827.75 
5,247.00 

763.41 
1,512.15 
1,158.46 
2,483.10 
7,405.98 

470.18 

$ 72,436.74 

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

r 
I 



~1'\r.C()n:\R 1\'1:1.1. Sll~I~I'\I~Y 

DATE: 8/1/78 

CO~!I'r\NY: Union 011 of California COt\'!'j{,\CTOR/RI Gil: Loffland 5 
-=~~~~----------

\~ELL NAME: CFSU 31-33 SPUD DATE: 5-24-78 ----------------
LEGAL DSCRP: Sec. 31, 25S-61~ COMPLETION DATE: 7-·23-78 

------~--------------

COUNTY /STATE: Hillalod, Utah l-IUD ENGINEER(S): Ralph I~. Bowie 

TOTAL DEPTH: 5221' ETD 2600' l-tAG STOCK POINT(S): ~!1lford, Utah 

TOTAL DAYS: 60 TOTAL COST: 

CASING/BIT INFORMATION 

INTERVAL ••• HOLE SIZE BIT SIZE CASING SIZE II BITS USED 

0 , to 280 , 28" 17 1/2/~6" 20" 2 

280 , to 1735 , 17 1/2" 17 1/2" 13 ·3/8" 4 

1735 , to 5221 , 12 1/4" 12 1/4" OPEN HOLE 7 

, to 

DRILLING FLUID INFORl>tATION 

MUD UP AT: SURFACE 

INTERVAL ••• MUD TYPE MUD WEIGHT DAYS COST COST/FT 
(lOW-high) 

0 
, to 280 SPUD HUD 8.7 - 9.1 -L $ 2,050 13 $ 7.32 

280 , to 2100 FLOCCULATED 8.4 - 9.0 29 18,472.14 10.15 

2100 , to 5221 , AERATED WATER 

, to 

SUMMARY OF CmIMf:NTS/PROBLEMS 

(indicate depth interval on left) 

See Interval BreakdOl{n and Daily Drilling 

Log for more information. 

27 51,914.47 16.63 

GEOLOGIC INFORMATION 

FORMATION DEPTH 

Andesite Surface Debris 205 

Competen t Andes i te 300 

Altered Andesite 520 

Andesite ,with quartz 
veins and sulfid es 920 
Red Silt Stone and 
intermit tent Gre y Do l omite 1740 

No re turns 5221 
No actua l f or ma tion tops 
logged . ' 

, 
I 

I 
I 
I 
I 

I 
f 
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OPERATOR:Unlon Oll of Callfornla 

LEGAL DSCRP: Sec. 31, 2SS-6W 

Interval: 0 , to 280 

Footage: 280 

Days: 6 

Ft/Day: 46.S 

Mud Cost: $ 2,OSO.00 

Cost/Day: $ 

MATERIALS •••• 

Product 

Hagcogel 

Caustic Soda 

Lime 

REMARKS • ••• 

7.32 

Units 

207 

8 

3 

\~ELL N:\~IE: CFSU JI-JJ 

COUNTY. STATE: Hillard, Utah 

Mud Properties ...• 

Weight: 8.7-

Vis: 

P/,L: 

pH: 

Cost 

$ 4.94 

22.18 

6.06 

45 

15 

11.0 

9.1 Cl- : 

Solids: 

Oil: 

LCM: 

Units/Day 

34 1/2 

I 1/3 

1 

600 

2-6% 

0 

0 

Cost/Day 

$ 170.43 

29.57 

6.06 

This interval was drilled with a flocculated mud haying sufficient viscosity 

(45-55 sec/gt) to clean the hole. No problems were encountered during the drilling 

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

surface casing was run to 280' and cemented without any trouble. 
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OPERATOR: Union Oil of California WELL NAME: CFSU 3, .... 1_-""33<--____ _ 

LEGAL DSCRP: St'C. 31, 2~S-6h,-' __ COU:-.ITY I STATE: Ni 11arJ. Utah 

Interval: ~~ 
I to 1735 

I, Mud Properties •..• 

Footage: 1455 \'leight: 8.4 - 9.0 cr: 900 

Days: 29 Vis: 32 - 40 Solids: 4% 

Ft/Day: 50.2 F/L: 40 Oil: 0 

Mud Cost: $ 18 1 724.84 pH: 10.5 - 11.5 LCM: 0 

Cost/Day: $ 645.68 

MATERIALS .•.• 

Product Units Cost Units/Dal: Cost/Dar 

Magcogel 1425 $ 4.94 49.14 $ 242.74 

Caustic Soda 85 22.18 2.93 65.01 

Tannathin 59 10.49 2.03 21.34 

Lime 13 6.06 .45 2.72 

Sodium Bicarbonate 26 23.77 .9 21.31 

Zinc Carbonate 38 95.00 1.07 101.55 

Hud Fiber 31 14.04 1.07 15.02 

Chip Seal 20 11.32 .69 7.81 

SI-I000 2 579.23 .03 19.97 

Aluminum Stearate -4 60.10 .14 8.29 

Magconol 5 60.79 .17 10.48 



OPERATOR: LTnlnn 011 of Call fOI_-I_t1_a __ I~ELL NMIE: CFSU 31-JJ 

LEGAL DSCRP: s .... c. 31, 25S-6H COUNTY. STATE: Millard, Utah 

Interval: 1735 I to 5221 I Mud Properties •••. 

Footage: 3486 Weight: 8.5 - 9.0 cr: 700 

Days: 27 Vis: 30 - 36 Solids: 1 1/2 to 4% 

Ft/Day: 129 F/L: Nlc - 40 Oil: 0 

Mud Cost: $51,914.47 pH: 10.5 - 11.5 LCM: 0 

Cost/Day: $ 1,922.75 

MATERIALS .••• 

Product Units Cost Units/Dal Cost/DUl 

Sodium Nitrite 531 $ 59.75 19.67 $ 1,175.08 

Caustic Soda 424 22.18 15.70 348.31 

OS-1 46 29.65 1.7 50.51 

Calcium Chloride 15 17.17 .56 9.54 

Nagcogel 45 4.94 1. 67 8.23 

Mud Fiber 65 14.04 2.41 33.80 

Chip Seal 20 11. 32 .74 8.39 

Nut Plug 5 13.43 .19 2.55 
., 

i 
- - --- ----------------
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Union 011 of 

. 0\,&''''0, Calif-=o-=r~n:.:i:.::a=--__ _ l ocation Sec. 31, 25S-6W 

'. 

Coslng 
Size 

Well CFSU 31-3 3 County Millard 
MAGCOBAR 
DIVISION 

Hole 
Size 

- __ inch 
26. inch 

171!2inch 

- __ inch 
2Llnch 
13 3/8inch 
OPEli inch 
---inch 

Interval 
length 

___ It. Spud oo!e 5- :>",,'j_-~7~P. __ _ 
Contractor Lof f land 5 

Engine er R. \-1. Bo·.li e 

State Utah 
Elevat ion ___ --:-____ _ 

DRILLING MUD LOG 

Page_I_of 3 

2flO · ft. 
l455ft. 
34ii6 ft. 

Under Sudcce Dc!e f;-?- 7 ~ 
Fi"ish D=~~---1.- 2! -7~ 

.l.2.J.1E inc" 
inch ---ft. 

Totol oep·" __ ' ~ .' I 'to 

Mud Cost S ~~!_: ~. ~~~.:. ___ _ 

C ·: · S T 

<" 

" 

5-~J 

5-26 1 123 18 . 71 60 136116181 8 ~2 ~.0~121 11. 01.21.4150010 1 Tr~3/41 11 41101 1561 III I 56':.1 1:':..7 I 

5-27 1 182 19.0 J 40117113113121 ~L51121 Il.~ .71.714001 .11/215 I 1101 351 I I I 1561 11 I I I 31 :.1 17 f.l! 

~:MAR"'S 

5- 28 I 301 8.$ 6~ 39 14 111 5 110 ~1.O11 5 1 . • E1 .2 .~750 10C Trl4 17 20 lSf 2 l~~i l.',j ': ,c'e:oing 

5-28 1 112 9.~ 6~ 4317 17111118 ~05 1 1 Tr~~14 }!i~ D Y Cpeel 01 I t. ~~ iLS~· ~:J.g 

5-291 218 9.1 ~ 63 23 26112 i26105 10J .9.4 . ~900 10C 1/~ 6 24 30 I 2 1 . 531 1<; ;0 

5-30 i 294 I RU~:lI ~G dsdG (20'1) TQ 29 4' 17 ll lj 2iJ ~ , ! 

5-3 1 I 280 I W31~d sEt At 280' I- t·;frpphD Iup IB.d.p.l- vJ .O .c. 110 SET 2~3! 2 3fJ2 

6-02 135 351 i::~l591 ' I 1 11 I I 31 1 · 1 I I I I 1~~~~' ; Shar? cut 

6-03 588 9 .0 llf 46 16 10 6 3 lOS 36 .7.3. 13K 10Cl /2b0 19 · 80 .69 78 5C 

3~ 3 3 

2:91 26E.O 

) '1::: \ 2965 , 6- 04 711 b .o 8 43 6 3 2 5 no 19 .7.35. 1.7K 10C Tr~.li2 16 31 .74 55 

6-05 899 b .9 12' 35 9 6 5 9 105 21 ..3. 2·1K 10C li*·V2 17 23 .68 121 1 It 1 21 11 1 1 1 1 1 1 1 1 ini 30 .. 3 

6-06 1089 13 .9 10C 35 7 4 2 6 110 20 .3. 1.5K 10C Of-¥2 17 23 .71 671 I 2~ 1 3 1 3 ! I 1 I 1 1 1 1 I 217!-: ----;,-3=26""'0-+
1
----

6-07 1 1233 I w.<ll.c J; L~STlclt.CU4ATIjo:-l t'"~DIENqou~1rERtD 1hs rAVe! 50p ppm) \AT ~23l '! 19:5p plm. I 5C 

6-08 1 1233 I W.C .c J - to DRILLING ~CTIVIT 

6-09 I 1240 Is.61 85 341 81 1 1 21 3 InOi16 1.~ . 61 .Q400\(4d Tr12.4 159p.79 . 9~5.l 
6-10 I 1253 1 LOST 4.LLlmDl 61 CE$N'ti PL~GS ISEt (lj:_lABt...E 'to TiG ) r " 

2 2 

4 

5 ~ -I 
-) 3786 

o! 3786 

0; 378611.'.0.C • 

)CJ9: 4095 

6-11 1 125 31 12TH qE~!Eb hub (4~ApjLE 1-0 tAG~ I I I I 1 1 1 1 I 1 1 lid 1 6 1 1 I 269\ 4365 

50--- 3 
I 

!.i69 

6-13 5326 

6- 14 6102 

~1 5 I 1230 .5178 1 351 7i 4: 2 6112.5\ 40 I L~1700 50 1. 2 12-91 1 12~=t1H 1\ I 5 1- I : I I 1326
1 7:'28 

6-~:':~ _.~~_1 .~~:~.L6Ll~ .. ~ _ ~lEt-=-~l~~J~O_.~_K_ 40 ~_l-l;~ _ ~t7. _._ ___~ 2~1_1 ~, ~ J __ _ : 1 777\ 8205 __ . _ ___ ___ _ _ _ .. . . _. _ __ . . .. __ _ ___ . _ _______ . __ ._. ____ . ___ . . " . ___ _ ____ .. _ _ _ ._,, ______ .. __ . ____ ,, ____ . ____ .. _________ . __ ~- ------ 1 -._-.. - -:-:--=--::7', - .. -



6-17 

Union Oil of 
Ope,ator Califor n ia 

Well CFSU 31 -33 

Conlractor Lof fland 5 

Engine er R . \~. B0\o11e 

----
Locallon Sec. 31, 25S-6W 
Counly Millard 

Sl ale Utah 
Elevalion ________ _ 

MAGCOBAR 
DIVISION 

DRILLING MUD LOG 

Poge _2_ of _3_ 

HoI .. 
Si ze 

___ Inch 

--.2Linch 
li....lLl inch 
~inch 
___ inch 

Casing 
Size 

___ inch 

...2il....,.."inch 
u....l1§inch 
OPE~ inch 

inch 

Inlerval 
Lenglh 

___ ft. 

-2.a!Lft. 
~h. 
~fl. 

fl. 

Spud Date 5-25- 7 e 
Unde, Su,face Dale 1)-2- 7 8 
Finish Dale 7-21::75---
Total Deplh S~21 11. 

MudCoSIS 72!4 ~() .7 4 

6-18 1 1460 18 . 5175 1361 816141 61120R9 71 12')~1.2~.751900 i (401 11281 119.31 ~. 4 1· 65p2 1 12451 1101 2121 1 3 ~I 1237d 11547 \ 

6-19 1 1646 18.5111 032 15 1 7 I 4111 1115134 1 12.~ 1 R.318501(401 ITr I 19J915!>6~.11·5 ~671 rS51 I 61 81 1112111 r--l-lli JCJqI29 381 

6-20 11 730 1 LbSTICIRbJl.f..TIbN 1 ~clHLrb I~phs\ \ \ \ \ \ \ \ I \226\ \11\ 4\ 2\ \8\ L':'8~ 15426 i 

6- 21 I 1730 . cbdT pb.!G 112 ' a~d h21 I I 104 8 31 3 4 11 TIT Issf 16981! 

