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1.0 EXECUTIVE SUMMARY

The P. R. Girouard No. 1 Well, located approximately 10 miles southeast of

Lafayette, Louisiana, was the fourth successful test of a geopressured-
geothermal aquifer under the Wells of Opportunity program. Eaton Operating

' Company, Inc. assumed control of the site on May 6, 1980, when the operator,

Wainoco 0il and Gas: Ccmpany, abandoned the well as a dry hole at a total
depth of 15,700 feet.

The well was tested through 3-1/2 inch tub1ng set on a packer at 14,570 feet
without major problems. The geological section tested was the Oligocene
Marginulina Texana No. 1 sand of upper Frio age. The interval tested was
from 14,744 to 14,819 feet. Produced water was piped down a disposal well
perforated from 2,870 to 3,000 feet in a Miocene saltwater sand.

Four flow tests were conducted for sustained production rates of approxi-
mately 4,000 BWPD to approximately 15,000 BWPD. The highest achieved, during
a fifth short test, was 18,460 BWPD., The test equipment was capable of
handling higher rates.

The gas~to-water ratio was relatively uniform:at'approximately 40 SCF/bbl.
Some 1 to 5 SCF of the 40 SCF/bbl were retained in the brine, depending on
separator pressure; as separator pressure increased and residence time de~-

- creased more gas was retained in the disposal water. Laboratory recombina-

tion studies determined a saturation value of about 44.5 SCF/bbl, indicating
that this reservoir brine was possibly undersaturated. The heating value of -

" the gas is 970 BTU/SCF.

The initial reservoir drawdown test of one day duration resulted in suffi-
cient transient pressure flow information to develop the needed reservoir

~data. The information obtained was supplemented and confirmed by a sub-

sequent buildup test and a second drawdown test. These tests depicted a
very restricted permeability closure around the well bore, which limited

the drainage of the well. The productive sand interval pinched out very
rapidly around the well. The reservoir drawdown configuration was very
similar to ome dep1ct1ng a completion in the end of an elongated lenticular
sand. :

The reservoir tests show that is ie doubtful that this well would sustain
production rates over 10,000 BWPD for any lengthy period from the sand zone

in which it was completed. This limited flow capacity is due to the well's

poor location in the reservoir and is not a result of any production de-
ficiencies of the Marginulina Texana sand.

The surface test equipment was not treated with chemical to restrict car-
bonate scaling, because scaling was relatively light (0.03 grams per square .

'Eaton Industries of Houston, Inc.

DOE CONTRACT NO. - ~ Eaton Operating Co., Inc.
DE-ACO8-80ET-27081 ' 3100 Edloe

Houston, Texas 77027
{713) 627-9764 1



inch per 1000 barrels of water) and was not visually observed until the end
of the testing. Treatment would be required, however, if long-term produc-
tion was desired. .

Sand production was minimal. Actual measurements indicated production of
a very fine formation sand ranging from 0.5 to 1.7 pounds per 1,000 barrels
of water. Sand production appeared to be related to high flow rates which
resulted in a local drawdown around the well bore.

- A one—-page summary of test data follows on page 3.

Eaton Industries of Houston, Inc.
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Total Depth of Well . . . . . .
Formation . . « o o s ¢ o o & &
Gross Perforations. . . . . . .
Original Reservoir Pressure . e

SUMMARY OF TEST RESULTS

P. R. GIROUARD WELL NO. 1

CADE _FIELD

LAFAYETTE PARISH, LOUISIANA

e o s+ s o s« 15,700 Feet

« » o + s« « Oligocene Marginulina Texana No. 1
e s s s s s« 14,744 - 14,819 Feet (8 HPF)

e e s o« o o o 13,203 Peia

Original Reservoir Temperature. . . . . . . . 2749F

Original Shut~In Surface Pressure . . . . . . 6,695 Psia

Average Porosity., . « . « « 4+ « s « + o 4 . . 26% (Sonic Travel Time Log)

FLOW TESTS: (From 7~22-80 to 8-7-80)

Test*No.l......r...

Test No. 2 o . v o ¢ o o o o
Test No. 3 . v ¢ ¢ o ¢ s o .o

Test No. & . v . v v v v v
Test.No. 5 o v v o0 o o o o

1.01. Day Reservoir Drawdown Test (Produced 4,117
Barrels of Water)

2,18: Day Continuous Reservoir Build pr Test
(BHP After 6.1 Days was 13,173 psia)

1,36 Day Reservoir Drawdown Test (Produced 10,604
Barrels of Water)

1.19-Day  Flow Test (Produced 13,727 Barrels of
Water)

1.38'Day Flow Test (Produced 9,664 Barrels of Water)

0.18.Day Flow Test For Sand Production (Produced
2,193 Barrels of Water)

Produced Dry Gas to Saltwater Ratio ... . . . 40 SCF/BBL
Total Water Produced. + « & « « « » « « « + « 41,930 Barrels

ANALYSIS OF WATER:

Total Dissolved Solids
Chlorides. « « o + o &
Density. . « o o o o

YSIS OF GAS:

_ Methame. . . . . . .
Carbon Dioxide . . .
Heavier Rydrocarbons
Other. « « + ¢ « o &

" “Reating Value . . .,

« 2 e« 2 e

. 23,500 ppm
. 13,300 ppm
. 1. 017 g/emd at 24.09

91.3 Mole Percent

6.0 Mole Percent
Mole Percent
0.2. Mole: Percent
970 BTU/SCF

® o o « e
\ N
UI

Highest Flow Rate Achieved. . . . . . . . . . 18,460 BWPD

Highest Surface Temperature Observed. . . . . 2559F

Sand Production « . + » + + . s 4 « o.e . . o Minimal; 0.5 to 1.7 1bs. Per 1000 BBLS.
COn'osion...'..r.............ilaneobserved

SCliNg + + + + s s s s o e e s+ s « s e+ . Light; 0.03 Grams Per 1,000 BBLS Per SQ.IN.
Lowest Flowing Surface Pressure Observed. . . 490 Psia

Lowest: Flowing Bottom Hole Pressure Measured. 11,242 Psia

-Test Well Productivity Juodex. . « + . . . . . 3.0 to 4.0 BPD/Psi

Maximum  Explored Volume of Reservoir Water . Greater Than 5.2 Million Barrels
Maximm Distance Explored (BHP Imstrument). . A Radius of 1,540 Feet

Reservoir . « « v o o e e e e e e e ‘Vety Restricted, Lenticular with a

Permeability Range of 200 to 240 Mds.
and a Flow Angle of Less Than 50°

Disposal Well Gross Perforations. . . . . . . 2,870 to 3,000 Feet (4 HPF)
Disposal Well Pressure Range. . . . . . . . . 71 to 385 Psig
Eaton Industries of Houston, Inc.

Eaton Operating Co., Inc.

3100 Edloe

Houston, Texas 77027

(713) 627-9764 . 3
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2.0 INTRODUCTION AND BACKGROUND

2.1 Events‘Leading to Project Initiation

Thzs report covers the acqu131t1on, complet1on, and testing of a geopres-

" sured-geothermal (GEO2) well and reservoir by Eaton Operating Company, Inc.

(Eaton) under contract with the United States Department of Energy, Division
of Geothermal Energy (DOE-DGE). The work performed by Eaton is a continua-
tion of the Wells of Opportunity (W00) Progream. The WOO Program was ini-
tiated in 1977 to take advantage of the low cost of oil and gas wells pre-

- viously drilled by industry to obtain short-term test data on the energy

producing potential of underground aquifers. Ceopressured-geothermal re-

‘sources could make an important contribution to our nation's energy supply

if it should become commercially feasible to produce saltwater reservoirs
and to extract the dissolved hydrocarbons heat and kinetic energy in these
formatzons. :

The P. R. Girouard Well No. 1 acquired for this particular test was drilled
by Wainoco 0il and Gas Company at a cost of approximately $2.6 million.
Wainoco temporarily abandoned the well as a dry hole at a depth of 15,700
feet and offered the well to Eaton for GEO2 testing. Contracts were
finalized with Wainoco and the landowmer on May 6, 1980, and actual field
operations were initiated on May 15, 1980.

2.2 Location and Geography

The P. R. Girouard Well No. 1 location is located approximately 10 miles
southeast of Lafayette, Louisiana and 1,452' west of U. S. Highway 90.
Lafayette is a rapidly growing city and the center of Louisiana's oil and

gas business, Highway 90 is a major interstate highway connecting Lafayette
with other important towns and cities. The specific well location is in
Section 10, Townsh1p 118, Range 5E, Lafayette Parish, Louisiana. The terrain
is flat and is about 29 feet above sea level. The land is normally used

for soybean production.

Figure 2-1 indicates the location of the P. R. Girouard Well No. 1 in rela-
tion to other GEO? test wells. Figure 2-2 is a topographic map of the area.

2.3 Qperatof Contracts and Agreéments

Wainoco 0il & Gas Company (Wainoco) was the operator and principal working
interest owner of the test well. Drilling of the well was completed during
April, 1980, Wainoco then elected to plug back and test one zone at approxi-
mately 12,300 feet. The test indicated no commercial hydrocarbon potential,
and Wainoco agreed to temporarily plug the well, so that Eaton could move

-Eaton Industries of Houston, Inc.

DOE CONTRACT NO. Eaton Operating Co., Inc.
DE-ACO8-80ET-27081 “ 3100 Edloe

Houston, Texas 77027
{713) 627-9764



in a small rig to complete the well for a GEO2 test. Eaton's legal agree-
ment with Wainoco can be found in Appendix "A".

In Louisiana, it is considered necessary to obtain permission of the land
and mineral owners to conduct GEO2 testing., Permission from Mr. Paul Ray
Girouard was received through z signed letter agreement during May, 1980.
A copy of Eaton's agreement with Mr. Girouard is located in Appendix "A".

2.4 Rig Contractor Agreements

Mathieu Drilling, Inc. was awarded the contract to complete the test well
and drill g disposal well on the site. Mathieu's Rig No. 16 performed the
work. The rig was moved on location on May 12, 1980. The rig description
and drilling contract can be found in Appendix "B".

The rig contract for plug and abandonment operations was awarded to WellTech,
Inc. Rig operations were completed on September 19, 1980. A description of

WellTech's Rig No. 3 and the contract can be found in Appendix "B".

Eaton Industries of Houston, Inc.

DOE CONTRACT NO. Eaton Operating Co., Inc.
DE-ACO8-80ET-27081 3100 Edloe

Houston, Texas 77027
(713) 627-9764
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3.0  OBJECTIVES

J

The "Wells of Opportunity" program was designed to obtain short-term test
data from several geopressured-geothermal aquifers in different geologic
environments along the Gulf Coast region of Louisiana and Texas.

The task

requ1res capability to drill, complete, and test the wells and to

interpret data, knowledge of the reg;onal geology, communication and coor-

dination

with oil and gas operators, and a scouting system capable of locat-

. ing potential GEO2 test wells.

The objectives of the WOO test program in general, and of the P. R. Girouard

Well No.

1 test in part1cu1ar, are to obtain accurate, reliable, short-term

information concerning the following:

A.

B.

c.

E,

- DOE CONTRACT NO.

DE-ACO8-80ET-27081

The aquifer fluid properties, including in situ temperature,
chemical composition, hydrocarbon content, and pressure.

The characteristics of geopressured-geothermal reservoirs, includ-
ing permeabzllty and porosxty, extent and distribution of sands and
shales, degree of compactlon, and rock composition.

The behavior of. f1u1d and reservoir under conditions of fluid
production at moderate and high rates, including pressure time
behavior at different flow rates, fluid characteristics .under -
varying productlon conditions, and other information related to

the reservoir production drive mechanisms and physical and chemlcal
changes that may occur with varxous production conditions.

The evaluation of completion techniques and productlon strategies
for geopressured-geothermal wells.

Anaiys1s of the long-term environmental effects of an extensive
commercial application of geopressured-geothermal energy, to the
extent determinable during testing.

Eaton Industries of Houston, Inc.
Eaton Operating Co., Inc.
3100 Edloe
Houston, Texas 77027
(713) 627-9764
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4.0 GEOLOGY

4, 1 : Reg1ona1 Sett1ng

' The Wainoco #1 P. R. Girouard Well was tested in the Marg1nu11na Texana No.

1 Sand, (Marg. Tex. 1). The Marg. Tex. 1 occurs in the upper Frio formation
of the Late. Oligocene Epoch,

The Marg. Tex.rl sand was deposited on & broad continental shelf created by
- epeirogenic movements in the upper Gulf Coast belt at the close of Eocene

time. (Bornhauser, 1958) This extensive shelf was characteristic of parts.
of the region during much of the Cenozoic Era. (Mezerhof et al, 1968)

This area lies within the southern reaches of the Mississippi Embayment of
the Gulf Coast geosyncline. Sediments deposited in this area consist almost

_ entirely of medlumrto-f1ne-gra1ned quartz sand, illite and montmor1110n1te,

and gbundant organ1c debris. (Jones, 1969)

4,2 Local;Geologz‘

The test well is located in the Cade field. The f1e1d lies at the apex of
a highly faulted low relief domal structure. The primary faulting consists
of east-west trending, down-to-the-coast growth-types.. The tested reservoir

'is situated in the southernmost block, approximately 1,200 feet from the
‘northbounding fault. This fault has a displacement which varies from 100'

in the east to 300' in the west (Figure 4~1).