1650 3 .51 11f3214 6 31 21115\ 37 2. 1.11.4 1600<40 1-1/4 1 -I 1 1 I· d 11)9Rl! 6- 21 

6- 22 1600 8.~011 3916 7 41 6112C\ 34 1. 1.31.61700<40 I-V4 1 47 2 I 3 1 \ I 3d 1734'=. 1 
0- 23 3d 17 660:;'-:Jn .13 ;, .' = 

" (. 2.S1n .d 

6- 24 q 17 6hOj 

6- 25 1735 D~ILED blITDV'TOLAT1l15 1 \ q 17 6f,O I 

6- 26 1770 8.5 15 3015 0 4 6 12,' 42 D.5 2.12.5 650~00 1 1'~4 35 1 5 1 8 5 1 2 1241 \ 18990 : ~:::; n~ 
6-27 1935 8.4 10 30 5 4 4 12 11' 41 p.5 l. lJ2.1 70~(40 1/ 1 54 10 1 1 4 3 3 1203\ 20103 it~~ l~.Il 

6- 28 2100 LOST ALl FIrI~ AT 15 1' 0 ~OUR:i; ~IG ED UP ORE!\, TE HA~ER 37 418\ 20522 

6- 29 20545\ 
6- 30 20825 ; 

; 

7- 01 · 1 2755 1 Jo.jERAtED ~'A;h_" 1 \ 1231 I · 736 1 2156u I 

7- 01 2920 ;jERAtED ~'A11ER 

7- 03 2920 AtRAtED ~.JA1JER 

7- 04 3276 At~fED ~JA~ER 
7-0 5 363 4 .:1R.-\TED ~'A1iER 
7- 06 3725 ~iR.;.hD ~"A1~ER 
7- 07 4085 XERArED ~;A~ER 
7- 08 4540 4R.-\TED ~'AT[ER 

36 

52 

10 

17 

14 1 I 8 

231 I 22 

8381 22399 I F1shi~~ 
270 : 22668; , 
233; 22901 i 
396 i 232:.7\ 

1064 · 24364 : 

8229 : 325,1 : 

1261 1601 \9302 ' 41E,~3 

7-0:J_~606 L3~.~"I E~ . t'~:~~R.l 1 1 I 1-.lJ I U _I_Ll \ \- I 76LL I ~~.U L .. l _J_.~ .. _1~.6~·L 4.~;~ '} _ _ _ _ 
- ~ _.- .. . ---- .. _ .. ---- . .... ----._-_. . . - .------ _ ..... - .----. - --- .. .- -- ._--- -

0- _._ .. _. ___ ._. _ ._ ... _ _ ,. 



Union Oil of 
0 p.,fotor California 

Well CFSU 31-33 

Cont ractor Loff l <:!nd 5 

Engineer R. W. Bowie 

---
Locotlon Sec. 31, 25S-6W 

County Millard 

Stato Utah 
Elevation _________ _ 

MAGCOBAR 
DIVISION 

DRILLING MUD LOG 

Pcg"_3_of _3_ 

Holo 
Sixe 

___ Inch 

~i"ch 
17 172- inch 
TIlT4jnch 
---inch 

Ca.ing Interval 
Six" Lt'ngtn 

___ inch----___ lt. Spud Oat. 5-~,)-7'i 

~inch ~It. 
lLJ.L8inch ~It. 

Under Surface Dcte -'. - 2-7 8 
Finis~ Date 7-:::! !~ 

OPEN irich 3486 It. 
___ inclt h. · 

Totol Depth 5':2 : ft. 
Mud Cost S 72, '.lf).~.~ 

MUD PROPERTIES MATERIALS CCST 

DAT EI DEPTH 

7- 10 1 4796 A$AT~D IfATqR 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 11121 1 1 641 1 1 1 18517 1 55En I 
7- 10 1 4826 Bllr ptluCaED lIN ~IL~CAICU{Y ~T 2~1l51 I I I I I I I I 12 I I j I 748 I 56626 i 

7- 11 1 4 800 

7- 12 1 5004 

7- 13 I 4900 

7- 14 I 4900 

7- 15 I 5017 

7- 16 I 5040 

7- 17 I 5 135 

7- 18--2 1 I 5221 

7-22 1 5221 

7- 23 I 5221 

7-24 I 5 221 

7- 25 1 5 221 

~~,sq BtT iHRqJCH I cLAY 
TRj:r.PP~D qUT loF ~IOL~; ~ .O.IC.;I A*EHrT rp S*AL iOFFIRU~NINP Cl-AY 

\.i .b. cJ 10 SRT 

DRJILL4n 4UT ICrr¢NTI PL9GS JwI'ljH N'p Rtru$S 

Nq RE-tUR.1S, IFRUSH I~AT¢R, ICAqSTI/:: SQDA,I ARID 0511 

Cq:UNG, \fAT~R, iA-'1 DI CA~ST~C ~ODAI, OSl 

~~ REtuR~S, IWA'llER 1\''1D I CAqST~C S~)DA 

S~ E~-S~ p4UG ~P ~OL* A~ A~PRO~IK~TEUY 1000'1 + [2 EBL CE}ffiNT 

STARTED RIC IDO',.t.l PROCeDURE 

TqrAL I$I ~0 9~34 ~oRI REtuR~ T~CK~NG 

I 

36 4 I 10 

101 11 

34 181 18 

101 I 61 18 

161 16 

81 16 

25 

20 

1Q 110 110 

55 10 

1 

15 

5 

\ 
! ; - :I 

I I \ I I 1._I_t_t llL_I_:_l= .. l~=- : ____ -->--- \ \ I \ l±\ \ \ 1 1_1_1 I \ \ \ _____ _ I \J-----h-L~= ~=--= 

2615 1 592!.2 

567 1 5980 '1 

220 6fJ6 79 I 

2552 62632 I 
177 5 I 61.~ (J7 

1227 I 656 35 

886 I 6 652J 

657 67179 

1240 681. 19 

784 I 692CJ3 

]05 69508 

70817 

----
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.00 

:r. 
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II 
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o 
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N 
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r- "-'-~ r---el 
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t....._ ......... b - .':J 

HYDRAULIC DIAMETER - INCHES 

4 & 6 7 8 9 00 2 J.. 6 6 7891 .00 0 2 J 4 5 6 7 e 9 10.000 2 J" 6 6 7 8 9 100.000 
. MagcoMr : .'~.. . 
. -V .... "~ I r:;r;r .. ' r-;-l// //t/ / / / / /////// // ////H/ i·-/ TD I 1\ 5 " , I I :rJ '\~,'S ,"' ........... ~ o~ fl," 00 ,\>fIJ .-...'-' ~oO·"'f..)flJO "ot;{,,1f> o'_~ ~ to ;' o ; ,, : : 

'j ·--·f ! ""~ : ·' · F-:~:· I ""~ ' '' ' '' •• o::\~~~~",. ",!>",~ .... " ; .. 1 ;"~ 1· ':'~ i · · · ANNULAR FLOW DYNAMICS 

: . ~ ~~·-!I ·-1:--~lr!·+' 'h: •. ' I .•. •. : . O~;~~' i '11

- <;~- ·[:: ·I:~.),:fII;-If~I~;)" wm ""' CFSU '3 11-32355 6',' 

~ 

. 11"\ 

'-'" . -<t I I \ . " j ' , . . I . . I ·· . . .. . 1 I·' l ' TO Sec _ .. . ' .,. ,: >.: '. ' C". . . . ., . . I " . .'1.. .. . . I" LOCA I N • I 

. : . II A!I!I\\J lUS: I I " :':: " 'It"' ...... : ! ! . : ' ::: '.1 .:: .:. :: 81 f-[- . t' Loffland 5 _ .... u - ---1-·----1" -_. .," ' :-.. " 'It \, .v .... - ... . .. ~.- .. !-"'""--..----.-~~.-:-;-~...,. CONTRA CTOR ____ _ 
~ . I ' " I : :"' : . ~ n.. " I : ··· ···1 ··I--:· ! .... ~ ..... ! . I "- ! " I " i ' ~;-

_0 2.:, !----- I-·I .- -: - I " .- ; 1-.. v " :,, . -.... ---'...., ... , . .. -.. ,-,-,L L t-····l 6-27-78 1972' 

E~J 

-co ! - __ -L !-_ .. - 1 I - t j : 'f "." ". T ,L~! 1~~!:l!'; ·-±·.~·· _+ ·; · ~·+~+-+· · r-·~~ ·1 DATE DEPTH __ --=c:....:._=_. 
• - - - -, ... ,.-. - .- - ,. .. .. . -' . • , .• · ' ·--·c.~'··-·-r·_~~_· '-_·;..·. __ , I HYDRAULICS AND RHEOLOGY DATA 

c::: ;:r: I ; ., I " " r. , ' ; I : ~ , , . ".. 1 0 • 19 liP .. 
" ~ ci ; - --: 1- i--- - . - j - I ------'1-·--:-+··i--r-i"·i -TTj ~~M~ ~500 SIZE~X---1.L<i>~SPM. ~G.P .",. 

• 0 1-·-·-- ·· .--, ;---1 . . -; ;,.... . -. ·-j·_-:-:-i--:-r·rrTTT. PUMP 1 "" ... ~ I ~ : ".-.-.. -I ~ . ii - ~"~ - - ,:: :~: .. , . -I_~-I---J-.L-LII-L~J No. 2 D-500 SIZE~X---1.LQ!> __ SP."" __ G .P .... . 
U I 1 '1' I I . ·1/ . , . "., I I I /. I ,I = ' .. , .. . , :. f· ·1.. .. .. . , f. . .. . . -.. .. , :. I . -. ' : I . . 1- i +- Hoi . D.P. Hyd. Ann. Ann. Eft. Ann. 

~ l i T : 1 I j L' I I :: :' : '" . :! ! .:!.!! ~ ..Q!!; ~ She....Yi!.. CPO! 1 000' 

~ ; > :,1-,1 HTii,Tf'~ ·'J:.H:i,!,1TI: 12.5' 4~ ';~· 8.0 2L ~. 2:

t

:
EC

·'-li..C?S.72 po; 

I· '4J+,I" , · 1· · I," I ! ! 
l :..:: ~.:- L:?:-rj± ]1+1- ..!- ~=J _:::i= -:.t::f:q~ i:~- 1_2._5 _8 __ 4_._5 _li_4_ ~._6_1 SEc ·'_3_0_C?S_2-9_9_

p
, ; 

. Jr. :j=-'.~ ~:+~- :tftj :~t .j=-~-:-:: -=t·~f=f.:.:rh 121" 8 4-25 164 ~ 92' 40 &.37 ---.;- +::Ti-:..1...:.. --i-Ul --;-. -L±i-'1-++1-+1 ~ _ __ __ m;n._SEC _CPS_",i 

2. -.~~-~ -j--+.t:tl· ! ·t ! ~- -.. --,- -t~-~+--'t~~,·· h., I , .. I . , . · ·· · ··, ···f· . . , ·, .. ,···, , · .. ··I.I: ·,

N 
~--'sEC ' C?S . 

j--:. -1-+l- - :---'+i-, -- -.;-;. - · -l~·~--·rl·-I+ V7 ------ mIn. 31~TTOM HO~~ 
if ·! .. ·t,1 -i·'11 j r .. ~ ·i .. :: .. +T I ~:jl: :·r· · ! .. i·.·i· R .P.M. ~'~L ~F~VIS. 'UNNELVIS. __ ASSEM8LY 

"1--""'7"'--"""i----'---Ll . '1 JI- -:~ · ~I--;" · · '-r',T)·· '1' 1 600 ---"'-"'--8 ~8 cps A ,V · _
5 . • • . 1. I 'i' · . ,., .: . . : ':j 'j" I' 300 _____ CPS P. V . _ 

I ·~-:;· .: ··:·:·- 1 :-1-< : .-1- -r --:..: .. -L;·-l·:;" :·:· j·:-r't-, -. 200 - _CPS V. P. --1-

. : " " :: :: !.' . . :: I··j ::: . . 1': ; ':1 : . ..... "1" l 100 _____ CPS In . G ol --2--========= .--:::;- ,~ i: -- .. -'-·:.1. ::-.,,___ _ - .~ ". -7"" . m -J-::':i .. -~l+: .. ~ HI:, 6 _____ CPS '0 M;n. Gol~ ____ _ 

-1 f- --- ·- - -··:-'1 · · - I· - I · i · -:- ~ --- , ·· !-- · -·;·· .. ·+--·-1-1- :-,· 3 - ____ CPS S.mploT omp.l.O.S...-. S IT 
.: ;--._.- --:-. -,--! -t1- f-r --·- .... · ! · :'··I···-J·· .. I -··,-,··,-! MUDWT. 8.55 FLOWLINE TE MP. 110 
. ~--·· I -r-··-tl--tTl--1 f-~ -- ' j .... i'-"-. II-'- ; -r~ -j t:, 287 psi 855 

--~ . il- --- -j-·- f 1·lj_· J-il-ii--_ . ;"", /1.1 1 '\ ~:':~ ~r " -·-\-·Fi"·h-H TOTALANN~L~ ""P 70 "K' ~C'5D2-";;":""::"::--
, '--. -'--'-1 -. ·- l -+~·r·T --.. t ,: ".J ;;, . !~!, r-r.~ \:!lir.~ : "1-:}1'-- T ;· ~-n REMARKS n • 
I ---.. j '~-... :-~ -t.- -U Li ~VL:di~:~~~.DtBt.:)~ . I,~ , .. "; ' : : Ll APL = .03 ii/gal 

1_--·:. _!_~j JO.-.J.J.lI ~-=-_=~, C:~N'~' :~: : 
i · :, i I !;! : 1 j j 1 j I jj j 1 : : : . : : , . . . . . I · · · · I , •. 1 - . , _ , _ • , • ., 'J ' II' :' :. I ~ r 1 . , : . II : • ... <f' . , .' i ·"1 I I".· 'I' 

',-:" ~I -I · I -1-1- 1-1 -~_L' .-~~ _ . ....:.... - v ___ . -L- I~I -I- i - I ~ I'I I ) MU~ ENGI NEER Ralph W. Bowie, Jr. 
20 30 40 50 70 10 0 200 300 6 0 0 ~ ~ ~ .. ~ t$' fQO"().§I~ c:P ~ ~ ~ ~~..!-~~~ .. 

HYDRAULIC D IAM ETER . IN CHES V .G. SHEAR RATE - R.P.M. " .... BY TME OILF iElD PROOUCTS O'VfSI~ T(CHNlCAl GAOUD c: coP'l'\III1=IrT'£ t 'f'1 [)P£SS£R 
SLIP VELOCITY FT /MIN MUD WT. LB / GAL ' '''Ol./STAlcS Rt:~UCTION IN ANY F()Al; NOT P'fA¥.n ro THIS CkAP T N<J T.-E OAT .. 