The Marg. Tex. 1 sand, in the test well, appears to be an elongated lenticular §

lense of the barrier bar or strand plain type of depositional environment

(Figure 4-2). Cross Section A-A' (Figure 4-3) shows the Marginulina Texana
- No. 1 sand to have 'a 105' gross thickness in the DOE = Eaton #1 Girouard well.

The 13' gross sand thickness in the upthrown Superior #1 Broussard well il-
lustrates a pinchout of sand towards the morth.

‘The synclinal feature shown in cross-section B-B' (Figure 4-4) also reveals
,thmnmg of the tested sand to the east. To date, this well has uncovered
the maximum Margxnulzna Texana No.,l sand development in the immediate area.

Eaton Industries of Houston Inc

‘DOE CONTRACTNO. -~ - - : o Eaton Operating Co., Inc.
DE-ACO8-80ET-27081 .- 1..3100 Edloe

Houston Texas 77027
- (713) 627-9764
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5.0 PETROPHYSICS

5 1 Qpeﬁ-Hole Log Ahalysié-Test Well

Dur1ng the dr1111ng phase of the #1 P. R. erouard Well, Wa1noco 0il &
Gas Corporation conducted several logging surveys for hydrocarbon evaluation.
The logs were made available to Eaton for use in reservoir determination
for the DOE Wells of Opportunity program. The following logs were used in
.evaluation of the target reservoir.. : o

1. ISF Inductlon Log - 1"

2, Acoustzc Velocxty Log - 5"

The,afofement1oned logs canta1ned data from which the following formation
measurements could be determined.

1. Spontaneous Potential

2, Induction.

3. Gamma Ray‘ o - i ' | .
4, Sonic Time Travel

5. Computed Apparent Water Resxst1v1ty

5.1.1 Porosxty

Themean pc_ordsity of‘.’tt(\e net fpéjirisand was;282, with a range from 12% to 34%. ,
These values were determined from the sonic log (Figure 5-1) and the Schlum—
berger "Porosxty Evaluation from Sonic Log" graph (Figure 5-2). - Sampling

of the sonic time travel on a two-foot interval basis yielded the poros- B

ity value, An observed sand travel time of 93 mzcroseconds/ft. and an as-
sumed matrix velocity of 18,000 microseconds/ft. were used in the poros=
ity determlnatxon. < :
5.1.2 Sand Ipxpkngss

The net sand thickness of the geopressure geothermal test zone was estimated

“to be 91'.  This value was determined from the gross interval of 107'

(Figure 5—3) based on the follow1ng -calculations.

1. The 100% shale and "clean sand" baselines were. -established from
the gamma ray track of the somic log.

. -Eaton Industries of Houston, Inc.

DOE CONTRACT NO. Eaton Operating Co., Inc.
DE-ACO8-80ET-27081 » 3100 Edloe

Houston, Texas 77027
(713) 627-9764
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2. A midpoint line was established.

3. All sand thicknesses for which the gamma ray iog values fell
on the "clean sand" side of the midpoint line were assumed
to be net pay, provided the calculated sonic porosity exceeded
10%. : ' C

5.1.3 Permesbility

The permeability estimates of the geopressure geothermal test zone were not
available prior to the flow test. Conventional or sidewall cores were not
obtained from the test zone during drilling operations. Also, empirical
equations presented in logging literature for permeability estimation of
various wireline logging devices have irreducible water-saturation values
as a part of the mathematical statements. These equations, designed for
saturated hydrocarbon formations, may not be applicable in 100% watex-
saturated sand. : e '

5.1.4 Salinity

The water salinity of the test sand is estimated to be 33,500 ppm. This
mean of values was determined by the following methods. .

1., SP Method
2. Modified Humble Equation

'5.1.4.1 SP Method: The estimated salinity using the SP (spontaneous
potential) method is 35,000 ppm. This value was determined by solving for
formation fluid resistivity using the maximum SP value from the induction
log and then plotting on the Schlumberger "Resistivity Salinity" graph
(Figure 5~4). The equations used in determining formation fluid resis-
tivity are as follows:

SSP = =(60 + .133T) log Rmf/Rwe (1)
solving for R
we:
= ssP/(60 + 0,133T)
R, =R (10 ) (2)
where:

SSP = static spontaneous potential - millivolts
T = formation temperature - F°

R ¢ = resistivity of mud filtrate - ohms

Eaton Industries of Houston, Inc.

DOE CONTRACT NO. Eaton Operating Co., Inc.
DE-ACOB8-80ET-27081 3100 Edloe

Houston, Texas 77027
{713) 627-9764
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Ree = equivalent formation fluid reéistivity = ohms.

r—

’and:,

maximum SP (uncorrected) 32 mv.

corrected SSP = 34 mv.

Rof
R, (equation 2)

45@739F = ,14@256°F

0.06 ohm ~ meters

Salinity '35,000 ppm

5.1.4.2 Modified Humble Method: An estimated saluu.ty of 32 000 ppm

was calculated using the Modified Humble Method and was detemned primarily
as a function of porosity and true formation resx.st1v1ty. The mathematical
equation is as follows:

F = Ro/R, o > | (3)

lJ 2, | | W@
L? therefore: . : ; ,
Ro/Ry = .81/¢2 R , - (5)
L Re = Ry #2/.61 (e
‘where'

r—

F = formation factor - dimensionless

‘Rg = 100% water saturated rock - ohm-m.

~Re = true format'iaﬁ,resist'ivity .-F ochm-m .

Ry = format::.on water res:.suvzty - ohm-m

P = poros:.ty - Z
Assummg a 1007 water-saturated format:.on where Rt = Ro, equat:.on #6 and
the’ followmg parameters: R¢ = .75 ohm-m and a porosity of 26%, a fomatx.on
water res:.st:w:.ty of .063 ohm-m is obtained. When the format::.on water
resistivity is plotted on the Schlumberger Resistivity Salinity graph
(Figure 5-4), a salinity determination of 32,000 ppm is obtained.

|

o
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5.2 Open-Hole Log Analysis - Disposal Well

The Eaton #1 SWD Girouard was drilled for saltwater disposal purposes
to a depth of 4,606 Four potential disposal sands were encountered and
are identified as follows: .

Sand A 4,340'= 4,420
Sand B 3,908'- 4,020'
Sand C 2,866'- 3,010'
Sand D 2,594'- 2,772'

Sand "A" sanded up during completion operations, and sand "'C" proved to
have the best alternate potential, so sand "C" was completed for saltwater
disposal. It has a net thickness of 144', porosity of 37%, salinity of
37,000 ppm, and an estimated temperature and pressure of 105°F and 1,408
psi, respectively. (See Figures 5-5, 5-6, and 5-7). '

5.3 Cased-Hole Log Analysis - Test Well

A Micro-Seismogram log was run on the test well after the zone of interest
had been cased and cemented. This type of log is primarily for completion
use, and ltas a two—fold purpose:

1. Establish an open-hole vs. casing-collar correlation.

2, Determine integrity of casing vs. cement and cement vs. formation
bonding.

Analysis of the test well Micro-Seismogram log (Figure 5-8) showed that a

- 9' gection of the upper portion of the test zone was not completely bonded,
but that the interval from 14,744 - 14,819 had excellent bonding.

5.4 Cased-Hole Log Analysis — Disposal Well

A Micro-Seismogram log was also run on the disposal well for the same pur-
poses as stated in Section 5.3 for the test well. Analysis of the disposal
well log (Figure 5-5) indicated that although cement bonding of the disposal
sands was not complete, there was excellent bonding between the disposal
sands, thereby isolating these zones from one another and the overlying
fresh water sands (Figure 5-9).

Eaton Industries of Houston, Inc.

DOE CONTRACT NO. Eaton Operating Co., Inc.
20 DE-ACO8-80ET-27081 3100 Edioe
Houston, Texas 77027
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6.0 RE-ENTRY AND COMPLETION OPERATIONS - TEST WELL

6.1 Drill Site and Support Facilities
:6.1.1  Site Layout

The locatiom layout shown in Figure 6-1 accommodated conventional drilling
- and workover equipment used for completion of the test well and the drilling

of the disposal well. The site was covered with boards for the support of

rig operations. Prior to moving in the well testing equipment, a portion of

the location was covered with a layer of sand and gravel. This fill material
provided a good level working area for the testing operation.

Rain water, waste oil, and grease spillage were trapped and drained into a

ditch around the location for disposal. The ditch was pumped out into the
reserve pit, and at the end of the testing operations the fluids in the
reserve pit were pumped down the disposal well. ‘

6.1.2 Living Facilities and Utilities

Air-conditioned living facilities were provided for six individuals.
Weatherly Engineering, the rig contractor, and Reservoir Data, Inc. brought
in living trailers for their personnel. Motel accommodations were available
in Lafayette, Louisiana. ' -

Water for drilling and other operations was obtained from a drilling fluids
supply company. Drinking water was brought to the site by a local water
delivery service, - ' '

Two telephones were installed in the Eaton house trailers. Rented generators
were used to supply electrical power. -

Eaton Industries of Houston, Inc.

DOE CONTRACT NO. Eaton Operating Co., Inc.
DE-ACOB-80ET-27081 3100 Edloe

Houston, Texas 77027
{713) 627-9764
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6.2 Test Well Desigg

-

6.2.1 Initial and Actual Well Completion Status

Figure 6-2 is a schematic drawing of the test well showing the conditions
when Eaton took over operations from Wainoco. The lower portion of the well
was abandoned by setting a cement retainer at 14,869 feet and squeezing 100
sacks of cement below the retainer. Wainoco perforated the interval from
12,324 to 12,348 feet and tested the well. These perforations were squeezed
off leaving a cement plug in the 9-5/8" 0.D. casing.

&

: FIGURE 6~2
U WAINOCO- P R. GIROUARD WELL NO.!
N CONDITION AT TIME OF EATON TAKEOVER
s === 20" COMDUCTOR PIPE AT I36’ -
Ll
13 3/8" 81 & 68 #/PT K-88 LTC CSG. SET
T Ar8,9%8"
U
16.0 PPG
MUD
U
T AR TOP OF CEMENT PLUG AT (2,189°s
ORI ,
¢ 5212 ,:% TOP OF TIW LINER KANGER AT 12,232
! “jaes 3 PERFORATIONS 12,32¢'~348" SQUEEZED
L ; 4 . e 9 0/8" AT H/PT P-110 8 83.5 #/FT 395
) LTC €3G SET AT 12,040 :

8.2 PPG MUD

mremecmee  TOP OF EZSV CMT. RETAINER AT 14,069°
4.8 75/8° 30 #/FT P10 FJ LINER SET AT
i4,870" P )

>
&:H

v

18.2 PPG MUD - =oremmn fouin -

oo . "TOTAL DEPTH 18,700

— Eaton Industries of Houston, Inc.
DOE CONTRACT NO. Eaton Operating Co., Inc.

DE-ACO8-80ET-27081 . 3100 Edloe
Houston, Texas 77027
7. (713) 627-9764 o 33
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FIGURE 6-3
WAINOCO-P R. GIROUARD WELL NO.|

CONDITION DURING TESTING

— 20" PIPE AT 188’

e 13 3/8" CASING AT 3,998'

et 3 1/2" PRODUCTION TUBING
17.6 PP MUD

|—e

9 5/8" CASING AT 12,640'

PRODUCTION PACKER AT 14,570'

TEST PERFS. 14,744'-14,819'
TOP OF €ZSV CMT. RETAINER AT
14,869

il
75/8" LINER AT 14,870

18.2 PPG MUD

TOTAL DEPTH- 18,700

Figure 6-3 is a schematic diagram illustrating the tubular configuration
of the well as completed for testing. A packer was set at 14,570 feet, and
3-1/2 inch tubing was landed in the packer. Drilling fluid was left in

the annular space between the tubing and the 9-5/8 inch casing. The well
was perforated from 14,744 to 14,819 feet using wireline perforating guns
run through the tubing.

Eaton Industries of Houston, Inc.
DOE CONTRACT NO. Eaton Operating Co., Inc.
DE-ACO8-80ET-27081 3100 Edice
Houston, Texas 77027
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6.2.2  Tubular Goods Design

tion of the well,

, Eng’inééring" design and é'aflef:}:;‘cl'alculat:‘ions ﬁefe performed prior to comple-
Figure 6-4 shows the specifications for the tubular goods

installed in the test well, as well as hole sizes and design safety factors.

FIGURE 6—4
HA!!DdO P. R G!Rm WELL NO. 1
TUBULAR AND CEMENTING SUMMARY
0.D. Depth - Weight Minisum - Casing Deseription 1; i,
Conductor Pips 20 0 156 xA A [ 7Y Welded L] LE -
Surface Casing  13-3/8 0 2,225 6.0  12.35 x-55 e * . .
2,225 3,998  68.0 12,259 &-35 11c. . N .
Intermediate Casing 9-3/8 [] 5,471 47,0 - $.523 r-110 Ie 1.26 4.83 -
Ty 12,650 3.8 8.500 295 Lrc 0.98 3.5 .
Drilling Liner -3/8 12,332 S 16,8707 39.0 T £.300 0 0w 2.0 1.63 *
Tubing >1/2 [ 14,600 12,95 . 2.625 105 m-6  2.03 1.49 2.04
0.0, i
ca-ln‘ Size sh.! Bole Sise Sén.z . R Remarke
Surtace R Y IRV I ’ : c d back to surt _
Interpediate 9-5/8 B-te. N Lacimated cement top ac 7,800°%
tiner - 7578 . 12 : o Squeszad top of liner twice

Fote: A1l caring run, cemented, and tested by Valsoco,

+- Tudulars:-in place and no longer exposed to well bare conditions. ;

T~

DOE CONTRACT NO.
DE-ACOB8-80ET-27081

‘Eaton Industries of Houston, Inc.

‘Eaton Operating Co., Inc.
3100 Edioe
Houston, Texas 77027
{713) 627-9764
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6.2.3 Wellhead Design

Figure 6-5 is a schematic of the wellhead and christmas tree used for this
well. The tree was designed using parts from prior GEO2 christmas trees.
All gate valves and flanges had a rated working pressure of 10,000 psi.
The upper section consisted of three hand-operated gate valves and three
pneumatic operated surface safety valves. A "swab" valve was installed on
top for wireline accessibility. All valves in the upper section were
3-1/16 inch, inner diameter. Two flow loops were installed to balance
bending moments near the top of the tree during maximum flow conditions.
Fluid flow through the loops was controlled by an adjustable choke on one
wing and a positive choke on the other,

FIGURE 6-5

mos > “\ A TEST ADAPTER % Pos -
O ="V O 4
// o 'D'—"Z‘\\\ SURFACE SAFETY

VALVE 10,000 PSI

T~seLiT FLOW BODY

~ ) =
=y ° SURFACE SAFETY VALVE
[~
,,.—
. )
= LOWER MASTER VALVE 10,000
(>.  PSIL POR M TEMPERATURE
I
® ®
(D

\

\/

——
VAN
TUBING HEAD

S e T TS
——— ||[§'7"1||§7‘]| ’|{| |{§7;ll|

I BLEED LINES

KILL  LINE

10,000 PSI VALVE )
L

=9

——13 38" casing
954" casine

| 3 /2" TusING

WAINOCO- P.R.GIROUARD WELL NO.|
CHRISTMAS TREE SCHEMATIC

Eaton Industries of Houston, Inc.
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6.2.4  Logging Program

" The suite of open-hole logs obtained by Eaton supplied adequate information
“for sand evaluation purposes. After the well was cleaned out, a gamma-ray,
cement bond, and casing collar locator log was run to evaluate formation
isolation and to serve as a reference for perforation operationms.

1 Faton Industries of Houston, Inc.

DOE CONTRACT NO. Eaton Operating Co., Inc.
DE-ACO8-80ET-27081 3100 Edloe
Houston, Texas 77027
{(713) 627-9764
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6.3 Re-Entry Operations

The Mathieu Rig Number 16 was moved to the Wainoco P. R. Girouard Rumber 1
location on May 12, 1980, to commence completion operations on the test well.
A blowout preventer stack approved by Eaton was installed and tested to 5000
psi. A work string consisting of 3-1/2" 0.D. drill pipe, 4-3/4" 0.D. drill
collars, a casing scraper for 9-5/8" 0.D. 47 pound per foot casing and an
8~3/4" 0.D. bit was assembled and run in the well bore. While running in

the hole, the well was circulated to condition mud at 2000 feet, 4082 feet,
6155 feet, 8262 feet, 10,018 feet and 12,124 feet. The bit hit solid fill
at 12,217 feet, and the well was circulated with 17.8 pound per gallon water-
based lignosulfonate mud. The casing was pressure-tested to 1500 psi after
drilling down to the top of the liner at 12,232 feet.

After this pressure test, the drill string was pulled to pick up a 6-1/2"
0.D. bit, The cement in the top of the 7-5/8" 0.D. liner was drilled from
12,232 feet to 12,243 feet. The bit took additional torque to get through
the squeezed perforations at 12,324 to 12,348 feet. At this point, the
casing was pressure-tested to 1500 psi for 15 minutes to confirm that the
perforations were still holding. The well was cleaned out to the top of
the EZSV retainer at 14,869 feet, and the drill string was pulled.

6.4 Completion Operations

6.4.1 Cased Hole Logs

A gamma-ray, cement bond evaluation, and casing collar locator log was run
on electric wireline to determine if a cement squeeze job was required. The
log indicated that the upper portion of the test sand was not completely
cemented. It was decided not to perforate the top part of the sand to avoid
expensive squeeze operations.

6.4.2 Production Packer Setting

Welex ran a gauge ring and junk basket on wireline, but the gauge ring would
not go past the top of the liner at 12,232 feet. Another wireline run was
attempted, but the gauge ring still would not pass the liner top. A liner
top dressing mill was run on 3-1/2" 0.D. tubing to open the liner tie-back
sleeve. However, the gauge ring still failed to pass through the top of

the liner. An attempt with a smaller 6.44" 0.D. gauge ring also failed.
When a 6.299" 0.D. gauge ring was run, it stuck in the liner top and a 2.3
foot segment broke off. A fishing spear was run on tubing, but did not

Eaton Industries of Houston, Inc.
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recover the broken segment. ' A tapered mill aﬁd'jars were run on the tubing
string and succeeded in pushing the gauge ring segment to bottom.

"An Otis type "WD" permadent production pécker was run on wireline and set
at 14,570 feet. The blowout preventers were n1pp1ed down and the tubing
head was installed.

6.4.3 Production %ubing

as shown in Figure 6~6. Each joint of tubing was tested to 8000 psi with
tubing testing equipment.

Before inserting the tubing seal assembly into the packer, the tubing was

- partially displaced with saltwater to provide approximately.2000 psi dif-
ferential pressure from the formation into the well bore. The tubing was
seated in the packer. The blowout preventers were nippled down, and the
‘tubing was hung in the tree. The christmas tree was pressure-tested to
8000 psi. ‘

6.4.4, .Completion Perforations-

A 2" 0.D. through-tubing perforating gun was used to perforate the interval
14,778 feet to 14,798 feet and 14,799 feet to 14,819 feet. The tubing
pressure increased to 1500 psi. The well was opened to flow to clean the
perforations and flowed 8 barrels of saltwater. The same interval was then
perforated with another 4 shots per foot. When pulling out of the hole,
the gun stuck at 14,593 feet. During an attempt to work the gun free, the
rope socket parted at the top of the gun. A wireline unit was rigged up,
and a no—go locator mandrel was run in the well with weight bars and a

collar locator. The gun was jarred loose and fell to the bottom of the
well., - ” . ‘ : :

The well was opened to flow on June 9, 1980, and produced an estimated 100
barrels of mud and 150 barrels of saltwater. The final fluid produced was
all saltwater. A back-pressure valve was 1nstalled in the tree and the
r1g was released on June 9, 1980. :

b ]
#
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P. R. GIROUARD WELL NO. 1
WELL SETTING DURING TESTING

=—14,744' - 14,819'

SR

PLUG BACK DEPTH 14,869°'

0.D.
I.D.

0.D.
I.D.
0.D.
I.D.
0.D.
I.D.
0.D.
I.D.

0.D.
I.D.
0.D.
1.D.

0.D.
I.D.

4,32
2.562

4,32
2.562

6.38"
4.00"
6,38"
4,20"
5.02"
4.00"
3.98"
2.75"

5.75"
4,20"
5.02"
4,00"

5.75"
2.75"

4.26"
2,329"
4,25"
2.55"

All tubing and pup joints are 3%" 0.D.,

DEPTH TO TOP
OF ITEM LENGTH ITEM DESCRIPTION
0 26,00°' Rotary Kelly Bushing to tubing hanger
26,00' 32,13* Tubing
58,13' 0,43 Double Pin Sub
58,56' 9,32" Pup joints 7,60' and 1.72
67.88"' 226,75 Tubing
294,63° 0.79' Otis Type "R" Nipple
N
~ 295,42 14,232.29' Tubing
14,527,71" 0.79' Otis Type "R" Nipple
14,528,50" 32.59'  Tubing
~—14,561.09°* 1.21* Straight slot locator sub
14,562.30" 16.09' Seal Assembly
14,570.00' 3.42¢ Otis Type "WD" Packer
14,573,42' 0.50°* Crossover
e—14,573,92' 7.42" Seal Borg Extension
14,578,39 0.98* Mule Shoe Guide
14,579.37 - End of Tubing String
14,581,34' . 0.63" Connector
14,581.97 7.62 Seal Bore Extension
14,589,39" 0.51" Crossover
14,589,90"' 5.72' Pup joint
14,595.62' 0.95' Otis Type "RN" Nipple
14,596,57 0,78' Wireline re-entry guide
NOTE: Seals spaced 7.7' above packer
All depths measured from 27.8' above
casing head flange,
12,95 1b/ft, grade P-105 with Hydril
- PERFORATIONS : PH-6 connections,

.
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. Eaton Industries of Houston, Inc. : \, :
DOE CONTRACT NO. Eaton Operating Co., inc. L
40 DE-ACO8-80ET-27081 3100 Edioe

Houston, Texas 77027
(713) 627-9764

i

M



7.0
7.1

DRILLING AND COMPLETION OPERATIONS -~ DISPOSAL WELL

Location

The brine disposal well was located 110 feet southeast of the test well.
Figure 7-1 is & surveyor's plat of the location,

C
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7.2 Design Requirements

A brine disposal well was required for the test because of the large volumes
of water produced. The primary design requirements for the well were the
following:

e An injection capacity in excess of 15,000 barrels per day at an
: injection pressure not to exceed 500 psi.

e High temperature capability of up to 300°F.

e A minimum aquifer depth of 2500 feet, as specified by the Louisiana
Department of Conservation for the area.

e Protection of fresh and brackish water sands by setting two complete

strings of casing through &ll such sands and circulating cement to the
surface on both strings.

7.3 Drilling Operations

The Mathieu Rig Number 16, which was also used for cleaning out and complet-
ing the test well, was selected for drilling the disposal well,

While the rig was completing the test well, the 14" 0.D. structural casing
was driven for the disposal well. International Hammers Service Company,
drove the casing, using a Delmag D-12 diesel-operated hammer. The final
blow count was 130 blows per foot at 58 feet.

The rig was moved over the structural casing and the well was spudded on
June 14, 1980. The well was drilled to 1544' with a 12-1/4" 0.D. bit and
8.9 pound per gallon mud. The 9-5/8" 0.D. 43.5 pound per foot, N-80 grade,
LT&C casing was set at 1534'. One centralizer was installed six feet above
the shoe, one each in the middle of the first three joints in the hole and
one in the middle of the top joints. A down-jet float shoe was installed

on the end of the casing string, and a float collar was installed two joints
off bottom. The casing was reciprocated 1-1/2 hours through a ten foot
stroke before cementing., It was cemented with a 12.8 pound per gallon lead
slurry of 320 sacks of Halliburton Lite Wate cement with 3% salt, followed
by a 15.6 pound per gallon tail slurry of 300 sacks of class "H" cement with
2% calcium chloride. The wiper plug was seated with 1400 psi pump pressure,
which was then bled back to O psi, indicating the float valves were holding.
Full mud circulation occurred at the surface while pumping the cement slurry.
No cement returns were noted, however, so a top cement job was performed.

- A 1-1/4" 0.D. tubing assembly was run to 120 feet between the 14" 0.D. and

Eaton Industries of Houston, Inc.
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9-5/8" 0.D. casing strings. The annulus was cemented with 50 sacks of
class "H" cement with 2% calcium chloride. Another top job using the
same volume was performed at 60 feet, because no cement returns were
noted at the surface from the job at 120 feet.

The cement top was tagged at 10 feet in the annulus after allowing the .

- slurry time to set. An 8%" hole was then drilled to 4,616 feet.

7.4 Selection of Disposal Zone

An induction electric log and a compensated density log were run in the
hole from 4,513 to 1,518 feet. Analysis of the logs indicated that the
following potent1al dlsposal sands had been penetrated: -

R : . : B Average .
Sand - Top  Bottom Thickness Porosity %
A 4,’340"; 4,420' - 80" 39%
B '3,908' : 4‘,020"« 112° " 43%
c 2,866  3,010" | 144 37%
D ,_"2.,5947"‘ ‘ 2',772' 78’ 37%

' It was decided to complete the well in sand "A" and reserve the other sands

for additional disposal capacxty. Sand "C" was considered the best alternate

disposal zone.
{

1.5 Completion Operations

A string of 5-1/2 inch. 15.5 pound per foot. grade K-55, ST&C casing was
run in the hole to 4,607 feet. A down-jet float shoe was installed on the

" .end of the casing string, and a float collar was placed two joints off

- bottom. Two centralizers were installed on each of the bottom two'casing
“joints and one centralizer was installed on each of the mext 74 joints.
fHallxburtcn cable type scratchers were placed at ten foot intervals from

4430 to 4330 feet and 4030 to 3920 feet. The casing assembly was recip-
rocated for one hour through a ten foot stroke before cementing. The cas-
ing string was cemented with a lead slurry of 1850 sacks of Halliburton
Lite Wate cement followed by 500 sacks class "H" tail slurry A total of
150 barrels of cement was circulated to the surface. The wiper plug

was seated in the float collar with 2200 psi pump pressure.

Eaton Industries of Houston, Inc.
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A 6 inch by 10 inch tubing head was installed and tested to 2000 psi and
after a 6 inch 5000 psi working pressure blowout preventer stack had been
installed, a 4-3/4 inch 0.D. bit was run to bottom on 2-7/8 inch 0.D. drill
pipe. The 9.0 pound per gallon mud in the well bore was displaced with

9.5 pound per gallon saltwater.

A gamma-ray, cement bond, and casing collar locator log was run from 4,513
to 2,513 feet. The log indicated good isolation of the disposal zones.