Pl.AC£D TH[R€~ "RE SUBJECT 10 THE ~.o'tSIOfocS QfoI T~ ~E'V£PSE s eE 



Hydraulics 
WorkSheet 

Security Division' Dresser Industries, Inc.' P.O. Box 6504' Houston, Texas 77005· (713) 784-6011 

OPERATOR Union Oil of Californ~5NTRACTOR_~L~o:::f:::f-=1~a~n~d'---_____ RIG No._-=c5 __ DATE_.::..6---c2=..7:....---c7'-'8=--

WELL NAME -'C""F'-"S'-"u'---________ NO. __ 3:::.1=--...::3::;:3:........ __ COUNTY Millard STATE __ ~U~t~a=_h~ ___ _ 

WELL DATA: 

Hole size 12. 5 fromSurfaceto 1735 Drillpipesize 4 1/2 wt. 16.60 t.j.type XH length_-=1--c4c:3-=5 ___ _ 

300' 8 X 2 5 8 55 77 Drill collar length_-=..:=-=-__ 00 x ID' __ --=-=:.....::=-·:...:::.. _____ Mud wt. ___ ....::..·:...:::..=--___ Min. annular velocity (drill pipe) ____ _ 

PUMP DATA: 

Make __ -=EM==S-=C-=O'---______ __ Liner size 6 1/2 X 16 l- / 
I 

D-500 Model _____________ _ 1317. 
l- I-Press. Rating 

56 SPM ____________ _ Oper. Press. limit 1200 
I 
I l-

1. Maximum Operating Pressure (Table 1) ................................................. . 

Volumetric Discharge (Table 1) ............•••......•.••.•.•••••.••••••••.•.•••.•.••• . 
2. Circulation Rate (Table 2A or 2B) ................................................... . 

3. Annular Velocity: (a) Drill pipe (Table 3A) .................................•............ 

(b) Drill collars (Table 3B) ..................•......................... 

l-
I-
I-

1200 psi 

7.64 gal/stk 

428 
gpm 

77 
It/min 

164 
It/min 

2 4. Surface Equipment Type (Table 4) ..................................................... _____ _ 

SYSTEM PRESSURE LOSSES: 

5. Surface Equipment (Table 5) 54.0 psi 

75 6. Drill Pipe Bore (Table 6): loss per 1000 ft. X length ..........•..... _~~ __ X 1735 130.0 psi 
1000 

1.7 
psi 

1 
X 

1000 

1735 
7. Drill Pipe Annulus (Table 7): loss per 1000 ft. X length .............. ------

125.6 
psi 

53 
X 

100 
8. Drill Collar Bore (Table 8): loss per 100 ft. X length ................ ___ ~ __ 

237 

1 237 2.4 
9. Drill Collar Annulus (Table 9): loss per 100 ft. X length ............. ------ X psi 

100 

10 

268.2 
psi 

313.7 
X 10. System pressure loss (excluding nozzles): add lines 5 thru 9 X MU1~Wt. 

8.55 

1090 
psi 

931.8 
X 11. Pressure available for nozzle selection: line 1 minus line 10 X MU~O Wt. 10 

8.55 

JET NOZZLE SELECTION: 

12. Jet Nozzle Size (Table 10) 14 ......................................................... ___ --=.c-'--_ 32nd 

13 P I h h' (T bl 10) I X MudWt. 8.37 X 8.55 . ressure oss t roug let nozzles a e : pressure oss -1-0- ..... ---~~- ---10--
715 psi 

14. Jet Velocity (Table 11) 305 ........................................................... -----'~=--- It/sec 

"0,) 

15. Total pressure expenditure for system: (add !ine 10 and line 13) ;;>OJ ................................ _---"c..::.:'--_ psi 

73 . line 13 715 
16. % HHp at b,t: line 15 X 100: .............................. -~9~8~3----------X 100 = -------- % 

Actual H Power 
178.5 
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MunGO~M 0 ESSEv 
IC~~ 

r:. ..... , ...... ....... '"'''-1110 CORROSION REPORT 
JL6-21-78 -

~ -- .- :--=---= 

! 
, FROM , 

MAGCOBAR DIVISION Union Oil of California 
, 

FIELD CORROSION LAB: 

XXXXXKrnC 1020 Atherton Dr. , Suite C-201 
CITY. STATE AND ZIP CODE 

(Loffland Rig 5) Salt Lake City, Utah 84107 
SUBJECT wELL NUMBER rREA 

. C.F.S.U. 31-33 Salt Lake 
)P Y TO COPY TO 

Harold Moss Steve Pve Dee Thomas Jim Fox 
v/ 

TQm COX 
COPY TO COPY TO 

Bernie Sansing Ra10h Bowie Art Vincent Dee Slaugh Bob Perkins 

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

pulled 6-7-78 
OUPON NUMBER 19341 PULLED AT A DEPTH OF ___ _ =-1.=2....:4-=1'--_FT. SHOWED A CORROSION RATE OF 

* Approx 1. 4 LB/FT 2/YR. tra-.Ce~ ______ CAR BONA T E _____ p,.o"'s .... i'-!t-i .. v"-e><-- --- su L FlO E. 

COUPON NUMBER _______ PULLED AT A DEPTH OF _______ ~FT. SHOWED A CORROSION RATE OF 

_______ L B/FT'/Y R. ______ ---c-______ CARBONAT E __ --, __________ SUL FIDE. 

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

_______ LB/FT'/YR. _____________ CARBONATE _____________ SULFIDE. 

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

- !ast 20% of the ,,,eight loss was due to mechanical erosion by ___ --.::--;c,--.,-_--; __ --,.---,----,---,--

, Id solids, giving a true corrosion rate of about 1. 4 1b /ft2 /yr. Following 0" ,h. conv."ion 'a' •• b.'w •• n ,h • 
... orious units for steel coupons (specific gravity 

H2S was encountered t,w days before this ring was pulled. Zinc 7.86): 

~"lrbonate has been used to treat for H2S during drilling since mpy = 24.62 x Ib/fI'/y, 
ill time mpy = 5.03 x kg/m 2/y, 

Ib/fI'/y, = 0.04 x mpy 
_ _______ ____________ _____ ____________ -j Ib/r,2/y, = 0.20 x kg/m2/yr 

kg/m2/y, = 0.20 x mpy 
kg/m2/ yr = ~ . 90 x Ib/ r, 2/y ' 

PLEASE CONTACT THE OPERATOR AND CON T RAC TOR CON CERNING THIS REPORT. 

TITLE AREA PHONE NUMBER 

i 
LJI STRI BUTI ON , 

t _ A R EA E N G IN E E R 
2 _ F I L E 
5 - E N G . MANAG ER 
.. _ ENGINE E R 
II - F IELD 
e - F IL E 
7 - EXTRA CO p y 

CODE 

Sales Engineer 801 262- 9954 

, , 



r '1JuF£Dill' 
I ~=-¥:l 
_C_t·~ , · . uC.I~ ... rl '·._ 

Corrosion Lab 
P.O. Box 1407 
Houston, Texas 77001 
Bldg. l ·A. Rm . 352 

~ . .. i 

OILFIELD PRODUCTS DIVISION-ORESSER INDUSTRIES INC. 
r·o-766 A 

~ !oRATOR 

ADDRESS 

OF CALIF. 

- - _ .. '--_ ...... 

j
, J' 
! • 

I; '. 
,; , 

.L ..... i 

CORROSION RING REPORT 
o NO 

DATE ______________ __ 
TITE HOLE 0 YES 

RIG NO. 5' 
SPUD DATE 

t;5-24-t'd 
i 'ORT FOR MR. REPORT FOR MR. SECTION , TOWNSHIP, RANGE 

\1 A \'2-0 l.- f) i/IA CJS S 6&\'2...Nlfo SANS\N~ 

C.r,S.U. nELDVJ lZ NO
. 

COUNTRY. PARISH, OR I'STATE O~R ,PR0A,VI N\-\CE 
OFFSHORE AREA 

1\A.\Lt At'-O 

WELL NAME AND NO. 