7.5.1 Attempt to Recover Fluid Sample

The 5-1/2 inch 0.D. casing was perforated from 4,340 to 4,420 feet with four
shots per foot.

An attempt was made to flow test the well to obtain an uncontaminated sample
of saltwater from the disposal aquifer. A Halliburton RTTS packer was run
on 2-7/8 inch 0.D. drill pipe and set at 4,313 feet. The tubing volume

was displaced with 14,636 cubic feet of nitrogen, and the packer circulating
port was closed. The nitrogen pressure was bled off at the surface, but

the well did not flow. By attempting reverse circulation up the drill

pipe, it was determined that the drill pipe had plugged with formation sand.
An attempt to wash out the well bore with nitrogen and foam resulted in
further production of formation sand. At this point, it was decided to

plug back to another saltwater sand. A Halliburton bridge plug was set on
electric wireline at 4,220 feet, which was the top of the sand fill. The
drill string was layed down, and the rig was released on July 3, 1980.

7.5.2 Perforation and Injectivity Tests

After the rig had been moved off location, the well was perforated from
2,870 to 3,000 feet with 3-1/8 inch casing guns, 4 holes per foot. Injec-
tivity tests were performed during perforating gun rums.

Figure 7-2 is a graph illustrating injection rate versus number of perfora-
tions in the casing, at a constant injection pressure of 550 psi. Adding
holes to the casing improved the injection rate, but the highest rate
achieved was only 3,495 BWPD. An injectivity test was then performed at
various injection pressures. The highest rate achieved was 6,545 BWPD

at 800 psi. Figure 7-3 is a graph of injection rate versus injection
pressure, before stimulation.
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FIGURE 7-2

5]

o s ol aetR bt s [ s
mJécﬂon RATE - BWPD |
(CONSTANT INJECTION PRESSURE-350 PSI)

U 'DOE CONTRACT NO.
DE-ACO8-80ET-27081

4000

3000 .

2000

1000~

'FIGURE 7-3

7000
6000
8000
4§oo
3000
2000

- 1000

INJECTION RATE VEREUS
NUMBER .OF HOLES IN CASING
(PRIOR TO ACID TREATMENT)

P.R. GIROUARD SWD WELL NO. |
" (DISPOSAL WELL)

1 1 ]

¥ L

T

INJECTION RATE - BWPD

S
100 200 300 400 500
NUMBER OF PERFORATIONS

INJECTION RATE VERSUS
INJECTION PRESSURE

* {PRIOR TO ACID TREATMENT)

P.R. GIROUARD $WD WELL NO.I
{01SPOSAL WELL)

200 400 600 800 1000
SURFACE INJECTION ~PRESSURE, PSI

Eaton Industries of Houston, Inc.

Eaton Operating Co., Inc.
3100 Edloe
Houston, Texas 77027
(713) 627-9764

€00

45



46

7.5.3 Disposal Well Stimulation

To stimulate acceptance of water by the well, it was then treated with
15,000 gallons of acid. After the acid treatment, the well accepted salt~-
water at 14,400 BWPD at only 200 psi surface injection pressure and was
capable of accepting all anticipated production from the test well with-~
out the use of surface booster pumps.

7.5.4 Well Setting and Wellhead

Figure 7-4 is a schematic diagram of the actual well completion and the
surface wellhead.

FIGURE 7-4

DOE CONTRACT NO.
DE-ACO8-80ET-27081

K ——— 12-1/4" HOLE
CEMENT

————9-8/8" SURFACE CASING AT 1,834’

CEMENT TO SURFACE

8-1/2" HOLE
- —— PERFORATIONS 2870 - 3000

N———BRIDSE PLUG 4220'

B PERFORATIONS 4420 - 4340'

s CEMENT
+ %l §-1/2" PRODUCTION CASING

TOTAL DEPTH 4,600 «
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8.0  TEST OBJECTIVES

e

The test équipmént and procedures for the P. R. Girouard No. 1 were designed
to obtain the maximum information within the time and funds allotted.
Specific information desired was the following:

e Gas Content and Solubility

»
-

¢ Well Deliverability

o Formation Flow Capacity

Aquifer Geometry

e Distance to Existing Boundaries

Chemical Composition of Produced Fluids

e Physical Properties of Produced Fluids

| A

Performance of Downhole Equipment

¢ Performance of Surface Test Equipment

L ]

Scaling and Corrosion Potential

Formation Sand Production

e Disposal Well Injectivity

R Gl G S sl

.
' ‘
. ‘ = Eaton Industries of Houston, Inc.
DOE CONTRACT NO. Eaton Operating Co., Inc.
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9~. 0 SURFACE TESTING FACILITIES

9.1 Design Requirements

The test facilities were des;gned to produce and inject the well effluent.
contlnuously and to obtain data at points 1nd1cated on Figure 9-1. Design-
criteria were as follaws°

® Wellhead Working Pressure 10,000 psi

e Flow Line Shut In Pressure 7,000 psi

e Temperature 300°F

e Brine Flow Rate 20,000 BPD

@ Separator Oﬁetating Pressure 1,200 psi

Filter Operating Pressure " 600 psi

9.2 Main Process Equipment

Figure 9-1 is a diagram of the surface test equipment. The well stream
entered the flow line at the point where the two flow loops connected. The
flow rate, pressure, and temperature were measured shead of the choke mani--
fold. Well effluent samples were obtained from a sampling port ahead of the-
choke manifold. The sample port was positioned in the flow stream so that
sampling could be pvrformed at f10w1ng wellhead pressure and before the scale
inhibitor injection point. The main flow then passed through a choke mani-
fold and through a data'header. The data header incorporated a sonic sand
detector and a scale-~corrosion measuring coupon. The flow then entered a
conventional horizontal well test separator. The gas was measured by an.
orifice meter and then flared. The separator brine passed through a flow
meter manifold. Water samples were obtained at the flow meter manifold.

The brine then passed through a 50 micron filter tower manifold before
entering the disposal well. ‘Pressure and temperature were measured at the
d1sposa1 wellhead. - - '

Reservoir Data Incorporated (RDI) provided a three-inch Camco turbine-~type
flow meter which was installed in the flow line close to the wellhead, This"
turbine meter was wired into the RDI digital recording instruments, so that
fluid flow could be printed along with pressure and temperature data. The
computer software for this meter failed to operate, however, and the fluid
flow rate was not recorded during the test. Nevertheless, water flow was
recorded by hand every 30 minutes at the water metering skid as the water
passed through a Halliburton three-inch turb1ne meter.

L
t '
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SURFACE TEST SCHEMATIC

TURBINE. METER CALISRATION
PUMP AND TANKS

HO @sL

4" nose
3 TOWER FILTER UNIT
V 4" Hose  CowF '}T 80 MICRON
SCALE "
* nom: xx COUPON ! [N
or. ¥ 9 278° 0.0. }l o
PRESSURE
TEMPERATURE ¥ 3° NOM. SCH.00 -
PRESSURE
TEMPERATURE
41/18° 10000 PSI W.P.
CHOKE MANIFOLD DOWN LINE
WATER SAMPLING
».-: SAMPLING 0!::2:‘&
2" SCH. 90
FIGURE 9-1.
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Safety Considerations

9.3

The test well chr1stmas tree was equlpped with three fail-safe pneumatic

safety gate valves. The valves were set to close if the flow line reached

a low of 1000 psi, separator pressure reached a high of 1,200 psi, or the

filter unit pressure reached a high of 600 psi. The pneumatic system could
- also be activated manually at a safe distance from the test well. The
-9-5/8 inch casing pressure on the test well could be controlled in case

of a tubing legk with two pressure-relief and choke lines to the pit and

a kill line through which drilling mud could be pumped.

All test equipment was pressure-tested prior to flow. There were several
relief and by-pass lines to the pit. The separator had & pressure-relief
burst plate.

Caution signs were posted to warn visitors of the high pressure and high
temperature pipes and vessels. Personnel were g1ven safety instructions
and were required to wear hard hats.

9.4 Data Gathering and Sampling Equipment

The. following subcontractors participated in developing raw data relevant
to deducing the quant1ty and properties of produced fluids:

e Institute of Ges Technology (16T)
e Reservoir Data, Inc. (RDI)
e Weatherly Engineering.

- Data recorded by each are described in the fo11owing sections.

9. 4. 1[7 Instltute of Gas Technology Data ‘Recording

’IGT was responsxble for the majority of data collection and 1nterpretat10n _
“concerning the: quantity and properties of produced f1u1ds. ‘The channels of
real t1me data recorded by IGT are the follow1ng' -

o Wellhead Temperature,

Wellhead temperature was sensed by a Foxborough temperature transmitter in—
stalled in the high pressure line between the wellhead choke and the large
Amanzfold Concern for possible sand erosion of the thermal well for this
sensor led to mounting it in a tee above the high pressure line. Although

mumes Eaton Industries of Houston, Inc.
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this was successful, recorded temperatures were consistently low by 20° to
309F. This is believed to have been caused by the development of a gas
bubble in the tee and cooling of the tee by radiation and convection to
the atmosphere. S

) ,Wellheéd Pressure

A Statham~-type wellhead pressure transducer was initially installed in the
high pressure line between the wellhead choke and the large choke manifold.
Although data from this sensor was continuously recorded, true wellhead
pressure was measured only after moving the transducer to the wellhead,
after the second flow test.

o  Separator Pressure

Separator pressure was continuously recorded by a 0 to 2,000 psi Statham-
type transducer installed on the flanged tap for the orifice meter.

e Orifice Meter Differential Pressure

This pressure was continuously recorded, using a Statham—type differential
pressure transducer with a range of 0 to 400 inches of water,

e Gas Temperature

Gas temperature from a sensor in a thermal well approximately 3 feet down-
stream from the orifice meter was successfully recorded at all times during

gas production using a Honeywell temperature transmitter with a range of
0° to 400°F.

e Brine Production

Starting with the second drawdown test, electrical pulses corresponding to
increments of 0.1 barrel of brine production were electronically counted

and digitally recorded by tapping signals from the brine turbine down~
stream from the separator. However, erroneous incremental jumps in recorded
brine production of 10 to 30 barrels were experienced a few times each day.
These increments were superposed upon a drift of sbout 1% from brine produc~
tion rate deduced from manual recording or turbine counter data. Lack of

an oscilloscope in the field precluded effective trouble-shooting. An
oscilloscope could not be obtained before testing was complete. (One will
be on hand for subsequent tests.)

e Disposal Well Injection Pressure.

Data was recorded from a 0 to 2,000 psi Stathamtype transducer during all
periods of brine injection into the disposal well.

Eaton Industries of Houston, Inc.
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e Disposal Well Teﬁperature

Data from a Foxborough 0° to 400°F temperaturetransmztterwas successfully
recorded during the first drawdowm test.  This data channel was abandoned
when one of IGT's three temperature transmitters was damaged during a

; calibration check between the first and second drawdown test.

Dur1ng the fzrst drawdown test (July 22-23, 1980) data recording by IGT

~ was by strip chart recorders only. By the beginning of the second draw-.

dowvn test (July 29, 1980), sufficient equipment had arrived, and the
necessary software had been written, to accomplish digital recording of
all data channels discussed above. Digitizing of the analog pressure
and temperature data was accomplished by using a single analog digital
converter plus electronic switching. Production data was recorded by
electronic counting of pulses corresponding to increments of 0.1 barrel
of brine product1mn. : :

Control software provided for scanning all analog channels every 5 seconds.
Values measured each 5 seconds were then: averaged linearly over operator-
selected time intervals for data recording. Time intervals for permanent

_records varies from 10 seconds at the beginning of each test up to as long -

as 15 minutes durxng long-term stable production. Cumulatzve counts from

~ the brine turbine were recorded at the time of each permanent record. Per-

manent records were produced both by real—tzme printouts. and by scoring

_ digital data on magnetic tapes. A backup strip chart record1ng of all

analog channels was continued throughout the test.:

9.4.2.  Wireline Company Recording (Reservoir Data, Inc.)

,RDI was responsxblv for data recordzng for analysls of reservoir behavior.
The data senszng and recordzng by RDI consisted of the following:

e Pre—productxon Temperature Gradzent

Temperature was ‘measured at depth. increments of 1000 feet and at the
14,644 foot gauge datum 100 feet above the top of the perforatioms. The
temperature sensor was a thermistor-type Gearhart-Owens 1-7/16 inch dif-
ferential temperature tool. Temperature d1g1ta11y displayed at the sur-
face was-logged by hand,

e Pre-production Pressure Gradient

Pressure from a Hewlett-Packard downhole pressure:gauge‘was recorded '
- digitally at depth increments of 1000 feet down to 13,000 feet and at .
the 14,644 foot gauge datum, 100 feet above the top of the perforations.
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e Bottom Hole Pressure

During the first flow and buildup tests, pressure at the 14, 644 gauge
" datum was sensed with a Hewlett—Packard pressure sensor.

e Wellhead (Tubing) Pressure

Wellhead pressure during all four instrumented flow and bu1ldup tests was
‘gensed using a Panex quartz crystal pressure sensor.

e Wellhead Brine Production Rate

The production rate upstream of the large choke manifold was measured
while adjusting the choke by use of a Camco 3-inch turbine meter and
portable display. Digital recording of turbine meter output was not
accomplished during the test.

With the exception of temperature, all RDI data were recorded on a common
d1g1ta1 system that provided both real time printout at selected time
increments and magnetic tape recordings durlng those times when bottom
hole pressures were being recorded. The time increments for surface pres-
sure recording were those dictated by reservoir data interpretation, Re-
cording time increments were generally 10 seconds at the beginning of

“drawdown or buildup tests and were increased by steps to a maximum of

5 minutes as each drawdown or buildup test continued. Data from the Panex

wellhead pressure gauge were successfully recorded at all times when that
gauge was in hydraulic communication with wellhead pressure.

Recording of data from the high-pressure turbine meter was not successful
during the test of this well. It is doubtful whether this data would
have contributed significantly to the interpretation, because the pressure
was substantially below wellhead pressure due to the necessity for con-
trolling production rate with the small wellhead choke rather than the
large chokes on the choke manifold.,

All RDI raw data are presented in Volume 2.
9.4.3 Surface Well Testing Company (Weatherly Engineering)

Weatherly Engineering provided continuous recording of the following four
channels of data:

e Separator Pressure

Separator pressure at the flange tap for the orifice meter was recorded
on a 24~hour circular chart with a pressure range of 0 to 1500 psi.
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‘@ - Orifice Meter Differential Pressure
f ? Orifice meter differential pressure was recorded by a second pen on the
P
o same 24~hour circular chart for a d1fferent1a1 pressure range of Q to
‘;100 inches of water, :
EJ e GCas Tbmpergture S
y | Gas‘temperaturé dovnstream of the orifice meter was recorded by a third

pen on the same circular chart with a temperature range of 0° to 400OF.

-

@ Sand Detection

The strip chart recorder on amn OIC Sand Systems, Inc. sonic sand detector
provided a continuous record of sand detector output at all t1mes during
-brine production. ,

Weatherly Engineering personnel also provided around-the-clock manual data.
logging of the following parameters on time increments of 1/2 hour, or of 1
hour during periods when incoming data was relatively constant:

e Separator pressure from the circular chart described above.

e Orifice differential pressure from the circular chaft-described above.

o Orifice differential pressure trends in gas production calculated
manually by multiplying the square root of the product of separator pres—
sure and differential pressure by an orifice factor characteristic of

0.6 gravity gas at standard temperature and pressure.

£

o Temperature from a thermometer installed between the large choke mani-
fold and the separator.

e Cumulative brine production from the counter on the brine turbine
operating at separator pressure.

e Calculated brine production rate and gas-to-brine ratio derived from
the difference in cumulative brine production at successive data logging
times and the gas production estimate described above.

‘o~ Differential pressure across the filters between the separator and
the dlsposal well, :

S

e Disposal well brine temperature as revealed by a thermometer installed
in a thermal well on the disposal wellhead.

-0
C
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e Disposal well pressure as indicated on a dial gauge installed on the
disposal wellhead.

The raw data logged manually by Weatherly Engineering is presented in
Appendix "E". The calculated values for gas production, brine production,
and gas/water ratio in Appendix "E" differ from those logged manually

in the field., This difference is caused by including gas temperature

and composition in orifice interpretation and correcting brine flow rate
to reflect brine volume at a temperature of 609F. :

Eaton Industries of Houston, Inc.
NOFE CONTRACT NO. Eaton Operating Co., Inc.
DF ACO8-80ET-27081 3100 Edloe
Houston, Texas 77027
(713) 627-9764

g

£

9

il

rw.,.qho
1 -



L ik

o/
P!
-
'10.0. - PRE-TEST OPERAIIONS
i; 10;1 ’ Completzon and We11 Bore Cleanzng

The well was completed in the Oligocene Marginulina Textularia No. 1 sand.
The completion interval was first perforated on June ‘8, 1980, with the
drilling mud displaced with 9.0 pound per gallon brine water. The first

. perforating was conducted with a 1,500 psi pressure differential between
the formation and the well bore in 7-5/8 inch casing. A 40-foot through-
tubing perforating gun was used to perforate from 14,778 feet to 14,798
feet and 14,799 feet to 14,819 feet with 4 shots per foot. When the
first perforating gun fired, a 1500 psi increase on the surface was
noticed almost 1nstantaneously. Perforating thereafter was performed
with a balanced pressure between the formation and the well bore.

—

Aftervperfqratlng the:znterval 14,778 feet to 14,798 feet with 4 shots

per foot, the well was allowed to flow about 8 barrels of formation fluid
priot to ‘the remainder of perforating. The perforating gun was then run
to increase the number of perforatzons in the above intervals to 8 per
foot, Two additional guns were then run to perforate the interval between
‘14,744 feet and 14,778 feet with 8 shots per foot. The well produced a
total of 150 barrels of formation water on June 9, 1980, in the process

of cleaning out perforating debris and drilling mud

Two additional production periods were recorded. On July 15th, about 375
barrels of reservoir fluid were produced to clean the well. On July 17th
about 1,100 barrels of reservoir fluid were produced at a rate of about
6000 barrels per day. The latter 4.5-hour flow test was to test surface
operational equipment. : )

10.2 Preliminary Well Bore Pressure and Temperature Recordings

The Hewlett-Packard quartz crystal surface recording pressure element and

a Camco surface recording temperature gauge were used to measure static

well bore temperatures and pressures, These instruments were run into

the well bore and recorded pressure and temperature at 1,000-foot intervals.

G

: Flgures J0~1 and 10-2 are the measured well-bore -pressures  and .temperatures
tabulated and graphically plotted as a function of well bore depth. This
should represent the original formation pressure and temperature as well
as furnishing data for calculation of original pressure and temperature
gradients. The straight line extrapolation of these data points provides
the gradient values to be used. The time required for stabilization of
pressure and temperature readings varzes with each instrument; therefore
1nd1v1dua1 readzngs may be slightly in error.

-

-
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The temperature plot for this well allows two straight lines in the extra-
polation, indicating a change in temperature gradient at about 11,200 feet
in depth. The temperature measured at 1000 feet is probably in error,
since the temperature at this depth usually falls upon gradient line
extrapolation. The extrapolation at zero depth is the normal mean ground
temperature in the area.

The pressure plot should also depict a deviation in slope at the same depth
as the temperature plot. This was not apparent from the data recorded.
Temperature does effect liquid density in a normal "PVT" relationship s

but in this case it was not recognized, and a temperature correct:.on factor
was not used to adjust the pressure readings. :

The temperature gauge was removed from the well and only the pressure
element was returned to the well bore for the production testing. Reser-
voir Data Incorporated also provided a three inch Camco turbine-type flow
meter which was installed in the flow line close to the wellhead. This
turbine meter was wired into the RDI digital recording instruments so
that fluid flow could be printed along with pressure and temperature data.
The computer software for this meter failed to operate, and the fluid flow
rate was not recorded during the test. Water flow, however, was recorded
by hand every 30 minutes at the water metering skid as the water passed
through a Halliburton three=-inch turbine meter.
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FICURE 10-1

“P. "R.- Girouard Well No. 1

b
L; " Static P;'eésure and Temperature Depth Me.asur‘ement,
L Depth (feet) L Pressure ’(psia) : 'Tefﬁperaturé (°F) va.adient (psi/ft) §
i o 66856k s o |
~ 1,000 - 7,418 . 81 455
{ 2,000 . 7,576.81 100 35
o 3,000 " . 8026 m | 445

| 4,000 . 8,463.53 122 440

| 5,000 "~ 8,909.12 l e 137 B YA S
L 6,000  9,347.83 s a3
. 7,000 9,789.92 n 161 o )
1J 8,000 5 10,212.70 ’ 172 422
{; 9,000 10,675.96 183 | .463

10,000 11,083.00 194 | 407
il 11,000 - 11,506.66 ~ 209 423
12,000 11,910.44 , 225 , .403

ij 13,000 S 12,347.4$~5;'1, o m o 437

| 14,00@',i T A . 254 e
ié W,64h - 13,141.48  » o 2m2 482
|

f
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11.0 TEST PROCEDURE

The test procedure for the P. R. Gzrouard No. 1 Well" 1nc1uded three pre-
liminary flow periods to clean the hole and test the surface facilities.
Following these preliminary flow perxods, a sequence of flow and buildup

"~ tests was carried out to evaluate reservo1r parameters, produced : fluids,

and flow characterlstlcs.

11.1 First Flow Test

The initial reservoir pressure drawdown flow test lasted 1.01 days, during

which 4,117 barrels of water were produced. - The test provided early in-
formation to allow planning for the subsequent flow tests. During the flow:
period, the productzon increased from 3, 688 to 4,344 BWPD at a constant

‘choke setting.

11,2 Buildup Test

The first flow test was followed by a 2,18 day continuous reservoir build-

up test. Two attempts were then made to obtain in situ samples of
reservoir fluids. The bottom hole sampling operations are discussed
in Section: 12,6.4

11.3 Second Flow Test

The second reservoir pressure drawdown fldw test lasted 1.36 days,~during

‘which 10,604 barrels of water were produced. The production rate averaged
. about 7,800 BWPD. ~The rate originally desired was 10,000 BWPD, but, be-
" cause of a choke control problem and loss of wireline weight bars off the

bottom hole pressure gauge, the rate actually obtained was lower. The loss -

" of wireline weight caused concern that fluid passing the bottom hole instru-

ment was pushing the tool up the hole. The test was terminated so that
the Hewlett-Packard gauge could be removed from the well and hxgher flow
rates could be achieved.

The second flow test generally supplemented the data obtained during the

initial flow test. Formation sand production was observed during this test
period. ‘
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11.4 Third Flow Test

The third flow test was performed to obtain flow characterisitcs and ad-
ditional fluid properties. The bottom-hole pressure element was not in
the well during this flow period. Pressures were recorded on the surface
at the wellhead using the Panex gauge and were checked with a dead weight
tester (DWT) for accuracy. The test was conducted over a period of 1.19
days, during which 13,727 barrels of water are produced. Flow rates in
excess of 15,000 BWPD were reached, but fluctuations in separator dump
valve operation prevented steady data readings. Sand production also
occurred during this test. The flow period was discontinued so that the
separator dump valve could be modified. -

11.5 Fourth Flow Test

The well was flowed for 1.38 days after modification of the separator dump
valve. A total of 9,664 barrels of water were produced during this test,

which was conducted to gather reliable water and gas production data. Sepa— -

rator pressure was varied to investigate the effects of separator pressure
upon the gas recovery. Formation sand production continued, and the test
was discontinued because of concern about the sand production and filter
plugging, and because sufficient production.data had been obtained, Sur-
face flowing pressures were recorded using the Panex pressure gauge and
checked with the DWT.

11.6 Fifth Flow Test

The fifth flow test was conducted to physically measure formation sand

-, production from the well and to compare the actual sand production to the

sonic sand detector data. The test lasted 0,18 days, during which 2,193
barrels of water were produced. The highest flow rate achieved durzng
this test was 18,460 BWPD. A total of 385 barrels of water were produced
‘into two open steel tanks, and approx1mate1y 0.65 pounds of sand were
recovered from the tanks. The sonic sand detector had registered produc~
"tion of 0.25 pounds of sand. Surface flowing pressures were recorded
using the Panex pressure gauge and checked with the DWT. A detailed dis-
cussion of sand production can be found in Section 12.7.
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12.0  TEST RESULTS AND ANALYSIS

‘ 12.1,A " Initial Drawdown Flow Test and Pressure Buildup Test

This test was originally designed as a well bore clean1ng test and an
early information test that would give sufficient data to allow a more
thorough final testing procedure. The original plan was to open the

well to a flowing rate of about 2400 BWPD by gradually opening the produc—

~tion chdke over a two-minute period. The choke design made this plan

difficult, and a flow rate of 3866.4 BWPD was obtained as a starting flow
rate, after about nine minutes of trying to control the production rate
with the choke, Once this rate had been established, it was decided to
continue the 24~hour flow test. The pressure drawdown readings on the
Hewlett-Packard'pr1nted tape were very smooth, 1nd1cat1ng a reliable.

test in progress, It was obvious that any additional minor movement of
the adjustable choke mechanism would cause major changes in produc1ng
rate.

The production rate established was not constant at the choke setting,

but registered a uniform increase from 3866,4 BWPD to a final rate of

4344 BWPD at the end of the 24-hour flow period. There were no indica-
tions of any sand production during this flow period. The metered cumula-
tive water produced during this test was 4,117 barrels at separator

_temperature and pressure. The gas in solution measured approximately 40

cubic feet of gas per barrel of water. The separator gas flared contained {
about 6.4%Z COp. The gas gravity was 0.63, and the heating value on an
average daily basis was approximately 965 Btu per standard cubic foot.

A Hewlett~-Packard surface-recordrng bottom hole pressure gauge was used for .

" all bottom hole pressure measurements. A deadweight tester and a Panex

recording pressure gauge were used for all wellhead pressure measurements.
The bottom hole pressure element was set at 14,644 feet in the casing,
100 feet above the top of perforations. This placement was to eliminate

_possible ''bird caging" of the wireline cable that might occur from fluid
'turbulence in the perforated 1nterva1

The initial bottom hole pressure was 13,141.67 psia at gauge datum; this
was corrected to 13,202.62 psia for a datum of 14,781, ,5 feet or midpoint
of the. perforated 1nterva1 The temperature measured at instrument datum

. was 272°F, which corrected to 274° at midpoint of the perforations. ‘All
‘measured pressures discussed in this report will be those measured at the

instrument datum, since all interpretations for reservoir flow problems
are determxned from: the rate of pressure change.