OPERATION CASING MUD VOLUME (BBL) CIRCULATION DATA 
PITS ,.., 0 Su:,~COE PUMP SIZE £': I?, x {/ IN. ANNULAR VEL. I FT·;'OIN.) 

~~~~ ____________ -c~ ____ -*~V __ ~I~N~. A~T~v~LJ~ __ ~F~T' __ -4~~~~~~~ __ ~.~~~~~~~;~~~~~~OPP05ITEDP--~='~- ~ __ __ 

PRESENT ACTIVITY HOLE 

i SIZE (IN.I , NO. INTERMEDIATE ~6~~~1~9IRCUfLAOTING PUMP MAKE Em5co OPPOSITE COLLAR __ S""---9~ __ _ 
\~ MODEL ("")-="0 ('v IN. AT FT. V ~ 

DRILL PIPE: SIZE TYPE PRODUCT/ON OR LINER IN STORAGE BBL/STROKE STROKE/MIN. CIRCULATING 
PR ESSUR E: PS I ---"'-'00"'-"'<-'0""-__ __ 4 '/'2.. >< H IN. AT FT. 

;;'L-;-L--:C::;:O;;-L~LA:-;R;-;5:-;IZ;;Ec--------·----j-;-'LE;:N.::;:G::;:T-;-;H---n=M""U;::D==========~,=~=========(I-;B;;B;;-L"/M-';'-';N-. -----------j BOTTOMS UP (MIN . ) ______ __ 

7 t, m' C:t~ L- & JJ,A-T"E-~ ~~~:iM(MIN.) 
MUD PROPERTIES 

INSERT REMOVE CORROSION RING DATA SAMPLE FROM 0 FLOWLINE 

·)WlINE TEMPERATURE 
o PIT 

OF COUPON COUPON 

.11e Sample Token 

Depth (ftJ 

i eight g-fppg) 0 (fb./cu. ft.l 

lVIud Gradient (psi/ft. 

Funnel Viscosity (sec'/qtJ API at ______ OF 

lStic Viscosity cps at 

Yield Point (lb./l 00 sq . ft.) 

(:-1 Strength (fb./l 00 sq. It.> 10 sec./l 0 min . 

I I kl-5trip o Meter 

'F 

/ 

1/0<.:> COUPON NUMBER: I q :3 4- { 4 V9 PH 
INSTALL DATE b - I - I R TIME 

REMOVE DATE b -I - 7 P, TIME 

HOURS 13G I NO. DAYS <S Y'2... 
INSTALL DEPTH (ft.) '2.00 
REMOVE DEPTH (ft.) J '2... 4- I 

I LOCATION IN DRILL STRING·DEPTH 

I'{"= 207 
(0:00 '~ 
iO;OO ~~ 

'7-/3 KELLY SUB: CHANGE OVER: z...----
{I.s INHIBITOR ADDED: ~OwEO 

_F_il_1 r_a...:tec.A __ P_' .:..(m_'c..:./..:.3..:.0_m __ in-'J __________________ + ____ --1i-_+_' '~=---1 TUB I NOG STR I NG I DR I LLOSTRI NG I 
~ "I HP·HT Filtrole (m1f30 min.) 'F -- I 

PITTED 

I 
SCALE RUSTED 

o o o 
' . ·.ke Thickness 32nd in. API E'(HP.HT 0 z...- COUPON SIZE <Circle one) PIN OR BOX 'AlLURE OTHER 

_A_'_'k.:..::a:..:r;~n:..:.:ityc:.._M_'_u:.:d:..:(_'_P:..:m~) ________________ --+_--:---j~1'-'-.-'-1____113 3Y2@SSY2INCHES/3B.Q2-'3 0 
kalinity, Fillrale (Pf/Mll / ,<:,/.'1 I.F. E.H....@ 

B ppm 
'. It 9pg Chloride tr~:;; 400 GRADE DRILl,. PIPE PLASTIC COATED 0 YES 0 NO 

Colcium !B"Ppm o Gyp (ppb) 

nd Content (% by Vol.) 

~olids Content (% by Vol.) 

.Oil Content (% by Vol.) 

ater Conlent (% by Vol.) 

M h B (ml/ml mud) 
el ylene Blue Copacity (equiv. #/bbl. bent.) 

~. " fides 0 ppm Phosphate 0 ppm 

S fite Residual 0 ppm 

REMARKs--Give operation depth end nature of any problems encountered 

I Drilling @ 
i 

'. : J Salt Waler flow @ 

" 

0 Gas kick@ 

_ J Stuck pipe @ 

I LJ T ig hl ho le @ 

I 
0 Sloughing Shale @ 

I l ost Re lurns @ 

I ." NE£R RA~ PM 

1'3G,. Cf'2 9>0 q 

1~7 J641 9 
, . 1439')(207 

I P H ON E 

/. , 

CORROSION TEST REPORT 

COUPON CORROSION RATE Af'f7(ZD X- /,4- ~ 
Ib./ft. 2 /yr. 

TYPE DEGREE 

o LOW 'g" Fe S C03 
MECHANICAL 0 GENERAL DAMAGE 

+- +- SCALE -re...- ':g LIGHT o MODERATE 0 

[!] ~ 0 PITTING 

0 (...Oc./1L/7. ED 
o RATHER HIGH 0 
'g SEVERE 0 

BY Bor::::, Pt-- '!2...K.I NS 
MUD tREATMENT: 

I"AtJN4TI-IIN 

*" AI LE4,S-r 20 % Or ,!-ICE 

8'<" It-ttJD f::,oL-/DS - ,-,-16 AC,UAL-

COrz.,2..oS /ot--l RAT e=. W A "; FlPPf2..ox, 

I ADDR ESS 

\ J :~Y--------------------------------------_4----------------------------------------­
. \ 

\ "IN.T EO I N U S .A. 
THI S REPORT IS SUBJE CT TO THE TERMS A ND CONDITIONS AS SET FORTH ON THE REVERSE SIDE 

~ '.' 
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_ ._---._-- - --_._---- -. _ .. ------'-- - --------. " 

--'" -- . - ' -j 

..: o C ~ : )510 : , . )UP BOX HOI -- '>l, T ::--- - 770' : -
o FIELD CORROSION LAB. CITY _____ _ 

~~Hu.GobHr 
1- J , 

. ~ CORROSION R!NG REPORT 
~-O~-IL~;;:;G;~'.JIO SEI-lV-;crsD TITE HOl E 0 YES 0 NO 

COMPOSITE 

OILF I ELD PRODUCTS GROUP-DRESSER INDUSTRIES INC. 
PM-I 017 

NUMBER 
Poge 

OPE:RATOR SURVEY '2'7.. "J,c:. "'- /_ •. 1 S UR FACE: CASING SIZE: 'ZO';lDE:PTH ,-,nO' 1BIT SIZE: 
UNION O I L CO . 01=' CAL\FO\'Zt_HI\ SE:C, :F-./ T ,,--~ -;.;1. R OQ W 1 "-"0 E '2t '2-:2 ' FIE:LD INTE:RMEDIATE CASING SIZE:l ..., ~,-

c.. ,t=',S.U, :> - ":>-J VJILDCA, \~/' I ,3~ 
CONTRACTOR COUNTY 

LO!= FLANC l3.f<.oS, - Rlc:.·'4 5 MILLP-I'Z.'t> 
ENGINEER 

RALPH sow I IS 
ST ATE 

UTA. 1-\ 

za:: ..J l w I 'Q 76 
OW :c..J > ~-
ll..(l) ~- « 10 w 
::>~ 
0::> 

CL I- ! ~ .-

uz LU :2 ! ~ 4: Cl _ a:: 0 

\q34t 
2.'30 Eo-I 
~z.L\ ' t 6-7 

>-

~ liil,I.1 ~ :i 
:i I E I' I- I ll.. ll.. ' 0. 

-:._ ""C 
ll.. ll.. 0. 

ll....Ju .:::: 

U ~I E 
1: •• u - 0. 

~ u.. > a.. >- c,;) 0.. ..:{ u. _ a.. U 0. 

5.bI 34- 1 e I I 12 13 1 \I.e:; 1 16.0 1.&/9 1 4-00 1 40 

" ~ ''''''C COATEO 0 YE' 0 NO >- .?:' 
« r;..: MUD 
o ~ T YPE 

a cO 
Z..J MUD TREATMENT 

?~ \.4- IR.C02 (x-o SLle.) G~'-, 
:2 C-AUS,,-'c:.., ""AN\--lA.,..~'t--I 

4-79 r24 6-'2<'; _'_~I '3,S I 30 [:?H -3 13 1'5 11'2..<5 1 SS,o 1 1.9/~·"3 1 6'50 I A(40 I-f-I 
6.b 3i <;; 3l2. q 11."3 , 3 ',3.0 ,CO/I?, 700 A(40 2 

I 0:2- I -r.z . <:'03 (Yo-o SLI B) 
20 I q 1 (;>- Zl 

70S ~'1'4\ ,-2.. 
3TZ-e. 1 - I -':=> 

--+_":::-_I-~It>,'T~_f2J -.N~'C..t..~~ll.LN\E.C\-\ L~AtJ.\A.§..~ -t"'IlJ\~-I--1 2-
r-- 10.7 1 ~""\ El- >130 11:>/ -.;; '2./"{f<. 

~y.-O ') scAL.ES', caco 3 , IRON 
42~gl-CA.Re.O\-.l(.>,.\a • MAG.\-.lE.'T\' c;--

n &e, ' 37Z6 ' 1 ,-t=. . - 1 Al:$\Il-T~t::> I~TeR. I I() ., I I I 1--1-1-12'h 
j.....:....-'-.:..:...--+I-- F 1 -I II./ 1.<;/1.9 1 '5'2130 1.(40 I 4-6,0 I 7-'(3, 

£).01 I U-o) S(AL.t; - S~t; AS N 70'0 

t<i '32b : '~729- I ,-c:.. 
4';0>40 I -/- '6 

470 14 '-54-° "7_0_ 
4'3 2 e, I -1- 1\ 

~'--+---':- - I A.t=t}lll-Tf-t> I 'N~t R.. I IO.1 I I I I I I~ '2.Y: 164-2 1(1"01" )(-0 S1.l6) St>-M~ sc.~\...ss. 
11 . 1 t6f\." <;;250 L.40 z. , 

~ I AG!l=IA.\~_t::l I W~I'Z. 1 H./ I I 1.'5/"'l I· 6'2'50 1.<:-4-0 1 1 12. II 1'30\ 1 (X-D) IRo\-.\ C.I'-R@,ON-:-_(:.,_T_ t:..--,.,'--__ ---I 
I -i=--t"\ I ,o . 12... M(:""'N~T\'G, reS 

17&7 ~p~j~_.J"::'\.\ 
';00'1 /-t'3 

\\',~ I + I I I Z Y'L h.40 1-"1 (-'-"f..--"0"...J..) _______ ---1 

! 

DATE SPUD: 6 - 2.4--15 DATE T.D. : 7-l'O-1'2> B,H.T. 
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~~ 
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---------------------------------------------------~~ 
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CORROSION REPORT 
6-21-78 

...t G7Q 2 - - - - ------,.---, - -----
" FROM 

Union Oil of California MAGCOBAR DIVISION , 

FIELD CORROSION LAB: 
-

~ 1020 Atherton Dr., Suite C-201 
CITY. STATE AND ZIP COo.E 

(Loffland Rig 5) Salt Lake City, Utah 84107 
SUBJECT WELL NUMBER IAREA 

C.F.S.U. 31-33 Salt Lake 
)py TO COPY TO 

Harold Hoss Steve P,Le D_~~ Thomas Jim Fox TQm Co~ ____ 
cOP Y TO COPY TO 

- Bernie Sansing RalJ2h Bowie Art Vincent Dee Slaugh Bob Perkins 

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

pulled 6-7-78 
OUPON NUMBER 19341 PULLED AT A DEPTH OF ___ ~1~2.:!4=-1 __ FT. SHOWED A CORROSION RATE OF 

* Ap-IlrQx 1. 4 L B/FT 2/y R._·_--'t"'"rkca""""c"'e ______ CAR BONA T E ____ -4lpu.s.llc.Li"'v"'e'--___ SU L FlO E • 

COUPON NUMBER _______ PULLED AT A DEPTH OF ________ FT. SHOWED A CORROSION RATE OF 

______ LB/FT2/YR. ___ ~ ___________ CARBONATE _________________ ~ SULFIDE. 

COUPON NUMBER ________ PULLED AT A DEPTH OF ______________ FT. SHOWED A CORROSION RATE OF 

_______ L B/FT 2/YR. _____ '--______ CARBONAT E _____________ SULFI DE • 

• !. . .. 
The measured corrosion rate on this ring was 107; however, at 

'~_st 20% of the~ig~t lo~_~~?s due to mechani~~l erosion b,~y---~~~--~--~-~~.~-~.~ 
Jd solids. giving a true corrosion rate of about 1.4 lb /ft2/yr 0 Following or. ,h. conv ... ion ra'es bet ..... n the 

various units (or steel coupons (sp~ci(jc gravIty 

H2S W1!S en_count~red two d<!y"s before this ring was pulled. Zinc 7.86): 

I"arbonate has been used to treat for H2S during drilling since mpy = 24.62 X Ib/1t2/yr 

J.aLJ:..1I])? ... o _________________ ....,.-______________ ---J mpy = 5.03 x kg/m 2/yr 

Ib/h2 /yr:: 0.04 x mpy 

__________ --'-_________________ . _________ ....j Ib/1t2/yr = 0.20 x kg/m2/yr 

vlSTRIBUTION 

, _ AREA EN61NEER 
2 - FIL E 
, _ ENG. MANAGER 
4 _ ENGINEER 
'5 - FIELD 
6 - FIL E 
., - EXTRA COpy 

PLEASE CONTACT THE OPERATOR 

kg/m2 /yr:: 0.20 x mpy 

kg/m 2 /y •. = 4.90" Ib/1t2/yr 

AND CONTRACTOR CONCERNING THIS REPORT. 

TITLE .... REA PHONE NUMBER 
CODE 

Sales Engineer 801 262-9954 



l~ CORROSION REPORT 
~ - -

'-,_,I'< .• ...c:t .. .....aIO 

"-P79~2 
rA~~ 

]CORROS.ON RepORT NO 

~ F-1J~JJ2 ____ -
) FROM 

Union Oil CO. MAGCOBAR DIVISION 

FIELD CORROSION LAB: 
~ ~ 

; 

~~ 10Z0 Atherton Dr. , Suite C-Z01 

CITY. STATE AND ZIP CODE 

(Loffland Rig 5) Salt Lake City, Utah 84107 
SUBJECT WELL NU-MBER IAREA 

C.F.S.U. 31-33 ~ Salt Lake 
;-P Y TO COPY TO 

Harold Moss Steve Pye Dee Thomas. Jim Fox Tom Cox 
c opy TO COpy TO 

Bennet Smith Ralph Bowie. Art Vincnet Dee Slaugh Bob Perkins 

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

pulled 6-Z7-78 
:lUPON NUMBER __ 4-'-.!-79:o-____ PULLED AT A DEPTH OF __ -=Z...::0...::1...::9_, __ FT. SHOWED A CORROSION RATE OF 

__ -=o--" • .=Z'--__ L B/F T '/Y R. __ -'--t1:'--·::::ac::cc::e'--_____ CAR BONA T E _____ n_e--=g"'-a_t_i_v_e ____ SU L F IDE. 

pulled 7-5-78 
COUPON NUMBER __ 7'-0=8 ____ PULLED AT A DEPTH OF_'-----'3:...:7--=2=-8=--__ FT. SHOWED A CORROSION RATE OF 

___ 4.:.-2=-:..' 7::-.8,,--_L BJF T 2/y R. __ -,P,-O_S_l._· t_l._· v_e _____ CA R BON AT E ____ n_e-=g:...:a_t_i_v_e _____ sUL FI D E. 

COUPON NUMBER_-=1.=-7..:...6..:...8 ____ PULLED AT A DEPTH OF_--.:._4_5_7_O ___ FT. SHOWED A CORROSION RATE OF 

__ 8-'.'-0-'1"--__ L B/ F T 2/y R . __ ~pO--0_s_i_t_i_v_e _____ CA R BO NA T E ____ n_e_g=---a~t-i-v-e-----SUL FI DE. 

Ring #708 was run after switching to air drilling with water 
injection. Ammonia, caustic, and Unisteam,were used for corrosion 
~'1ntrol during this interval. Some of the ,.,eight loss on ring 

iCYS was due to mechanical damage. The actual corrOSl.on r at'''e'-·,'''.,---a--S.--r-=F-070lI-ow-iC-n-g-o-,.-:-th-.-c-o-nv-.-IS'"''i-on-,o-,-.,~b.-'-w-.-.n----'th-. 

estimated to be something over 30 lb/ft2/yr. During the run of voriou, unil, for " •• 1 coupons (sp.cific grovoty 
7.86): 

ring #[768, sodium nitrite arid cau-stic were useoIor corrOSl.on mpy = 24.62 x Ib/ft2/yr 
mtrol. Both 11708 and 111768 were scaled with calcium carbonate, mpy= 5.03xkg/m2/yr 

~~~'on carbonate, and Magnetite. Ib/ft2/yr = 0.04 x mpy 
__ ~ _____________________ ~ _______ • _______ ....j Ib/ft2/yr = 0.20 x kg/m2/yr 

kg/m2/yr = 0.20 x mpy 
kg/m 2 /yr = 4.90 x Ib/ft2/yr 

PLEASE CONTACT THE OPERATOR AND CONTRACTOR CONCERNING' THIS REPORT. 

~=b 
.\~~O 

v.STRIBUTION; 

\ - '-REA ENGINEER 
2 FIL E 
3 - ENG. MAt"jAGER 
... _ ENGINEER 
S ..... F1E.LD 
e - FILE 
7 - EXTRA COpy 

TITLE 

I Sales Engineer 

.... REA 
CODE 

801 

PHONE NUMBER 

262-9954 



CORROSION REPORT 

FROM 

Union Oil Co, MAGCOBAR DIVISION 
----------------------------

FIELD CORROSION LAB: 

~ 1020 Atherton Dr., Suite C-201 
-----------------------------------------------------~'C~I~T7.Y~.~S~T7A~T~E~A~ND ZIP CODE 

(Loffland Rig 5) Salt Lake City, Utah 84107 
SUBJECT WELL NUMBER IAREA 

Salt Lake C,F.S.U, 31-33 
5"py TO COpy TO 

Harold Moss Steve Pye Dee Thomas Jim Fox Tom Cox 
COPY TO COpy TO 

Bennet Smith Ralph Bowie Art Vincent Dee Slaugh Bob Perkins 

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

pulled 7-8-78 
OUPON NUMBER ___ -.e1:..:9C-:3:..:2:::6=---__ PULLED AT A DEPTH OF ____ 4-'..:5::..-4-'-'O=---__ FT. SHOWED A CORROSION RATE OF 

____ 8_, _4_2 __ L B/F T 2/Y R. ___ ---'P:..:o:..:S:..:J.:::· t=-J.=· v--'--=e ____ CAR BONA T E ______ n_ega ti ve SULFIDE. 

COUPON NUMBER ____ 4_7_0 ___ -'-0 PULLED AT A DEPTH OF 
pulled 7-11-78 

40-=8_2~8 ___ FT. SHOWED A CORROSION RATE OF 

_____ 8_,_0_1 __ L B/F T 2 IY R. ___ ---'p~o_s_i_t_i v_e ____ CA R BON ATE ____ --"-p_o_s_i_t_i_v'-e _____ SU L FI D E. 

COUPON NUMBER ___ 1_7_6 __ 7 ___ PULLED AT A DEPTH OF 
pulled 7-13-78 

0_--,-5_0_0_9 ___ FT. SHOWED A CORROSION RATE OF 

___ -=-7:..:,_4:..:8'---_ L BI FT 2/y R. ___ -'-p:..:o_s_i __ t_i_'v_'e'---___ CAR BO NAT Eo _____ n_e~g_a_t_i_v_e _____ SUL F I DE. 

Rings #19326 and #1767 were scaled with Iron Carbonate, Ca1citw 
Following ore the conversion rotes l:ety,een the 

varbonate, and Magnetite. 11470 had small amounts of FeS on its vorious units for stoel coupons (specific gravity ________ '-'-___ -=-___________________________ -1 7.86): 

urface - an indication of H2S inOthe system, #470 was also scaled 
mpy =: 24.62 X Ib/fl2/yr 

mpy =: 5.03 X kg/m 2/yr 

Ib/fl2/yr =: 0.04 X mpy 

with Iron Carbonate and Nagn_e_t_i_to_e_, __________________________ -llb/fl2/yr =: 0.20 x kg/m2/yr 

~ CONTACT THE OPERATOR 

GNEbD\7~l~ 
, 

IJISTRIBUTION, 
1 _ AREA ENGIt~EEA 
2 - FILE 
3; - ENG. MANAGER 
.<t _ ENGINEER 

'" - FIELD 
6 _ FIL.E 
7 - EXTR .... COpy 

kg/m2 /y, =: 0.20 x mpy 

kg/m 2/yr =: 4.90 x Ib/fl 2/yr 

AND CONTRACTOR CONCERNING THIS REPORT. 

801 262-9954 0 

TITLE 

I Sales Engineer 

AREA PHONE NUMBER 
CODE 

-----------



Technical Memorandum 
Research Department 
Union Oil Company of California 
Union Research Center, Brea, California 

To: 

From: 

Division: 

Subject: 

Mr. G. W. Hendricks 
Mr. D. L. Ash 

D. · S. Pye----· 
W. C. Allen 

I;:xploration & Production Research 

CORROSION CONTROL ON CFSU #31-33, 
LABORATORY TESTS AND FIELD RESULTS 

cc: Library (2) 
Patent ' 

Carl Cron 
M. M. Ellis 
R. O. Engebretsen 
P. W. Fischer 

. D. E. Pyle 

Memo:· 

Date: 

Project: 

Supervisor: 

EExPP 78-110M 

August 29, 1978 

638-18810 
638-67226 

R. F. Krueger 

During the drilling of CFSU 1142-7, 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. 
During the time lapse between the completion of CFSU 1142-7 and the 
drilling of CFSU #31-33, various methods of corrosion control were 
studied in the laboratory, and the most practi~al meihod was selected 
for use during the drilling of CFSU 1131-33. This report summarizes the 
laboratory studies and the field test in CFsuII3l-33. 

CORROSION HAS REDUCED, BUT NOT CONTROLLED 
WITH SODIUM NITRITE (NaNO ) AND CAUSTI.C 
- ' DEVELOPMENT OF AN INERT2GAS SYSTEH IS RECOl'IHENDED 

Our l abora t ory s tudies s howed t hat using s odium nitr i t e (NaN02) and 
mainta ining a high pH with caust ic was the most cos t effec t i ve of t he 
co rros ion cont r ol me thods that would be avai l able by t he time well CFSU 
1131- 33 was drilled . This me thod effecti~ely reduced t he corrosion r a te 
while drilling this well from243 lbs / f t / yr (obtained with a standard 
inhibitor sys t em) to 8 lbs / ft / yr . However , thi s

2
corrosion rate i s 

still unaccep t abl y high (allowabl e rates are 21t/f t / yr ) , especially 
since this oxygen corrosion problem f or ms pits which acceler ate dr i ll 



E&PP 78-110M 2 

pipe damage far beyond what would occur' if the corrosion occurred 
uniformly. Consequently, 33 joints of drill pipe were downgraded at the 
end of this well due to corrosion pits, even though we spent over $68,000 
on chemicals to control this corrosion. However, we have estimated that 
120 joints would have been downgraded, and fishing jobs would have

2 
resulted* had we allowed the coirosionto continue at the 43 Ib/ft /yr 
rate. 

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

1) Loss of pH in the return fluid due t6 CO
2 

stripping, formation 
water dilution, and reaction with drill cuttings. 

2) Reduced inhibitor effectiveness caused bj both ~he concentration 
and type of dissolved solids in the drilling fluid. 

3) Inability to maintain the desired pH and NaN0
2 

concentrations 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 predict 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 syste~ 
be developed and tested as soon as possible. 

CHEMICAL TREATMENT FOR OXYGEN CORROSION DURING 
THE AERATED DRILLING OF CFSU WELL #3l~33 

Well CFSU U31 - 33 was drilled without.using air assist down to 2019 feet, 
and air assist was initiated at thi~ point. The initial corrosion 
control program consisted of maintaining a pH at the suc~ion in excess of 11, 
and injecting approximately 2000 ppm of Unisteam (a proprietary corrosion in­
hibitor) and 2000 ppm of .concentrated NH40H. 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 
(NaN02) method which would be much more costly. 

The corrosion r ing data for the aerated por tion of this well is sumn1arized 
in TABLE 1. The portion of the hole from 2019 to 3728 used the Unisteam,NH40H, 
caustic system . Corrosion was fairly well controlled by this system 
from 2019 to 2920 , but went complete ly out of control in the interval 
from 2941 to 37 28 . Th e s odium nitri t e pr ogram wa s i nsti t u2ed at 37 28 , 
and ma rkedly r educed t he corrosion ~ a t es ( f r om 43 to 8U/ f t / yr ) . 
However , t he cor r osion ra~es (80/ft / yr ) were still well above t he 
acceptabl e limit of 20/ ft / yr. 

* Bes ' des our mm calcul ations presented in t his memo r andum , a simi l ar 
op i n i on was r ea ched by t he dr illing con tractor l . 



E&PP 78-110M 

POSSIBLE REASONS WHY THE CORROSION RATE 
DID NOT REACH ACCEPTABLE LEVELS 

3 

There are two possible reasons why the corrosion rates were not reduced 
to acceptable levels: 

1. Upset conditions which allowed the concentrations of NaN0
2 

and/or 
pH to drop below the critical level part of the time. 

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

TABLES 2 and 3 list data from monitoring and chemical analyses of the 
drilling fluid during drilling. 

Although we did not have a continuous monit~r of NaN02 concentration, 
estimates made from TABLE 2 would indicate that the NaN02 concentration 
at the suction line was below 1.5 lbs/bbl, 7% of the time during bit run 1 
(7/5-7/8) and 0% of the time during bit run 2 (7/8-7/11). We did have a 
continuous monitor on pH, which indicated the pH at the suction was . 
below 10.0, 2% of the time during bit run one and '6% of the time during bit 
run 2. The return pH was below 10, 100% of the time, and the return NaN0

2 concentrations were below 1.5, 50% of the time during bit run 1 and 0% of 
the time during bit run 2. Although having the concentrations below the 
desired amounts part of the time may be partly responsible for the 
higher corrosion rates, the large quantities of totally dissolved solids 
(TDS) and chloride ion (Cl-) content were more likely candidates. As 
shown in TABLE 3, the TDS was as high as 10,000 ppm. A total analysis 
was not made as frequently as Cl- analysis, and TABLE 2 shows a maximum 
Cl- concentration of 5500 ppm. This was considerably higher than the 
concentrations in CFSU #42-7 which reached a maximum TDS of 9,400 ppm 
and Cl- concentration of 2450 ppm. 

Since the literature indicates 2 ,3 that an increase in Cl- is one of the 
primary problems in controlling oxygen corrosion, we increased the NaN0

2 concentration, but withotit knowing how high we should go to achieve 
control. From the corrosion rates observed, one might conclude that 
we did not go high enough, or that NaN02 \vill not be able to control the 
corrosion in the presence of the dissolved salts encountered in the 
drill water in CFSU #31-33. 

One of the major problems in controlling the corrosion was the inability 
to control or maintain a high pH in the returning fluid as shown in 
TABLE 2. Although we \vereable to obtain reasonable concentrations of 
NaN02 in the return fluid, the pH was always below that required for 
adequate inhibition. There 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) reaction with gas (primarily COZ) produced from the well. 

Based on the observed reductions in NaNO
Z 
~oncentrations, diluiion with 

formation waters would not be adequate to explain the pH reductions 
encountered, but it is undoubtedly responsible for part of it. Reaction 
with the drill cuttings is an unknown. Reaction with CO

2 
is a definite 

possibility since the produced COZ concentrations were h1gh, but both 
the C?2 effect and the reactions with the cuttings are difficult to 
quant1fy. 

From these data (TABLE 2), we know the pH in the return fluid was 
always below that required for inhibition at the surface, and was almost 
always high enough to achieve 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 measurements were all made 
on the inside of the drill pipe ~.;rhere the pH is controlled. As wili be 
seen in the next section, the damage to the drill pipe exceeded that 
which would be expected from the average metal loss determined from the 
coupons, and an increase in.exterior corrosion dua 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 
surfa~e area as calculated from the coupons) compared to the metal loss 
being concentrated over a smaller pitted area. Pitting is characteristic 
of oxygen corros~on. 

DRILL PIPE LOSS AND ECONONICS 

At the end of this well, 33 joints of pipe were downgraded due to pitting 
caused by corrosion (TABLE 4). He estimated that 120 joints would 
probably have been lost if the NaN0

2 
inhibitor procedure had not been 

used. Since approximately $68,000 1n chemicals were used in this corrosion 
control attempt, the cost is about at the break-even point compared to 
purchasing drill pipe. However~ the damage would have been so severe on 
some of the drill pipe (2 joints went to junk as it is) that failures of 
the drill string (fishing jobs) probably would have occurred, along with 
damage to the casing. 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 justified • 

. i 

ESTIHATING DRILL PIPE.LOSS FROM COUPON RESULTS, AND 
. A COHPARISON TO ACTUAL DRILL PIPE DANAGE ENCOUNTERED 

TABLE 5 shows the number of joints that would experience a given thickness 
reduction, both for the present well CFSU #31-33 and the last well 
r't;'CTT 111. ') _ 7 
V,,:IJV "...,.£. I. 
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TABLE 4 shows the amounts of drill pipe that were downgraded for each well. 

Comparing 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 specified 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 not 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 10 
to 15 mils average metal loss occurred. 

One final uncertainty should be noted from TABLE 1. The corrosion rates 
based on air time decreased significantly when NaN02 was introduced, but 
climbed when the air time/total time was reduced .. This indicates there 
are other factors contributing to corrosion besides oxygen, and that some 
corrosion rate exists (2-4#/ft 2/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 aq inefficiency in the oxygen scavenger, as we didn't 
measure residual oxygen contents, and there may still have been residual 
oxygen present. 

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

Oxygen corrosion ,is a problem in almost ,all drilling operations. Normally 
the oxygen is present in only small 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 drilling fluid by 
either chemical or mechanical 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 
downhole. Neither chemical nor mechanical removal systems are operable 
under these circumstances, and inhibitors must be used. An inhibitor in 
this case is defined as a chemical which prevents the oxygen ~rom reaching 
or reacting with the surface of the pipe, but does not remove the oxygen 
from the drilling fluid. 

CORROSION CONTROL OPTIONS THAT WERE CONSIDERED, 
A~D THE LABORATORY TESTING OF PROMISING SOLUTIONS 

Numerous methods of controlling corrosion were considered. Candidates 
were rejected based on: 

1) Cost - when the cost exceeded the replacement cost of the drill 
pipe, the method was considered uneconomic. 
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2) Availability - the method had to be operational for the drilling of 
CFSU 1131-33. 

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

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

Non-Oxygen Containing Gases 

'One certain 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 considered: natural gas, nitrogen, and combustion gas. 

Natural gas was discarded because: 

1. It is not readily available. 

2. It represents a potential personnel hazard. 

3. It is costly. 

Nit.rogen was discarded because: 

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 maintained. 

This left combustion gas. Combustion 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, residual 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 drilling fluid.) The effect of the acid gas components 
must be negated, or they will cause nle~hanical 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 operating system within 
the allowable time frame. 

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

TABLE 6 summarizes the results of our laboratory inhibitor studies. Since 
we are not reproducing the field s~stem 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 interesting 
observations which can be made from these data. 

First, the concentrations required to achieve inhibition are many orders ~f 
magnitude above the concentrations the literature indicates is applicable • 
However, the drilling fluid used in these tests was simulated from an 
analysis of the waters present in CFSU #42-7, and these watzrs 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, wide 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 1142-7. Unfortunately, this turned out to 
cause problems, because the conditions in CFSU #31-33 were more severe than 
the worst conditions in CFSU #42-7. 

Sodium nitrite was selected as the inhibitor for the field test, based on 
the data in TABLE 6. This conclusion is also supported by data that Dresse~ 
Industries obtained for us in their test system which is entirely different4 • 

Of the other candidates: 

1) Amines were eliminated because they were not effective at practical 
concentration levels. 

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

3) Caustic (high pH) was eliminated because it causes personnel hazards. 
At pH levels exceeding 13, chemic?l burns will result from even short 
duration skin contact. 

4) Silicates were eliminated because: 

a) they resulted in an increase in the corrosion when an under-treated 
condition existed 

b) very high concentrations were required 

c) they are difficult to handle 

d) they may cause unknown precipitation problems. 
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LABORATORY TESTS ON SODIUM NITRITE (NaNO~ 

Once NaN0
2 

was selected as candidate inhibitor, more extensive tests 
were conducted to define the important parameters which control its effec­
tiveness. Unfortunately, there was insufficient time to do all the desired 
te~t work prior to drilling CFSU #31-33. The important parameters are: 

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

2) The concentration of the N02 ion. 

3) The pH of the drilling fluid (the OH- ion concentration). 

8 

TABLE 6 and FIGURE 1 sho,v the results of the data we accumulated on N02 con­
centration and pH. These indicate that a minimum specification would be a 
concentration of 1.5 II/bbl NaN0 2 and a pH of 10.0. 

However, due io the shape of the corrosion rate versus concentration 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 lbs/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 solids, N02-' and OH-are 
all interrelated. \v~ should develop a ternary diagram defining the concentra­
tions of OH- and N02 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. 

REFERENCES 

1. Letter from H. E. Mallory of Loffland Brothers ~ Company, Tulsa, Oklahoma 
to Stephen Pye, Union Oil Company, Brea, California, dated August 21, 1978. 

2. M. J. Pryor and M. Cohen, "The Inhibition of the Corrosion of Iron by 
Some Anodic Inhibitors", Jo. of the · Electrochemical Society, Vol. 100, 
No.5, 205 (1953). 