The rate of pressure drawdown at the ‘sand face of ‘the reservoir is depxcted

on Figure 12-1, This is represented on a semilog graph1ca1 plot of bottom
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hole pressure drawdown versus the logarithm of time in days. Also plotted
on this graph is the pressure buildup information that was obtained fol-
lowing the initial flow period of 1.0098 days. Figure 12-2 is the same
pressure data that was recorded on tape and mechanically plotted by com—
puter during this test period. Figure 12-3 is an enlargement of the

graph to allow interpretation of pressure trends during the f1rst 2%
hours of the flow period.

The plotting of pressure drawdown and the following pressure buildup on

the same graph is for the purpose of qualifying the data obtained, since
one should be the mirror image of the other if the test is properly con-
ducted. Figure 12~4 is the semilog computer—plotted graph of the surface
pressure during the flow test and the buildup test. The general shape

of the plot is similar to bottom hole pressure, Figure 12-2, but the rate
of change is very inconsistent. (Note: Figure 12-2 in hours, 12-4 in days.)

The time required to completely shut the well in was about 3 minutes. The
pressure element continued measurement of the buildup pressure for 2.177
days and was removed to start bottom hole sampling. The bottom hole pres-
sure at the time the element was removed was 13,015.43 psia or 126.24 psi
below the original measured pressure. Details of this pressure data are
contained in Appendix E, Volume II. -

During the sampling period, the well was allowed to flow about 5 barrels

of reservoir fluid just prior to obtaining the bottom hole sample. In
general, the well can be considered to have been shut—in until the pres-
sure element was run back to datum depth to start the second flow test.

The final buildup pressure was measured after 6.0972 days of shut-in time
and was recorded as 13,111.21 psia. This is 30.64 psi below the original
pressure of 13,141.67 psia measured at instrument datum. The depth measure-
ment was made on a new wireline and might not be at the exact depth at
which recordings were made with the previous instrument.

Reservoir Data, Inc. had been unable to run the original cable back into
the well for bottom hole sampling. Two new wireline units were sent to

the location to ensure continuation into the second phase of testing. The
original cable was later examined thoroughly and was found to be badly
worn, with several strands broken and frayed. This had prevented the cable
from going through the close-fitting lubricator tubes. During the interim,
GO, Inc. furnished a mast truck and w1re11ne unit for two runs of thelr
bottom hole sampler.

The interpretation of this first flow test indicated the well was flowing
from a very restricted flow area around the well bore. The reservoir
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interpretation was that of a completion in one end of a lenticular type
sand with permeability pinchout. This also meant the sand around the
completion area was variable in net effective sand thickness. Therefore
no radial flow slope was possible and a true Kh value could not be ac-
curately determined,

-Figures 12-5 . and 12-6*‘arevthe calculation data sheets prepared.fdr this

interpretation. The data sheets assume that 91 net feet of pay (75 feet

of perforations) contributed to this initial flow rate. The compressibility
of water and the water formation volume factor was ‘calculated from the
Reservoir Fluid Analysis prepared by Weatherly Laboratories, Inc., dated
Angust 20, 1980. The water formation volume factor calculated for 13,203
psia and 274°F reservoir conditions for an undersaturated brine was 1.0455
Bw and 3.202 x 106 for water compressibility. The first detectable slope
occurred before a constant rate of flow had been established with the type
of adjustable choke used. The value of 55 psi per cycle was used in this
calculation for example purpose. Note a calculated value of 2470.4 md-

ft and 27.1 mds. permeability. The resultant skin.factor was -3.158, which .
is impossible considering the manner of completion for this well.

A drawdown slope between 20 and 25 psi per cycle is needed to gain a zero
skin factor. - These slopes would correspond to permeability between 200
and 240 mds. These values would allow a skin value of sbout -0.7 and
+0.5. Experience has shown this is sbout the order of magnitude of per-
meability to allow such & high production rate with such low pressure loss
during the first 4 minutes of flow. In other words, permesbility of some

200 mds is the order of magn1tude expected to meet conditions seen in this

flow test. Permeability is one of the key functions used in determining
distance to barriers; therefore these calculations are for use in approxi~
mation only. The slopes of drawdown read during the final flow period are
realistic for the fluid expansion seen. Figure 12-7 is a plot of the
calculation of the rate of aquifer drawdown, "Y", in psi per day per
reservoir barrel of water. After flow time of 0.4 of a day, or 9.6 hours,
these points are close to the 45 degree straight line plot developed by

using a drawdown slope of 1100 psi per cycle. The calculations assume

rates constant for every 30-minute period that production rates were re-
ported. The corresponding water explored as a funct1on of a flow time is
correlated on the rlght side of the graph.

Pore volume calculat1ons were attempted using reservoir geometry and acreage
factors needed to meet the explored water depicted on Figure 12-7. A very
restricted area of flow around the well was required to meet the geometry.
In other words, a flow angle of less than 50 degrees and net pay much less
than that previously estimated from the log of the well are required.
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FIGURE 12~5 RESERVOIR LIMIT TEST
(J. DONALD CLARK, P.E.)
RESERVOIR DRAWDOWN TEST
FOR

GEOTHERMAL~GEOPRESSURED WELL

First

Test date: 7/22-23/80 Type Test:Drawdown Lease and Well No.P., R. Girouard No, 1
Producing Formation:_ Oligocene-Marg.Tex.No. 1 Field: Cade (Lafavette Parish)

Hole size: 8-1/2" Casing Size: 7-5/8" Tubing Size: 3-1/2" State:_ Louisiana

1625 Start

_ Cumulative Production: 5742 n Gas Gravity:0,625 2Z: 1.59

Constant Rate Producuon 4;44 (bbls/day) Water Salinity:_27 500 PPM Total 8011ds
T8
Total Production Life: 1 27 days Porosity, ¢: -26  Gas-Water Ratio: 37 ft Job1

Reservoir Temperature:274 Net Pay:9le ft. Perforations:l4,744~14 819 ft
pg_.039 cps uw_  .2le cps Bw. 1,0455 R.B./B, Bg 4553 R.B./MCF
Cr 37323100 ¢ x10°% cw3.202 x10% G s3  x107°

m 35 psi/eycle P at 1 hour:_ 12,969 Sg 0 Sw 1,00 Pi 13,203 sia

: Pf______  psia
I. Calculation of kh (md-ft) and k (md): :

kh = 162.6 (Q)(B)(u)/(md)
kh o= 162.2 ( 3806 ) ( 1.0455) ( .21 )/ (55) = _2470.4 . md-ft

k  =(2470.4 Jmd-ft / ( 91 )ft = _ 27,1 mds

II. Bg = (rb)(rf)(z)uooo)/(s.61)(520)(1’R) = :
Bg = (15.025) ( 734 ) ( 1.59 ) .34279/( 13,203 ) = _4553  Res. bbl/ MCF

III. Calculation of Skin Effect, s, and Pressure Loss Due to Skin, AP skin

s = 1.151 [(i;—m) - log (ﬁ”-) N 3.23]

- 1. 151[7€13,242 )-(12 969 ) ( 27,1 ) 108 = =3.158%
y 1'151[(_—7_55_52—) - 1og(— .26 JC .21 (3,732 ) 101 P 3. 23] 2.8

AP skin = (0.87)(s)(m) = psi

‘- _ - :° * Negative skin shown lst drawdown
AP skin = (0.87)( _3'158 )€ 55) 151 pel was not obtained, or less than 55.

IV. Diffusivity, n
n = ,006328 (k) /¢ Cp =

n = .006328 ( 27.1) / ( .26)( .21 )( 3.732)107° = 841,592 ftzlday
n= .006328 ( 220 ) ( .26)( .21 )( 3.732)106 =~ 6,832,110

= BewBw (1,0468-1,0456) -6
O = Bew(Pw-rew) _ 1.0468(13,500-13,142) = 3:202 x 10

Bw @ 13,203 psia = (3.202 x 10 521.0560)(13,203-10,090) = 1.0455 @ 274°F

1.0560-Bw
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FIGURE 12-6
RESERVOIR LIMIT TEST
(J. DONALD CLARK, P.E.)
- RESERVOIR DRAWDOWN TEST (CONT'D)
. : First
Test Date:_7/99-23/80 Type Test:_Drawdown Lease and Well No. P, R, Girouard No, 1
~ Calculation of Productivity Index (B/D-psi) and cmpletion Efficiency, CE
. (4117 )1.0455 .
J (actual) = F, - T, = {3,152 - 11,848 3,326 bbls/D-psi
iaald i ¢ ) . e
J (ideal). Pi Ty E Wi =1 = y bbls/D-psi
J (actual) .
CE J (ideal) ! 5 — L
Distance to Barrie,rs’ or Diécontinuities, d d=2ven—

a =2V 841592 ) x ViE=( 183% )VE

Flow  Jones Y Bbls of Aquifer

time, days. = t d, ft. (psi/cycle) Angle Function ‘Explored or Tested
0023 .0480 8 . _ 55 3609 2,5723  _0.116 x 10°
.0035 .0592° 109 111 _360°  3.4115 0,088 x 10°
.0060 0774 142 175 228°  3,1374 0,095 x 10°
.025 L1581 290 241 166° 11,0370 - 0,288 z 105
LOS1 - ,2258 414 433 920 0.91328 0.327 x 10°
«20 - L4472 820 493 _81° 0.26495  _1.127 x 10°
.30 - L5477 1004 . . '535 - 75°  0,19151 1,560 x 10°
1.0098 1,0049 1843 __ 1100 36°_ 0.11025 2.709 x 106

Opened well e 19 :30: 50 PM on 7-22-80 closed we11 @ 19 45:00 PM on 7-23-80 _Total.
ﬂow t:une was 1654 67 mnutes or 1, 0098 days. o )

Y = (1100)/(2 3)(4108 8)(1 0455)(1 0098) = ,11025 Res. Bbls. per day per psi.
w=(1, 0)/(1 0455)(3 202 -x 10‘ ). 11025) = 2,709 ;344 Bbls, of water: explored.

Pore Volume Check

(7758 g/Ac JFE,)(.26)/(1,0455) = 1929° Bbls. per ‘acre - foot, water.
(1843)“n/(43,560) =245 acres; (245)(111/1100) = 24.7 acres

(24.7 Ac. )(1929 Bbls,./Ac.Ft. )(91 Ft.) = 4,335,813 Bbls. (slightly high)
(24.7 Ac.)(1929 Bbls./Ac.Ft.)(56.8 Ft.) = 2, 706 300 Bbls. (possible check)

‘ ' Eaton Industries of Houston, Inc.
DOE CONTRACT NO. Eaton Operating Co., Inc.

DE-ACQ8-80ET-27081 3100 Edioe
: Houston, Texas 77027
(713) 627-9764
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FIGURE 12-7

0. FIRST DRAWDOWN TEST o™
P.R. GIROUARD NO.! WELL

July 22 & 23, 1980

\\ A

Y.dpld: . nsi per day
QwbBw Res. Bb1. :

| s

w
W= Bbls. of Water
NOTE:(x) is: Y every 30 minutes of flow time. Explored
Solid line uses siope of drawdown
AYS .
0l ~D L 10

.00l Re | 0.l 1.0

The buildup test that followed the initial drawdown test developed the
mirror-image configuration of the drawdown for the first 8 to 10 hours;
then the slope curved to the right, as expected when the test is con-
ducted following a drawdown test of one day. The plot does depict the
same reservoir flow restriction around the well, as well as a relatively
high value of permeability.

A sand interval having permeability barriers in the form of sands pinch-

ing out, possibly a sealing fault or two, and many other lithogical varia-

tions, presents problems for detailed interpretation. The general inter-
pretation of close permeability barriers and extremely restricted flow
areas is realistic. The capability of the well to produce at normally
high rates for any extended period of time is highly unlikely.

To support the conclusion that barriers exist close to the well, Figure
12-8 details the pressures measured at 10-second intervals during the

first 45 minutes of the buildup test. To completely shut the well in re-~
quired about 3 minutes, or 0.00208 days on the log cycle graph. Note on

Eaton Industries of Houston, Inc.
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" on Figure 12-8 that the first pointé fall on the solid straight line after

this time. Note also that the measured pressure points fall on three
distinct straight lines. Between .002 days and .0027 days (2.88 and 3.89

‘minutes) are four 10-second pressure points around the intersection of

the dashed line and the first solid plotted straight line. The 3 slopes
depicted on graph of 102, 147, and 212 psi per cycle respectively, when
used in radial flow equations, would equate to negative skin effect. This
would be true regardless of the amount of net effective sand applied to

~ the flow equation. This indicates that there must be a permeability

barrier prior to the 3.5 minute intersection depicted on this graph.

Therefore, thecretically, what condition could realistically be considered:
that would allow a zero skin effect? The thickness of effective pay must

be reduced and permeasbility must be increased from that depicted on the
drawdown calculations (Figures 12-1 and 12-2)., The first perforations were
made in an interval of 32 feet, with 1500 psig pressure differential between
the formation and the well bore. The dashed line in Figure 12-8 crossing
the first solid straight line at 0.0024 days, or about 3.5 minutes, is an °
estimated condition using 24 psi per cycle buildup slope, using 201.9 mds
permeability, 32 feet of net effective sand, pressure at 1 hour on the

- slope of 12 010'psia, and a measured well flowing pressure of 11,848 psia. .

. These values were used mathematlcally as follows:

k = 162 6 QW Bw pw/hm

201.9 = (162.6)(4344)(1. 0455) (. 21)/(32)(24)

. 6 '
L 12,010-11,868 _ | (201.9)(10%) 23
Skin . 1'151[: %% log 7365 (.2D (3. 73D (1009 " :]

S = 1. 151 (6,750 - log 9,819,986,143 + 3.23)
s = 1 151 (6 750 - 9.992 + 3.23) = 1. 151 (-.012) = -,0138

(Detalls of the above calculations are xncluded in Fzgures 12-9 and
12-10).

This ie very close to zero skin effect and would meet the conditions de-

picted in the first drawdown and the mirror image buildup. The effective
permeability of 201.9 mds would place the distance explored in .0243 days
(3.5 minutes) at 247 feet from the well bore. The second intercept at

.007 days would calculate a distance of 419 feet, and the third intercept
at .0155 days (22.32 wminutes) would be depicted at 623 feet from the well

_Eaton Industries of Houston, Inc.

DOE CONTRACT NO. . Eaton Operating Co., Inc.
DF -ACOR-80ET-27081 3100 Edloe

Houston, Texas 77027
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FIGURE 12-9
U RESERVOIR LIHI’I ‘TEST .
¥ (J. DONALD CLARK, r.ﬁ'.)"’ff'
- RESERVOIR DRAWDOWN. TEST
L Sngn-iuin
. GEOTHERMAL-GEOPRESSURED WELL
L Test date: July 23, 1980 Type Test:Buildup  Lease and Well No._ P. R. Girouard No. -1
Producing Formation: Oligocene-Marg. Tex. No. 1 B . Field: Cade (Lafayette Parish)
) Hole size: 8-1/2" Casing Size: 7-5/8" Tubing Size:3-1/2" State: Louisiana
L Cumulative Production:_ 5742 Bblc. Cas Gravity: 0.625  2: 1.59

Constant Rate Production: 4344  (bbls/day) Water Salim.ty 22,500 PPM Total 8011dc
'roul Production Life: 1,27 _days Porosity, ¢: .26 . Gas-Water Ratio: #37 ft /bl

b Reservoir Temperature: 274 °F  Net Pay:_32e_ft. Perforations: 14 744-14,819 £t
. ug 039 cps. yw__.2le ‘eps Bw__1.0455 R.B./B. Bg .4553 R.B./MCF
Cr3.732 x107% g x10° cv 3.202 x10% G .53 mo™®
‘m _24e _psi/cycle P at 1 hour:_12,010e Sg Sw100%  Pi13,203  psia

pg = 11,848 psia

I. Calculation of kh (md-ft) and k (md):
Kkh =-162.6 (Q)(B)(n)/(nd)
Kh = 162.2 (4364) ( 1,0455) ( .21 ) / (26 ) = ___ 6461.6 md-ft
ko= ( 64616 )mi~ft /( 32 )fr= 2019  mds

II. Bg = (Pb)(TE)(2)(1000)/(5.61)(520)(R,) = , ‘
Bg = ('15.025) ( 734 ) (1.59 ) .34279/( 13 203) = 4553 Res. bbl/ MCF

I1I. Calculation of Skin Effect, s, and Pressure Loss Due to Skm, AP skm

P:l. P. ur) - 108 (W) +3 23]

s = _1.151[

' 1010 )=( 11,848
e = 1.151[( (12( 24) ( : ))-

AP skin = (0.87)(s)(m) = psi o e

AP skin = (0.87)( ~=.0138 )W 2% ) = =288 “psi
Iv. D:.ffus:.vzty, : . e :

n = .006328 ) /¢ cr = '

n = .006328 (201.9) / (.26 X .21 )(3.732 2078 - 6,270,014  ft2/day

(2019 1% - =
log{ 253tz YO AT 3 23] _-.0138

s =1, 151(6 750 = log 9,819,986,143, + 3. 23)
s§ =1, 151(6 750 = 9.992 +3.23) = 1, 151(~.012) = =,0138
Value close to zero skin.
s1 L (162.6) (4344) (1,0455)(.21)
Pes @ ~(32)(201.9)

= 24 psi/cycle

Eaton Industries of Houston, Inc.
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FIGURE 12~10
RESERVOIR LIMIT TEST
(J. DONALD CLARK, P.E.)
RESERVOIR DRAWDOWN TEST (CONT'D)
Test Date: July 23, 1980 Type Test: Buildup Lease and Well No.P- R. Girouard No. 1

Calculation of Productivity Index (B/D-psi) and Completion Efficiency, CE

J (actual) = 3 = ( ) = bbls/D-psi
Pi - Pf ( - ) e—
(3 Q ( ) - N
J  (ideal) -@ = Pf) ~ TR - Y=t y bbls/D-psi
= J (actual) _ (. ) .
CE TGdead "1 ») I
Distance to Barriers or Discontinuities, d d =2 venW—

a4 = 2V( 6270014 ) x VE=( 5008 )y

. Flow Jones Y . Bbls of Aquifer
time, days t d, ft. (psi/cycle) Angle Function Explored or Tested
(3.5 nin.% -

6

.00243 +0493 247 24 ‘ 3609 0.9455 0.316 x 10
,007 .0837 419 102 85°  1.3946 0.214 x 10°
.0155 .1245 623 147 "~ 59°  0.90791 0.329 x 106
—— 5 =
2021 . 1449 762 212 41 0.9664 0.309 x 10

Y = (24)/(2.3)(4344)(1,0455)(.00243) = 9455

W= (1,0)/€¢1.,0455)(3.202 x 106)(.9455) = 316,000 Bbls.
(762)2%/(43,560) = 41.88 Ac.

(41,88 Ac.)(24/212) = 4,74 Ac. Effective Area

Y= (212)/(2.3)(&344)(1.0455)56021) = 9664

W= (1.0)/(1.0455)(3.202 x 10°)(,.9664) = 309,000 Bbls. Explored
(309,000) /(1929 Bbls./Ac.Ft.)(4.74 Ac.) = 33.8 Ft. Net Sand Required.

Eaton Industries of Houston, Inc.
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- _bore. Experience in interpreting reservoir limit tests in gas wells,

having a much lower rate of fluid diffusivity or transmisssbility, concurs
with the early conclusion arrived at from the original production draw-

down plot. This example was used because the first pressure‘pqints,_after'

- the 3 minutes required to fully close in the well product1on;‘fe11 on
‘a straight line extrapolatxon. The sensitivity built into the Hewlett-

Packard pressure record1ng instrument allows this type of analysis.

- The gross sand interval was estimated to have a total of 91 feet of

permeable sand. The perforatlon 1nterva1 covered only 75 feet of the
total sand zone.

The data from the first drawdown test indicated the total net sand avail-
able was not contributing to the fluid flowing. The 32 net feet came

from the first perforation of 32 feet made with 1500 pei differential

pressure from formation to well bore. In the buildup test, using the
data developed from the drawdown estimates, the net sand needed would be
33.8 feet. This is a proper order of magnltude to support the conclu~
sions derived on the drawdown test.

In general, the conclusions that can be derived from the first production

drawdown test, and confirmed by the subsequent buildup test, with the

assumption of no skin'effect, are the following:

1. Effective production capac1ty, or product1v1ty, Kh, is spproxi-
“mately 6424 md.=-ft.

2. Effective met sand is about 32 feet.
3. rEffectiﬁre 'pemeebility is about 202 n;de.
4. Area explered in one'dey wesaboutZS ecres;
5. Water explored’ie one day was. 2:7’mi11ion\barrels.
6. The well is completed in a lent:.cular-type ‘sand with permeability
pmchout. The well is” flow:.ng from a very restricted flow area

' '”‘1n the upd:.p structural portion of the’ reservon'.

an 7. The well is excellently located for a hydrocarbon prodﬁclng well.
" The bighly restricted flow area around the well would prevent the

" high rates of brine flow that would be required for geopressured—

‘ 'geothemal prospects. -

Eaton Industries of Houston, Inc.
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12.2 Second Drawdown Flow Test

r—

The second flow test was originally planned for a production rate of 5,000
BWPD. The data developed from the first 24-~hour ‘flow provided sufficient
information to suggest modification of test procedures. The first test
showed the reservoir sand pinching out close to the well bore and that

the well could be opened much faster than originally planned. Controlling
the choke to a prescribed rate was very difficult with the equipment on
the well; therefore a revised plan was discussed and approved by all
concerned,

Ay
s

e
S|

The new plan was to attempt to open the choke within 20 to 30 seconds to
permit a flow rate of around 10,000 BWPD, with a rate acceptable of 2,000
to 3,000 barrels per day above or below 10,000 BWPD. The plan was also
to continue to draw the well bore pressure down without resorting to
additional buildup tests. After 24 hours on flow, the rate was to be
‘increased to the maximum safe limits of the production equipment, some-
where between 15,000 and 20,000 barrels per day. '

|

r—

iy
]

r

The well and equipment were ready for the start of the test at 2205 hours
on July 29, 1980. The surface pressure was 6666.12 psia, and the bottom
hole pressure at 14,644 ft. was 13,111.21 psia. This was 28.53 psi below
the initial surface pressure of 6694.65 psia and 30.46 psi below the
initial bottom hole pressure of 13,141.67 psia, after six days of shut-
in time.

|

r—

The attempt to open the choke within 20 to 30 seconds was not successful,
The rate of 6998.4 BWPD was established in about 3 minutes, and the choke
was maintained in that position for the first 24 hours. The separator
pressure was maintained at 250 psig, or the same as the previous test.

[ S

The first part of this flow test saw a gradual increase in measured produc-

tion rate to 7315.3 BWPD in 1.5 hours and then a gradual decrease to

6988.8 BWPD after the first 6 hours of the flow period. The flowing P
bottom hole pressure had dropped to 11,860.43 psia at 0415 on July 30th 8!

‘or 370 minutes into the second flow period. At this time, there was a
sudden increase in bottom hole pressure to 11898.07 psia, and the grease
seal in the lubricator broke loose temporarily. This pressure increase
is depicted on Figure 12-11 at about 0.25 days on the time plot. This
phenomenon continued for about 20 minutes and then continued to occur
erratically on a mean decline slope at about 1270 psi per cycle. The
previous decline slope was relatively smooth at 1010 psi per cycle.

The sand detector indicated the passing of some debris for a short time
after this phenomenon. This normally occurs when plugged perforations
are opened and begin to flow for the first time.

r— r

- W

Eaton Industries of Houston, Inc.

r.

DOF CONTRACT NO. Eaton Operating Co., Inc.
DF ACOSR 80ET-27081 3100 Edloe
78 Houston, Texas 77027

(713) 627-9764

r—



1

" | Ficure 12-11
' ' 13200 . T mets,maaipsie
-
i

22:03:30
7-28-80

L 13000 PRESSURES RECORDED AT 4,644 FT,
L , : §§°9"°,PR"99"“
L 12800 L
' .
12600 "”:i
t‘ 12400 L=
L 12200 | E
) b

{2000 L. BOTTOM HOLE PRESSURE
h | 'second Drawdown Test......
o o 1800 | Pressure Vs. Time (Hours)
» ' ~ DOE-EOC Well of Opportunity
- P.R. GIROUARD Well No.l

Pge 11,239 67 pule

neoo .- : sioon tu
o ~ _Cade Field, Lafayette Parish,Louisiunq
,; na00 | -
U ) L : PLOTTED N DAYS
! 11200 et NI BT N W I WL T IST] TR AL 11111

- - 0.00t" oo o | B ¢

., Examination of production rates reported at 30 minute intervals did show
a change following this probable opening of additional perforations. The
production rate was declining from 7315.3 BWPD just prior to midnight to
6988.8 BWPD at 0400. At 0430, the rate averaged 7032 BWPD and then in-
‘creased at a rate of about 155 barrels per hour for the next 3.5 hours.
This is equivalent to 7531.2 BWPD.  The drawdown slope increased from
1015 to 1270 psi per cycle. Therefore at least a portion of the increase
in pressure decline rate could be from the production rate increase., The
slope of 1270 psi per cycle should have been 1770 psi per cycle when
compared to the slope from the initial flow test. The increase in net
sand with the opening of additional perforations could have created suf-
‘ficient decrease in flow slope to offset the additional major increase
in slope -expected from rate increase. The pressure data continued to
fluctuate, and production of very fine sand was reflected on the sand
detector throughout much of the remainder of this drawdown test. The
pressure fluctuation is interpreted as being caused by cleaning of ad-
ditional perforations with continuous pressure loss at the sand face.

]

The final production rate of the second test at 0645 hours on July 31,

1980 was measured by Weatherly Engineering as 8459.6 BWPD. The flowing
pressure at datum depth was 11,241.52 psia, and the flowing tubing pres-
sure was 3719.26 psia. The rate was cut back at this time to 1000 BWPD

L Eaton Industries of Houston, Inc.
DOE CONTRACT NO. " Eaton Operating Co., inc.
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for a few minutes and then shut in to remove the pressure gauge from the
well, so the production rate could be increased. Pressure continued to
be monitored on the surface with the Panex recording element and dead-
weight tester. The reason for removing the pressure gauge was the loss .
of weight on the wire cable when the production rate exceeded 8500 BWPD.
This was thought to be the result of friction omn the cable from increased
flow rates driving the pressure gauge up the well bore, which would in-
validate its readings. It was later discovered, upon retrieving the
pressure element, that over one half of the weight bars attached to the
gauge had dropped off in the well. This accounted for the reduction in
weight on the wire cable observed at the surface during the flow test.
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Figures 12-12 and 12-13 are calculation data sheets for the second draw-
down test. This test, being at a higher production rate, presented a
higher rate of pressure decline. The same general interpretation drawm
from the previous test was evident. The explored volume of water at the
end of 1.357 days on flow was much larger than in the previous test. The
increase was approximately 3 million barrels, for a total of 6.362 million.
This would account for the additional sand volume exposed with the ad-
ditional perforations opening and contributing to the flow test. In order
to check the 6.362 million barrels of water explored, using the 1270 psi
per cycle drawdown rate, the total 91 feet of net sand determined for

the total sand section had to be used. This additional sand allowed a
pore volume calculation of 4.599 million barrels of formation water,
which is still less than the explored volume of aquifer. The addition

of 282 more sand down dip of the well would suffice to equalize this dif-
ference. This would be a logical addition, since the sand section is de-
picted geologically to have considerable sand thickening down dip of the
well location. In general, the second flow test supports the conclusion
from the first flow test that only the lower portion of the zone, or

the first perforated interval, was open to flow initially. The second
test, at the higher rate, drew down the pressure sufficiently to open
more of the sand interval to flow.