3. 0. L. Riggs, Jr., J. D. Sudbury and Herle Hutchison, "Effect of pH on 
Oxygen Corrosion at Elevated Pressures" , Corrosion- National Association 
of Corrosion Engineers, Vol . 16, 94 (June 1960). 

4 . Le t ter fr om Tom Cox of Dresse r Industri es, Houston, Texas to Stephen Pye, 
Union Oil Company, Brea, California, dated June 21, 1978 . 

DSP : \vCA/ ms 
Att. 

.~ 



9 IZ _ -"'ONflt>k_"",mVT& gl'!~,J:l\,.""m~~~i~'~W~?:rSml~'~~~;..,\·;;;m'M'e.~,,~~'i:~~~-:;;'~l~iWtw~~.r~'.J?>IJ,,"J;lslQI.·_~~.,..,-u.~'rY~~\:I''''W'''''-'-~~WoWA~_.~~~ __ '''''~ ________ ~' ____ _ 

-:~-.~-~"":.~-.;;..:-- -~ - '~.--'~ 

/ 

TABLE 1 

CORROSION COUPON TEST RESULTS 
Carras i on 

Time Spent Drilling Rate Based 
on jl,i r' Original Final Corrosion (including Injection Coupon In Out Depth Depth Weight Weight, Total Rate, 1b/ connections) 

Numbe'c Date Time Date Time in out grams grams Hours sq. ft./yr Remarks with ai r without air Tri P, Other -.l.:\~ 

19351 6/28 2200 7/1 2000 2019 2920 138.3556 136.8368 70 4.49 CaC03, FeC03 62.0 6 2 4.8 
magnltite 
light pitting 

708 7/3 1030 7/5 1620 2941 3728 135.8783 123.9178 54.8 42.78 Meehani ea 1 da'mage 45.5 0 9.3 0 51.5 
Same scale 

1768 7/5 1630 7/8 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 
the same 25 3/4 0 27 8 1/4 19.0 

1767 7/11 0200 7/13 1600 4828 5009 133.6703 131.3051 62 7.48 Same scale 5 9 22 26 92.7 

1771 7/14 . 1400 7/18 1000 5009 5221 134.2887 133.7432 92 1. 16 CaC03--no air in- 0 30 30.5 31.5 00 

jectlon during this 
time, drill pipe 
pulled in casing 
during "other". 
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TABLE 2 
j ~ 

CHEMICAL t40NITORING OF THE DRILLING FLUID I, 

NaN02 Cl 
Concentration, Concentration, 
[!oundsLbarrel ~H ~~m 

Date Time Depth Suction Returns Suction Returns Suction Returns Remarks 

7/5 2100 3.6 12 
2220 3.8 
2230 11.8 
2300 2.04 11.1 
2330 2.B2 1. 08 11.2 7.8 
2400 1. 74 1. 26 10.7 7.9 

7/6 0030 1.80 1. 68 11.4 7.8 
0100 2.2B 11.4 
0130 2.58 1. 02 11.5 8.3 
0200 2.82 11.4 
0230 1. 92 1. 02 11.1 7.9 
0300 2.52 11.3 
0400 3.00 11.6 
0430 2.04 7.8 
0500 3.54 11.7 No returns . 

. 0600 2.10 11. 8 
0700 1. 74 10.5 Tripping jet sub. 
1200 1.38 1.56 11.4 7.4 Intermittent returns. 
1300 3.24 11.0 
1400 3.78 12.1 
1500 1.98 11.8 1000 
1550 1. 92 8; 1 2500 
1600 3.6 11.7 600 
1700 0.6 11.7 
1800 2.91 11.5 
1815 Started injecting 

ammonia 
1900 1.5 11.4 
1915 1.38 8.1 1750 
1940 0.96 7.6 2600 
1950 1. 20 7.7 3000 
2005 1.05 7.8 3300 
2015 2.16 1. 05 11. 0 7.9 2000 3500 
2100 1.80 0.75 10.0 7.4 2700 3800 
2130 2.4 1. 26 11. 2 8.0 3100 4600 
2200 2.4 1.65 11. 0 8.5 3400 4300 
2300 2.1 1. 20 11.1 8.1 3700 4800 
2400 4073 2.25 1.35 . 10.9 7.4 3800 4600 

7/7 ,0100 4096 2.43 1.86 11. 2 8.3 3300 3800 T~IO compressors on 
0200 4107 3.00 2.40 11.5 10.4 3400 3500 at 0145. 
0300 4125 2.85 1. 65 10.6 8.6 3500 4000 
0400 4136 2.70 11. 0 3900 One compr. at 0400. 
0430 4148 1. 35 8.2 4400 
0500 4158 2.85 1. 05 11.4 8.5 3800 4600 Two compressors 
0600 4172 2.46 2.25 11.6 9.6 3600 4100 at 0530. 
0700 4196 2.58 1.65 11. 5 8.8 3900 4200 
0800 4215 3.00 1. 59 10.5 8:8 3900 4400 
0900 4237 3.45 2.01 11. 0 8.8 4150 4450 
1000 4255 3.78 1. 80 10.8 8.6 4200 4800 
1100 4269 2.10 1. 26 10.8 8.3 4500 5250 
1200 4293 2.61 1. 56 10.7 8,9 4500 5000 

1300 4309 3.00 1.80 10.3 8.6 5000 4350 
1400 4325 3.30 1. 35 11.0 8.6 4500 5500 
1500 4340 3.51 1. 95 11.3 8.7 4340 4750 
1600 4350 3.33 1. 44 11.6 9.0 4450 4750 
1700 4382 3.45 1. 50 10.8 9.0 5200 5300 
1800 4397 2.88 1. 80 10.4 8.5 5000 5200 
1900 4422 2.94 1. 56 11. 1 8.9 4900 5100 
2000 4436 3.00 1. 68 11.2 9.0 5000 5100 
2100 4460 2.58 1. 50 11.8 8.5 5400 5300 
2200 4481 2.64 1. 56 11.5 8.7 5300 5200 
2300 4491 2.25 1. 20 12.4 8.6 5300 5100 
2400 4510 3.45 1. 20 ·10.4 8.3 5000 5200 

.->==e=<J.l .... ,,-..!\ 
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TABLE 2 
(Conti nued) 

NaN02 Cl-
Concentration, Concentration 
~ounds/ba rre 1 ~H ~~m 

Date Time Depth Suction Returns Suction Returns Suction Returns Remarks 

7/8 0100 4531 3.30 1. 26 11.7 8.5 5100 5300 
0200 4544 3.24 1. 35 11.5 8.6 5150 5200 Trip--33 stands 

looked all right, no 
magnitite. 
32 stands and the 
drill collars looked 
bad with magnitite 
growth. 

1730 3.63 11.4 4700 
1800 3.69 11.6 4600 
1900 3.9 1. 05 11.2 8.3 5000 5100 
2000 3.69 1. 20 11. 4 8.4 4900 5300 Pipe stuck about 30 

minutes. 
2100 4544 3.45 1. 59 11.2 8.3 4800 5150 
2200 2.94 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 11.7 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 11.7 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 

and make connection. 
2200 4796 4.20 2.10 11.8 8.5 ' 4400 4500 
2300 4796 4.08 2.25 11.8 8.0 4500 4600 
2400 4796 4.08 2.10 11.8 8.1 4700 4600 



TABLE 3 

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

Data are in milligrams/liter unless othenvise noted 

Date June 30 Jul~ 1 

Depth, feet 2455 2825 
Turbi di ty, NTU 150 260 
Conductivity, umhos/cm 11 ,700 11 ,780 
pH 8.77 7.38 
lOS 7600 7655 
Alkalinity as CaC03 836 394 
As . 0.970 0.379 
HC03 888.1 480.6 
Ba 0.07 0.29 
B 0.15 0.30 
Cd 0.004 0.006 
Ca 5.60 200 
C03 64.8 <0.01 
Cl 3440 . 3550 
Cr <0.001 <0.001 
Cu 0.065 0.049 
Surfactants <0.05 <0.05 
F 3.10 3.20 
Li 12.05 12.46 
Hardness as CaC03 24.0 560 
Fe 3.20 8.78 
Pb 0.345 0.350 
Mg 2.40 14.40 
Mn 0.249 '2. 084 
Hg <0.0002 0.0002 
Ni 0.685 0.680 
N02 0.04 0.03 
N03 <0.01 <0.01 
K 423 452 
Se <0.001 <O.OQl 
Si 77.5 25.5 
Ag 0.026 0.032 
S04 272 720 
Na 2530 2475 
Zn 0.084 0.231 

* Analysis was made by Ford Laboratories, 
Salt Lake City, Utah. 

Ju1~ 5 yJ!.!Ll 

3720 4170 
200 390 
12,300 15,380 
7.94 9.79 
8000 10,000 
210 1440 
1. 131 5.707 
256.2 658.8 
0.16 0.47 
0.25 0.50 
0.007 0.045 
62.4 14.4 

<0.01 540 
3410 3900 
0.048 0.006 
0.077 0.166 

<0.05 <0.05 
2.90 3.60 
11.62 13.31 
188 20.0 
11.1 10.6 
0.345 0.420 
7.68 3.36 
0.328 0.016 

<0.0002 0.0007 
0.688 0.975 
0.02 <0.01 

<0.01 <0.01 
465 443 

<0.001 0.007 
64 79 
0.030 0.037 

. 1000 760 
2916 4000 
0.051 0.41 

Jul~ 20 

3000 
80 
2035 
7.44 
130 
200 
2.991 
244 
0.15 
0.20 
0.040 
74.4 

<0.01 
502 

<0.001 
0.914 

<0.05 
1. 03 
1.164 
266 
2.154 
0.006 
19.2 
0.043 

<0.0062 
<0.001 
0.45 

<0.01· 
56.2 

<0.001 

<0.001 
187 
355 
0.104 

lit 

r , 

I 
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TABLE 4 

DRILL PIPE LOSS 

CFSU Well 31-33 

238 joints were inspected 

Joints downgraded 

17 

3 

1 

11 

33 Total 

CFSU \vell 42-7 

Starting Grade 

Premi um 
Premium 
Premium 

2 

2 

218 joints of premium pipe were inspected 

Joints downgraded 

82 
28 

7 

117- Total 

Starting Grade 

Premium 
Premium 

Premium 

Ending Grade 

2-

3 

5 

3 

5 

Ending Grade 

2 

3 

5 

! 

I 



TABLE 5 

NUMBER OF JOINTS EXPERIENCING A PARTICULAR 
LOSS 'IN AVERAGE WALL THICKNESS AS CALCULATED 

FROM THE CORROSION COUPON RESULTS 

CFSU Vlell 31-33 CFSU Ive 11 42-7 
Thickness Lost, Thickness 

Number of Joints mils Number of Joints mils 

33a 
0 33a 0 

7 0.3 4 
8 1.6 4 2.9 

18 3.0 11 3.9 
27 4.5 19 5:3 
29b 11. 2 21 7.4 
15 12. ] 15b 8.4 

14 9.4 
21 10.2 
22 12.1 
.12 13.6 
11 14.8 
13 15.7 
21 16.8 

Lost, 

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) f 30. 
It was also assumed that no corrosion occurred on the pipe before air 
drilling was initiated, and that corrosion. only occurred on the exterior 
of the pipe (the interior was plastic coated). If the internal coatings 
failed and there was corrosion on both surfaces, the average thickness 
lost would be twice that in the table. 

b This is the approximate point where the number of joints that were down­
graded (TABLE 4) would fall, between 11 and 12 mils on CFSU Well 31-33 
and 8· and 9 mils on CFSU Vlell 42-7. 
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TABLE 6 

CHEMICAL CORROSION INHIBITOR TESTS 
IN THE LABORATORY 

Concentrations Used Corrosion Rate 
Coml2ounds Used l2ounds/barrel lb/sq.ft/yr 

Blank 19.2 
20.8 

Unisteam R Ammonium 0.39, 0.39, 0.12, 22.3 , 
hydroxide, organic 3.9, 3.9, 1.2 5.5 
phosphonate 

NaCr04 0.7 7.4 
1. 24 1.1 
1. 75 0.8 

Caustic Quantity of caustic 50.0 
required was not 0.8 
measured. Sufficient 1.0 
.quantity wa s added to 0.2 
obtain the desired 
initial pH. 

Na2S03 3.2 49.0 

Nat~i03 37.6% 4.8 36.8 
ac lye 9.7 0.2 

NaN02 0.35 22.1 
1.1 4.6 
1.1 11. 5 

NaN02 at 1. 75 31. 9 
di fferent pH 1. 75 24.6 

1. 75 10.9 
1. 75 10.0 
1. 75 0.4 
1. 75 0.4 
1. 75 0.6 

NaN02, NH 40H 1.75,3.5 0. 3 
NaN02, Na 2S03 1.75, 0. 35 0.3 

NaN02, Na~s03 ' organic 
phosphona e 1. 75, 0.35, 1.2 0.3 
NaN02, Na

t
s03, organi c 

phosphona e, NH 40H 1.75, 0.35, 1.2, 3.5 0.5 
Na N02 2.6 0. 4 

3.5 0.2 
3. 5 0. 1 

* Thi s test was r un fo r 64 hours . 

I2H 
Initial ' Final . --

9.8 9.8 

11.5 8.8 

9.7 8.7 
9.7 9.6 
9.6 9.2 

11.0 12.4 
13.0 12.9 
13.5 13.2 
14.0 11.0 

10.5 12.2 

10.4 10.1 

10.5 10.9 
10.5 9.9 
10.5 

, 
10.6 

8.0 12.4 
8.5 11.0 
9.0 10.1 
9.5 10.3 

10.0 9.7 
10.5 9.8 
11.5 10.8 

10.5 10. 1 
10.5 9.2 

10.5 9.1 

10 . 5 10.1 
10 .5 9.8 
10 . 5 9.5* 
10 .5 11 . 0 

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 

' pl us t he added compounds. Coupons of J-55 were pl aced in t he solutions in­
side Teflon R bottl es, and the coupons were used to determine the corrosion 
rates. 

L: _ l. . 

: ' 



~~.;';.o,;.~ 

; 
~..=~. .-, 

I.{") 

.-

.a 0 

.a 
"-"*1= :e 

Cl.. 

...., 
NtO 

o = c: 
to ~ 

Z ex: 

4.0 

3.0 

2.0 

1.0 

o 
o 

FIGURE 1 

CORROSION RATE VERSUS NaN0 2 CONCENTRATION Arm pH 

o versus NaN02 concentration 

____ ~ versus pH 

'-------~ 
t -----"'\ 

\ 

2 4 6 8 10 12 14 16 18 

Corrosion Rate #/ft2/yr 

< 
~"" •. i;J.. :. 

.. 
., .. ,. 

- - ----1:.- __ 

20 22 24 26 

J.,.........'-.. __ .-

.. 

12 

.j...l 

cO 

i c: 
~ 

11 0:: 

.-
0 
>-

.j...l 

c: 
0 N 
uo 

:z: 
:ere 
Cl.. :z: 

~~ o .a 
10 .a 

"-c: "*1= 
01.{") 

..... r--. 
.j...l 

"0 
"0 
<:l; 

U 

...., 
II) 

9 ~ 
re 
u 

-------- 8 

28 30 32 



1J~ 
LABORATORY, INC. 

Bacteriological ((~d Chemical Analysis 

40 WEST LOUISE AVENUE 

SALT LAKE CITY, Lh AH 84115 

PHONE 485·5761 

Don Ash 

Name Union Oil Co. of California 
Date: __ A:...:..::.u",-g.c.;.u;::...s..::.t.....::.1..:.0..!..,...-:..1_9_7_8_ 

Address P.O. Box 6854 

. Santa Rosa, Ca. 95401 

CFSU 31-33, 6-30-78, 2455 ft. , 

Analysis started on: 

Turbidity 150.0 NTU 

Conductivity 11,700 umhos/cm 

pH 
Total Dissolved Solids 
at 180°C. 

Alkalinity as CqCO" 

. Arsenic as As 

Bicarbonate as HCO" 

Barium as Ba 

Boron as B 

Cadmium as Cd 

Calcium as Co 

Carbonate as CO" 

Chloride as CI 

Chromium as Cr (Total) 

Chromium as Cr (Hex) 

Copper as Cu 

Surfactonts MBAS 

Fluoride as F 

8.77 
Units 

7,600 
mg/1 

836.0 mg/1 

0.970 mg/1 
888.16 mg/1' 

Q.Q7 mg/1 

0.15 mg/1 
0.004 mg/1 
5.60 

mg/1 

64.8 mg/1 
3,440 

mg/1 
< 0 . 001 

mg/l 
<0.001 O1g/1 
0.065 

mg/1 

<_0,--.,--0:..-5 ___ mg/l 

3.10 mg/l 
12.05 mgll 

received 7-11-78 

CERTIFICATE OF ANALYSIS 

78-1803-1 

. Total Hardness as CoCO" 24.0 mg/1 

Iron as Fe (Total) 

Iron as Fe (Filtered) 

Lead as Pb 

Magnesium as Mg 

Manganese as Mn 

Mercury as Hg 

Nickel as Ni 

Nitrate as NO,-N 

Nitrite as NO,-N 

Potassium as K 

• Selenium as Se 

Silica as SiO, 

Silver as Ag 

Sulfate as SO. 

Sodium as No' 

Zinc as Zn 

3.200 mg/1 

.!L...3...4Z mg/1 

0.345 
mg/1 

2.40 mg/1 
0.249 mg/1 

<0.0002 mg/1 

0.685 mg/l 
0.04 mg/l 

<0.01 mg/l 

~ __ mg/l 

<0.001 mg/l 

77.50 mg/l 

_0_._0_2_6 __ mg/ 1 
272.0 _____ ~_-_mg/l 

2,530 mg/l 

_0_._0_8_4 __ mg/ 1 

_~~--""-~:::::..? ~/2P~~. /. Lithium as Li 
II 

l="r,..J rho.rn:rnl I nh ........ ,.,+ ....... " In .... 
• • ~: - _ .. v .... ~~. ~-~~. ~.~., I ... ~. ) I 

AU (l'ports ore 5vbmitted 01 Iho (onfldenllol property of clients. Au1horhollon for publ,c:ohon d Our reports. conciulIcns. or, extracts from or regarding them. is rC$erVed

7
p t!nd 

log OU( wrilfen appro ... ol as 0 mvlvQI prolectlOn to cllenls, Ihe pvbllc and ovrselvc$. 

F 

I 
I-
I' 

, 
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LABOI~ATORY', INC. 

Bacteriological alld Chemical A!wlysis 

40 WEST LOUISE AVENUE 

SALT L.AKE CITY, UTAH 84115 

PHONE 485·5761 

Don Ash 

Name Union Oil Co. of California 
Date:~ust 10,.1978 

Address p . O. Box 6854 

Santa Rosa, Ca.' 95401 
CERTIFICATE OF ANALYSIS 
78-1803-2 

CFSU 31-33, 7-1-78, 2825 ft. • received 7-11-78 

Analysis started on: 

Turbidity 260.0 NTU Total Hardness as CoCO" 
560.0 mg/1 

Conductivity 
11,780 

umhos/cm Iron as Fe (T ota I) 8.786 mg/1 

pH 7.38 Units Iron as Fe (Filtered) 1. 920 mg/1 
.Total Dissolved Solids 0.350 
at 180°C. 7,655 mg/1 lead as Pb mg/1 

Alkalinity as CqCO" 394.0 mg/1 Magnesium as Mg 14.40 mg/1 

Arsenic as As 0.379 mg/1 Manganese as Mn 2.084 mg/1 

Bicarbonate as HCO" 480.68 
mg/1 Mercury as Hg <0.0002 mg/1 

Barium as Ba 0.29 
m9/1 Nickel as Ni 0.680 mg/1 

Boron as B 0.30 mg/1 Nitrate as NO,,-N 0.03 mg/1 

Cadmium as Cd 0.006 
019/1 Nitrite as N02-N <0.01 m9/1 

Calcium as Ca 200.0 019/1 Potassium as K 
452.0 mg/1 

Carbonate as CO" <0.01 mg/1 Selenium as Se 
<0.001 mg/1 

Chloride as CI 3,550 m9/1 Silica as Si02 
25.50 mg/1 

Chromium as Cr (Total) <0.001 .m9/1 Silver as Ag 0.032 mg/1 

Chromium cis Cr (Hex) <0.001 m9/1 Sulfate as SO, 720.0 mg/1 

Copper as Cu 0 . 049 m9/1 Sodium as Na 2 , 475 mg/1 

Surfactants MBAS < 0 . 05 m9/1 Zinc as Zn 0 . 2_3_1 ___ mg/1 

I 
F1 uori de as F 3

12
.2.

4
°

6 
n
m
l g

g

//" __ ~[/;,Jfu;:/'c;t2 . 
Lithium as Li ~ - -

Ford Chemical Laboratory, Inc. 
I . II 

I All reports ore submilled os Iho (Onilden:lol properly of cllen", Avthorlwllon for pvbll<otion <Ii our rop~ris, (onclu.iens, ot. ext,o<l. from or'regardlng Ih,m, is reserved pcn1 
~our wrillen opp<ovoi o. 0 mulvol prol.ction 10 dien", Ih. public and ou"elv." ~ 

- . ---,--

r 
I 
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~~md 
LABORATORY, INC. 

Bacteriological and Chemical Analysis 

40 WEST LOUISE AVENUE 

SALT LAKE CITY, UTAH 84115 

PHONE 485-5761 

Don Ash 
Date: Aug u s t 1 O. 1 9 7 8 

Name Union Oil Co. of California 

Address p.O. Box 6854 

Santa Rosa, Ca. 95401 
CERTIFICATE OF ANALYSIS 
78.:.1803-3 

CFSU 31-33- 7-5-78. 3720 ft .• received 7-11-78 

Analysis started on: 
. 188.0 Turbidity 200.0 NTU . Total Hardness as CoCO, mg/l 

Conductivity 12.300 umhos/cm Iron as Fe (Total) 11.100 mg/l 

pH Z 94: Units Iron as Fe (Filtered) 8.660 mg/1 
Tofal Dissolved Solids 
at 180°C. 8,000 mg/1 lE;lad as Pb 0.345 mg/1 

Alkalinity as CqCO, 210.0 mg/l Magnesium as Mg 7.68 mg/l 

Arsenic as As 1.131 mg/1 Manganese as Mn 0.)28 mg/l 

Bicarbonate as HCO" 256.2 mg/l' . Mercury as Hg <0.0002 mg/l 

Barium as Ba 0,16 mg!l Nickel as Ni 0.688 mg/l 

Boron as B 0.25 mg/l Nitrate as NO,-N 0.02 mg/l 

Cadmium as Cd 0.007 mg/l Nitrite as NO,·N <0.01 mg/l 

Calcium as Co 62.4 mg/l Potassium as K 465.0 mg/l 

Carbonate as CO, <0;01 mg/l • Selenium as Se <0.001 mg/l 

Chloride as CI :L 410 mg/l Silica as SiO, 64.0 mg/l 

Chromium as Cr (Total) 0.048 mg/l Silv:er as Ag 0.030 mg/1 

Chromium as Cr (Hex) <0.001 mg/l Sulfate as so, 1.000 mg/l 

Copper as Cu 0.077 mg/l Sodium as N9 2.916 mg/l 

Surfactonts MBAS <0.05 mg/1 Zinc as Zn 0.051 mg/1 

Fluodde as F 2.90' mg/l ~;~~ lithium as li 11.62 mg/l 
Ford ChemiCOlab~ratory, Inc. 

lJ 

All repo", o,e .ubmlHod a. '''a coolido,,'i,,1 P'OP:"Y of dienl,. Aulhori,otion foe publication "'our roporu. conc;u,icn •• or •• x,~o'" fro", or '"Qording ,hem. is ,.served pc,! 
Ing our wrillen approval os a mutual prot~cljon 10 dicnh. tho public and ovrselvos. 

~ 

r 
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LABORATORY, INC. 

Bactai%gical and Chemical Analysis 

40 WEST LOUISE AVENUE 

SALT LAKE CITY, UTAH 8<1115 

PHONE 485·5761 

Don Ash 

Union Oil Co. of California 
Date:~st 10, 1978 

Name 

Address p . O. Box 6854 

Santa Rosa, Ca. 96501 

CFSU 31033, 7-7-78, 4170 ft., 

Analysis starfed on: 

Turbidity 390.0 NTU 

Conductivity 15,380 umhos/cm 

pH 9.79 Units 
Tofal Dissolved Solids 

10,000 at 180°e. mg/1 

Alkalinity as CqCO" 1,440 mg/1 

Arsenic as As 5.707 mg/1 

Bicarbonate as HCO" 658.8 mg/1 

Barium as Ba 0.47 mg/1 

Boron as B 0.50 mg/1 

Cadmium as Cd 0.045 mg/1 

Calcium as Co 14.40 mg/1 

Carbonate as CO, 540.0 mg/1 

Chloride as CI 3,900 mg/1 

Chromium as Cr (Total) 
0.006 

mg/1 

Chromium as Cr (Hex) (0.001 
mg/1 

Copper as Cu 0.166 mg/1 

received 7-11-78 

CERTIFICATE OF ANALYSIS 
78':'1803-4 

Total Hardness as CoCO, 20.0 mg/1 

Iron as Fe (Toto I) 10.600 mg/1 

Iron as Fe (Filtered) ~08 __ mg/l 

lead as Pb 0.420 mg/1 

Magnesium as Mg 3.36 mg/1 

Manganese as Mn 0.016 mg/1 

Mercury as Hg 0.0007 mg/1 

Nickel as Ni 0.975 mg/1 

Nitrate as NO,-N < 0.01 mg/1 

Nitrite as NO"-N < 0.01 mg/1 

Potassium as K 443.0 mg/l 

Selenium as Se 0.007 mg/1 

Silica as SiO" 79.0 mg/l 

Silver as Ag 0.037 mg/1 

Sulfate as so. 760.0 mg/1 

Sodium as No. 4,000 mg/1 

Surfactants MBA5 < 0 . 05 mg/1 . Zinc as Zn 0 . 041 mg/1 

Fluoride as F 3.60 mg/l ~~ ~~ 

I Lithium as Li 13.31 mg/l ~~~.,/€" p 
Ford Chemicallanoratory, Inc. , 

II . II 

I All re"",h Of. ,ubmllt.d o. fho <O,,·f;d' .. l'\fiOI property of ellenls, AuthOrila~iOn for publicotion f:f our 'reports, ccmdusitn$, Of, exfrocts from or re\;lording tht:!m, i~ rc~erve7d pt;'ndJJ 
Ing our wrillcn opproval 0$ 0 muluol ptoltWion to clienls. the public and oUfSclvOl. 

I . . 

r 
I, 
I 
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LABORATORY', INC. 

Bacteriological and Chemical A.nalysis 

40 WEST LOUISE AVENUE 

SALT LAKE CITY, UTAH 84115 

Union Oil Co. of California 
Union Geothermal Division 
P.O. Box 7600 
Los Angeles, Ca. 90051 

Attn: Mr. Neil Stefanides 

Gentlemen: 

PHONE 485·5761 

August 10, 1978 

CERTIFICATE OF ANALYSIS 

78-1803-5 

The following analysis is on samples of water received on July II, 1978. 

Sample: water 

S il i ca as Si 02 mg/l 

Blank #1 5.0 

CFSU 31-33 Depth 2455 1 

6-30-78 9:1 Dil 15.0 

Blank #2 5.4 

CFSU 31-33 Depth 2825 1 

7-1-78 9:1 Dil 22.0 

CFSU 31-33 Depth 3720 1 

7-5-78 9:1 Dil 26.0 

CFSU 31-33 Depth 4170 1 

7-7-78 9:1 Dil 29.0 

Sincerely, 

FORD CHEMICAL LABORATORY, INC. 
, ~. ~ --;7 A / ~ 

~rv/C?~ jl 
L v 1 e S I For d ' d' " J d 

All reportl orC ,ubmltled os tho con •• dt'nlloi properly of (Iu~n's Aulhorllohon for p'6bl,cohOJl " olJr tl!po(l", (OnclVloKns. or, jJ"lracU from or rego
r 

IIlg "lem, Ii .. -'serve ... pl~n 

r 
I 
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LABORATORY, INC. 

n(Jct('/'i()I{)~i('(J1 and Chcmical A Ilalysis 

40 WEST LOUISE AVENUE' 

DON L ASI·' \ 

.AW G 2 2 1978 I, 
SALT LAKE CITY, UTAH 84115 

PHONE 485·5761 

Date:~~gust 18, 1978 
Name 

CERTIFICATE OF ANALYSIS 

______ ~S~a~n~t~a Rosa~,_C~A~' __ ~9~5~4~0~1~ __ ___ · Ii 
Ii Well water l a b e led "De pth 3000 fe e t, 7-20-78" receive d on July 26, 1978: 

Analysis started on: 

Turbidity 

Conductivity 

pH 
Total Dissolved Solids 
at 180°e. 

Alkalinity as CqCO" 

Arsenic as As 

Bicarbonate as HCO: 

Barium as Ba . 

Boron as B 

Cadmium as Cd 

Calcium as Co 

Carbonate as CO, 

Chloride as CI 

Chromium os Cr (Tolal) 

Chromium as Cr (Hex) 

Copper as Cu 

Surfactanls MBAS 
Fluor ide as F 

Lith i um as Li 

July 26, 1978 

-=8-,,-0-,-. ",-0 _ _ NTU 

-2~~-,,3c.:e5,--_um hos/ cm 

7.44 Units 

-=:.lcL,,;::3.:::.2,::,0 _ __ mg/ 1 

_2_0_0_._0 ____ mg/ 1 
2.991 _____ mg/ 1 

_2_44_ .0 _ _ mg/ 1 

0.15 _______ mg/ 1 

--"O~ . .k2..110 _ ___ mg/ 1 

~9_1_0 ____ mg/ 1 

74 ._4_0 __ mg/ 1 

<_0_. _0_1 _ _ mg/ 1 

502.0 _ _____ mg/ 1 

< 0.001 . _ __ mg':1 
<. O. 001 

mg/ 1 

_.~':"~~_mg/ 1 . 
<:., 0 . 0 5 ; 1 ..... __ , . ___ mg; 

1. 03 mg/ 1 

1. 164 mgl1 

Toto" Hardness as CoCO" 

Iron as Fe (Total) 

Iron as Fe (Filtered) 

Lead C;;s Pb 

. Magnesium as Mg 

Manganese as Mn 

Mercury a s Hg 

Nickel as Ni 

Nitrate as NO,·N 

Potassium as K 

Selenium as Se 

-_ ... _-_. _. 

266.0 mg/ 1 

2.154 mg/ l 

1. 976 mg/ 1 

0.006 mg/ l 

19.20 mg / 1 

.~ ° 43 __ .mg/ 1 

< 0.0002 mg/ 1 

< 0.001 mg/ 1 

0.45 mg/ 1 

< O. 01 mg,:'1 

56.20 mg/ l 

<-0.001 mg/ 1 

Silica as SiO, 6 4 • 5 mg/ 1 

~ilver as Ag ~~~~ __ mgl 

Sulfate as S0, ~_?~. ___ mg/ l 

Sodium as Na -=.s-=-=-~_mg/ 1 
~i~ __ ?_' .. ~~~ ____ .. mg/ l 

~r.;;,ke C;~~~Io,y:-';;~---
All repo( 1s ore i ubmi lled o s Ihl' (onf.don rlo! properl y 0' di~nl) . AulhofilUlian 'or pulJ l icO l ioll dour rcpofh. conclusicn~, ur, l· ... l rOClJ f ran) Of rcoordillO thcln . is (t' h :r ""cd pl:nj 
In~ OUf w riflcn approva l a s a 11I", l uol p roh:(tiun 10 d ,en l s. Iho publ ,c and ou!ScI""t.'~ . • / 

[ 
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~fJv~ 
LABORATORY. INC. 

Bacteriological and Chemical AJlalysis 

union Oil Company 
Geothermal Division 
2099 Range Avenue 
Bos 6854 

40 WEST LOUISE AVENUE 

SALT LAKE CITY, UTAH 84115 

PHONE 485·5761 

August 18, 1978 

Santa Rosa, CA 95401 

Gentlemen: 

CERTIFICATE Of ANALYSIS 

78-1956-2 

The following analysis is on samples of water received on 
July 26, 1978: 

Sample: Water 

3000 feet, 9:1 Dilution 

Blank 

Sincerely, 

Silica 
as Si02 

34.5 mg/l 

22.5 rug/l 

INC. 

II 

All ,~porU ore submilled 0, Iht. conl,d:nriol ~top('(IY of die-nil. Avlhorizotion fOf publlcotlon d ,?U( teports.. (nndulic"), or, ,>)t'ro(15 from or reQording th(!m, is reserVOd7
p
cnd) I 

InQ our wI;".n appro,,1 o. a mvlual pral<cl,an 10 chen". Ih. public and ou".lv.!, 'J 



CFSU #31-33 8/9/78 

TEMPERATURE PRESSURE 

0 min 0 Fluid level = 1400' 

500' 195 0 0 Pickup = 2464' 

1000' 200 0 0 WHP = 0 

1500' 202 0 30 WHT = min 

2000' 263 0 210 

2460' 265 0 394 
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UlHI1l3wJ1 . - ''''''''< ~. 

d@ GEOTI-fERMAL DIVISION 
y 

, ~ 

_ . 
--.~.;:O."''''-."l:-';''~,-''''''''''-.+~'.- ' ----. -~-.-. - -- . . . 

SUBSURFACE SURVEY 

f~~ 
Field Work Sheet CPSu. 31-J3 - SI - PT .. 

t OWNER (lNla J Q,L CuJ,I"Ul~ FIELD Cove F"v-t- WELL NAME C 1:::::$ (.,{ Jl- ;r f 

r 
CASING J..QN@[,-J.I <i-O"C? ;J-8'O' ELEV. DATE, :zrLC,J73-

J J ..J'/a: • e /7.]1 ZERO POINT S",,, f1 G,+(6- CC;:L LINER DESCRIPTION, 

<b. 7/sr 'l C· ~SS-'J. DEPTH ;LSS-c.; (~f3.2 t: 
l: R~MARKS: EL. .... I I~ L G 1/(2(.. ± /400' 

~ fi 
PURPOSE GgA Q l(3;,v! S Cd g tie- y 

fi 
ELEMENT Tec-A-'1 IZ SERIAL NO. luI 7?- CLOCK 1741~ TURN STABILIZATION PERIOD 

el!,,&S£ l.b rt. J.J l Z(t91: . 
k MAX. of 

, 
-----, 

ENGAGE STYLUS 1IJ.'6- DISENGAGE STYLUS U18' COR. esc. PRESS, -e-

f 
.. .. 

2,4C4 'PICKUP 01 

- TIME ON BOTTOM 

WELL STATUS 't".ME OF'"P' COTTOM 
"' 

~ 
, 

-:;, SHUT IN, ON PRODUCTION, Op.eILSHah Gate 
~" Clos.e.......B.l·zah Gate ',' 

.... -~ 
I €:--+r y> Prar 

TIMC DEPT", OrF;,.. P-T CRAO. 0 TIME" OEPTH DEFL. P-T GRAD. 0 I TIME DEPTH I DEFL. P-T 
-

; GR ..... O. 0 

I 
I 

~I' 
- ( 

~l 

-t 
" 

·1 
. ! 

0 V'-f I,.J .... ,-.J 

;5'00 1 <i..) "'" ...... i 
{ODD ~()O ~,N i' 
IS-OO .2.,0)" 30 
.).{)60 ;2.. r.,J OL/O 
M'O! ;tCS- :ri4-

i 

I 

I 

I 
I 

'1 
! I 

I I ----
I 
I 
! - -

COMMENTS: 

BY, 
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un~C&n 
GEOTH ERMAL DIVISI ON 

SUBSURFACE TEMPERATURE SU RVEY 

'-'KLC Cove ForJ...T WELL NAM E C Fs. (.,{ .:Jl-JJ 
CAIING _____ -'--____________ [LEV DATE _ _ UiI7E-__ 
LINU, DElCRIPTlON , _______________________________ __ Z£RO POINT S<.J-+{l _ ._G .-47t'E 

OEPTH ~~S~C._1 _________ 

HOLE DESCRIPTION: ------------------------------------- - ~ .--~-- - - - . --_ .--. 
INSTRUMENT _ Lo4 - '?(;y': .. _F~ti!t_· 
SERIAL NO _LQ/~---

~uRPo.£ __ ~G~g~A~Q~/~e~~~r __ ~s~~~~~v~G~r _____________________ _ MAX TEMP ;J..(;.s- of @ d/1:.(;O 
R£MARK. , ___________________________________________ _ 

STA.,LlZATION ,.(AIOD 

V 

PAEuaURr.:8 . GAUGE Goye 
CASING . PSI -G- -G----

DEPTH TEMP, DEPTH TEM P, 

0 /!j ",J 

sOO 1..5.£ 
LOO.v c.>l (.10 

~()O ~)..2. 

,;1. 0 (JI) rz1.. G J 

~~'Q r6. , ,$-' 

-

t , 
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UHfl~~ma 
GEOTHERMAL DIVISION 

SUBSUR~ACE PRESSURE SURVEY 

OWN~" U-vIO,,", 0,( Co ""'Pf..,)h "'~LO COV..oe~~F-",o,-,r,-,-'t __ W[LLN"MEJ::.FS"'y" v/-:1J 
c".'Na ________ --::----,-----=.----~L[V 0" TE _~LV~7~S-------
L'N~" OUCft'I'T'OJ< , f1, 7/K " T/"f:J /0 iL S-S 9 n .. o PO'NT~~-l~G--G..L1:..z..6'"'-c----

_______________ ________ ___ OEPTMJ7.5-s::....<1-.------

HOLE DESC"IPTION : ________________ _________ _________ _ 
INSTRUMENT _ __ ._4lgfL ___ ~ 

______________ ___ _________ SERIAL NO ___ l~_ It_::J..3 ______ _ 

!:c .. u"'n"'p:.'o'-"§"'O(_-"<;~gJ.A~DLL' £<'f..:,J~r_---'\ ..... S'WI:.<J-"t'l>_tl"_"'E-~ ..... .L, __________ _______ MAX TEM P ;. ~_. O,- @ ;;l.'iGO 
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COVE FORT SULPHURDALE UNIT #31-33 

H2S SAFETY PROCEDURES 

Protection of all people on and around the Cove Fort Sulphur-

dale #31-33 location from possible H2S gas poisoning was of the 

utmost importance to Union Oil Company of California. 

With the help of R. F. Smith Company, Union Oil implemented 

a state of the art safety program to ensure the safety of 

everyone. The safety equipment and personnel consisted of: 

1) Safety trailer with 15 - 300 C.F. cylinder cascade air 

supply. system. 

2) Two thousand feet of low pressure air line hose with 

3) 

4) 

5) 

6) 

7) 

8) 

9) 

10) 

11) 

12) 

13) 

14) 

quick connects. 

High pressure air compressor. 

Five low pressure manifolds. 

Fourteen air line masks with escape cylinders. 

Thirteen 30 minute self contained oxygen units. 

Two head-fixed H2S monitor systems. 

Warning sirens and revolving amber light. 

Three wind socks. 

First aid kit. 

Two resuscitators with cylinders (oxygen powered) • 

Flare gun with shells. 

Gas detector (pump type). 

Safety supervisor. 
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There were three H2S gas monitors on the location: one was 

located on the rig floor, on~ under the rig floor at the 

flow nipple, and one at the mud shakers. The monitors were 

set to detect H2S concentrations in excess of 10 ppm and auto­

matically activate a warning siren and revolving amber light. 

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 event of a warning, the men on the rig floor were in­

structed to immediately put on'air breathing apparatus with 

escape cylinders and alternate reserve air line. Air was 

supplied to the masks through manifolds from the cascade 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 sufficient time to allow 

a person to leave the area. 

After it was determined that everyone was wearing a mask, either 

a safety supervisor or drilling foreman would check the area 

for H2S using a hand operated gas detector. One of the 30 

minute self-contained units was worn by the foreman and/or 

supervisor so that he could move safely around the location while 

making the check. If an H2S concentration of over 10 ppm was 

found in or around the work area, the men were required to work 

wearing masks. If less than 10 ppm H2S was found, the men could 

continue work normally. Constant monitoring was continued until 

the gas dissipated. 
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Three wind socks were located strategically around the location . 

If the warning siren sounded when an employee was away from 

either a self~contained air unit or air line mask, he could 

observe the wind sock and move quickly up wind escaping the gas. 

In addition to the above, two oxygen resuscitators and a flare 

gun were on l6cation at all times. The resuscitators were to 

be employed to revive any individual overcome by H2S. If it 

was determined that any H2S leak was adequate to endanger human 

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 present or perform any type of 

service on or in the proximity of theCFSU #31- 33 location 

were given instruction relating to safe operating procedures 

in the presence of H2S gas. Safety instruction was conducted 

in all cases by a qualified representative of R. F. Smith 

Corporation. In addition to instr uction, an inspection for 

broken eardrums was made by an M.D. and all personnel were 

required to be cleanly shaven to ensure an air t ight fit of the 

available breathing apparatus . 

Many sch eduled and unscheduled H2S drills were conducted, exposing 

e a c h perso n associated with t h e dri ll ing operation to at l east 

one drill . The drills were triggered by manual activation of 

t he H2S alar m system. 
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~he H2S alarms were activated once when steam and vapors were 

seen to be coming out of the rotating head rubber, while drill-, 

ing the interval 1236' to 1241'. All personnel on the location 

followed prescribed H2S safety procedures at this point. 

Immediately following the activation of the alarms, manual measure-

ments of H2S were made on the rig floor, indicating concentra­

tion on the order of 10 ppm H2S. A brisk wind was blowing at 

the time, and the gas was quickly dispersed. The gas chromato-

graph sampling vapors from the flow nipple did not detect any 

H2S during this event. 
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