12.3 Third Flow Test

The third flow test began at 1115 hours on July 31, 1980, with the lubrica-
tor removed from the well and a Panex gauge attached to the flow line down-
stream from the adjustable choke on the christmas tree. The wellhead pres-
sure, prior to opening the well at 1125, was 6255.58 psia. .The choke was
opened in steps over a two hour period until wellhead pressure was within
100 psi of the separator pressure. By 1330, a stable brime production rate
of 15,566 BWPD was achieved at a separator pressure of 420 psi and a well-
head pressure of 490 pei.

ro

~
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FIGURE 12-12

RESERVOIR LIMIT TEST
.~~{J. DONALD CLARK, P.E.)
 RESERVOIR DRAWDOWN TEST
| PR
_GEOTHERMAL-GEOPRESSURED WELL

S P Second
Test date: 7/29,30,31/1980 Type Test: Drawdown Lease and Well Mo, P.. R, Girouard No. 1
Producing Formation: Oligocene-Marg. Tex. No. 1 Field: Cade (Lafayette Parish)

Hole size: 8=1/2" (Casing Size: 7-3/8" Tubing Size: 3-1/2"  sgtate: Louisiana

Cumulative Production: 30,073 . Géq‘ Gravity: 0.625 z: 1.59

Constant Rate Production: 6998.4- (bbls/day) Water Salinity: 22,500 ppy Total Solids

Total P.rodﬁction I‘.ife': 2.8 days Porosity, $: .26 Gas-Water Ratio: 37 ft3/bb1'

Reservoir Temperature: 274 °F Net Pay:_ 91 ft. Perforations: 14,744-14,819 £t
RTY .0392cps. v +21 cps  Bw 1.0455 - R.B./B. Bg 4553 R.B./MCF

Cr3.732 x10% g x1075 ow _3.202 x10% G .53 x107°

.m 168  psifcycle P at 1'hou;:‘12-755' Sg 0 §w 1,00 pj13.203 pgia

. ;o P£ 13,111.21 psia
I. Calculation of kh (md-ft) end k (nd):
kh = 162.6 (Q)(n)(u)/(md)

“¥h =162.2 ( 6998.4) (1.0455 ) (.21 ) / (168) - 1487.1 md-£t
kK =( 1487.1 Jmd-fe / ( 91 dfr=__ 163 mds

I1. Bg = (rb)('rf)(z)(looo)/(s 61)(520)(1= )=
'Bg-(ls 025) (734 ) ( 159 ). .34279/( 13,203 ) = _ 4553 Res. bbl/ MCF

III. Calculat:.on of Sk:.n Effect, 8, and Pressure Loss Due to Skm, AP skm

s = 1.151 [(Pl —F. '”) log (W) *+- 3 23]

s =1. 151[(-—1%111———1-,‘11168‘( 2 ) - 1og(_(—)-(—1§--1ﬂ——19——ﬂ-—))3 1 5 3 23] ____g_._QQ___

. &P gkin = (0.87)(8)(m) = psi -
AP skin = (0.87)C ~4.09 )(168 ) = =578%  psi *Nq: valid data.
IV. Diffusivity, n o e
n = .006328 (k) /¢u C, =

n = .006328 (16.37) / ¢ .26)( .21)(3.732)107° =__ 506,197 - fe?lday

1 Eaton Industries of Houston, Inc.
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FIGURE 12-13

RESERVOIR LIMIT TEST
(J. DONALD CLARK, P.E.)
RESERVOIR DRAWDOWN TEST (CONT'D)
Second

Test Date: 1122,30‘,31[80 Type Test:Drawdown Lease and Well No. P. R. Girouard No. 1

Calculation of Productivity Index (B/D~psi) and Completion Efficiency, CE
Qw = 7812,6 BWPD for 1,357 days flowing

- (_7812.6) .
J (actual) ¥, -7, " (13111 - 15,750 = —4-176 bbls/D-psi

. I ( ) '
I (ideal) (e, - P -&F skin =~ ( - ¢ )
CE w3 (actual) _ ( ) o .
J (ideal) ( ) — or
Distance to Barriers or Discontinuities, d d = 2 veH—

d =2V (506197 dx Vet=1(1423 )vVt

bbls/D-psi

. Flow Jones Y Bbls of Aquifer
time, days t d, ft. (psi/cycle) Angle Function Explored or Tested

005 07416 106 168 360°  1.815081 0.165 x 10°
L0165 12042 171 223 271.2° 0.913874 0.327 x 10°
2030 1732 246 358 168.9° 0.709106  0.421 x 10°
L060 (2449 349 520 116.3° 0,5049496  0.592 x 10°
.115 .3391 483 680 88,9° 0.3398667  0.879 x 10°
.215 .4637 660 1015 59.6° 0.2766856 1,080 x 10°
232 .5657 805 1270 47.6° 0,21087407 _1.417 x 10°
1.357 1.1649 1658 1270 47.6° 0.046953 6.362 x 10°

Opened well @ 22:05:30 PM on 7-29-80.

Closed well @ 6:40:00 AM on 7-31-80.

Total flow time was 1954.5 minutes or 1.357 days.

Total water production was 10,604 bbls, of water.

Rates increased from 6998.4 BWPD to 8459,6 BWPD.
(7758 Bbls/Ac,.Ft.)(,26)/(1.0455) = 1929 Bbls/Ac.Ft.
(1658)2x/(43,560) = 198.3 Acres
(198.3)(168/1270) = 26.2 Acres Explored (Effective flow area)
(26,2 Ac.)(91 Ft.)(1929 Bbls./Ac.Ft) = 4,599,122 Bbls. of water.
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Erratic fluctuation of pressure in the separator created gas-meter1ng
accuracy problems. After an additional twelve hours of attempting to

_achieve stable separator operation, the choke was adgusted by steps
“to reduce the brine flow rate from 15,134 BWPD at 2300 on July 31 to

9821 BWPD at 0200 on "August 1, 1980, Before reducing the flow rate,
the separator and wellhead pressures were both 600 psi. When the brine
‘rate was reduced to 9821 BWPD with separator pressure at 600 psi, well-
head pressure 1ncreased to 3527 ps1.

,‘ The third test was then cont1nued 14 more hours unt11 1545 on August 1,

1980. During the 14 hours, no further changes were made in the choke
setting or the separator pressure. The flow rate increased slightly
to 10,065 BWPD, and the wellhead pressure increased to 3669 psi. The
well produced 13 722.4 barrels of water during this flow period of about

- 28 hours and 35 minutes.

The sand detector output - durlng the maJor1ty of the 15 ,000 BWPD flow was

" several times higher than in the second test. When the flow rate was re-

duced to 10,000 BWPD, the sand detector output returned to that of the
second test. This sand production appears to reflect continued opening
and cleaning of perforations. Although complete pressure buildup was not
achieved at the start of flow, the production rate was higher than in

‘previous flow tests, and the total sand production was almost as great

as the sum of the two previous tests. The final flowing wellhead pressure
was more than 300 p51 higher than at the end of the second flow test, and

lxt was still 1ncreas1ng.

The well remained shut-ln until 1521 on Auéuéi;ZAd Reservoir Data, Inc.
brought out a new conductor cable and started to return the pressure gauge
into the well bore at 0800 on Angust 2, 1980, The pressure unit reached

datum at 1000 but failed to get a return s;gnal from the bottom hole element

to the surface readout, RDI pulled. ‘the pressure . unit out of the well and
found the gauge in order, but could not get contact through the conductor
cable. When the cable was examined at the shop, it was found to have a
broken conductor line gbout 600 feet from the end of cable. A decision

was made to conduct the rema1n1ng ‘flow test without a pressure unit in the .

well bore. Sufficient data was available from surface Panex pressures
recorded to evaluate the reservoir configuration and the well productivity
without the down hole pressure unit. The correlation of surface pressure

to exact bottom-hole pressure is not accurate because of well bore tempera- .

ture changes, friction losses, and fluid phase changes in the well bore.

The sand production would also have created a hazard with the wireline in
the tubing. It‘'was decided to monitor only surface pressure, since suf-
ficient data had been obtained from the f1rst two flow tests _to prepare

a reservozr eng1neer1ng analys1s. >'

12,4 Fourth Flow Test

_The fourth flbﬁ test started at 1521 on August 2nd with a surface pressure

of 6430.05 psia at the wellhead. The well was opened to a production rate
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of 6993.6 BWPD, This test was conducted to gather additional water and
gas production data for evaluating gas/water production ratios. The
production rate was maintained between 6400 and 7027 BWPD until about
2130 on August 3 (approximately 30 hours), when it was increased to
11,500 BWPD, The flowing tubing pressure was 4905.69 psia prior to this
last rate increase. The high production rate was maintained for'3 hours
with a flowing wellhead pressure of approximately 3153.68 psia, The well
"was shut in at 0030 hours on August 4th. The final shut—=in surface pres-
sure had increased to 6351.15 psia by 1130 on August &4, 1980, when the
Panex pressure equipment was removed. N

During the 30 hours of flow at slightly below 7000 BWD, separator pressure

was varied and held at values of 540, 400, 700 and 450 psia successively.
The purpose of these controlled changes in separator pressure was to in-
vestigate the effect on natural gas recovery from the produced reservoir
brine. .

The production rate increase to about 11,500 BWPD was intended to continue

the separator efficiency study with a reduced separator fluid retainer
time and to determine whether a small dump valve seat, plus revised dump
valve controller, could provide a stable high rate separator operation.
Separator pressure tests were conducted at 460 psig and at 600 psig with
a greater uniform pressure operation. The test operation had to be
terminated because of increasing pressures in the flow through the sand
filters. This test showed that increased separator pressures would be
required to continue the 11,500 barrel per day flow rate.

Throughout the fourth flow test & minor amount of sand flow was detected,
with an indicator marking just gbove the base line of the plot. Sand
indicator readings did not increase significantly when the flow rate
was increased from 7,000 to 11,500 barrels of formation brine per day.

- The rapid buildup in pressure across the filters probably was from wash-
ing of sand accumulated in the separator and/or surface flow line into
the filters because of the turbulence created by the higher flow rate.

‘12,5 Hornexr-Type Buildup Analysis

Figure No. 12-14 is the Horner-type buildup plot using the pseudo-time
of log (t+At)/(At) versus pressure buildup. The flow time used in ~
‘this pseudo-time calculation is 1,0098 days or 1454.112 minutes. The
Hewlett-Packard pressure element was left in the well after the first
flow test period for 2.1354 days or 3075 minutes. The pressure element
was then removed to allow bottom hole sampling while the well was still
shut in.
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‘ The pressure element was returned to we11 bore datum on July 29 The final
- buildup pressure measured 13,111.21 psia after 6.097 days of shut-ln time. :
" The" ‘final buildup ‘slope ‘using the pseudo-time:plot was 1030 psi’'per cycle

or somewhat ‘less than:the 1100 psi per cycle:depicted on the final portion
“of the precedlng drawdown plot. :The extrapolated P* pressure was 13,175
" "psia, which is approximately 33 psi higher than ‘the originally measured
pressure of ‘13,142 psia-at 'the same-depth datum. The high value extra-
polation would indicate another reason for-using caution  in' reservoir
interpretation by the type of pseudo-time graphical extrapolatioms.
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Prior flow time has a major effect upon the shape of the buildup plot
whether pressure is plotted'égaxﬁst the logarithm of shut~in time or
the logarithm of the Hornmer pseudo~time plot. Figures 12-1 and 12-2
depict the pressure bu11dup plot sloping to the right at around 0.5
days. The prior flow time was 1.0098 days. The pseudo-time plot of
1.0098 plus 0.5, divided by 0.5 days, is equal to 3.0196. The pseudo-

‘time graph does not depict. this reduction in buildup slope between the

pseudo-time of 3.0196 and 1.166, which is equivalent to shut-in time
of 0.5 days and 6, 097 days respectzvely.

The extrapolat1on of 1030 psi per cycle, Figure 12-14 through the pres-
sure measured after 6.097 days of shut-in time (1.66 Horner pseudo~
time) was very smooth. .The intercept of this extrapolation to the .
pseudo~time of 1 was 13,175 psia. This extrapolation is 33 psi higher
than original pressure of 13,141.67 psia measured at this well depth.
This may be as close to or1g1na1 pressure as can be expected using thls
method.

Additional comments on use of the Horner-type buildup plot were presented
at the May 28, 1980, meeting of the DOE/Industry Geopressured-Geothermal
Resource Development Working Group Meeting in Houston, Texas. This
paper, entitled, "Effect of Well Bore Temperature on Surface and Bottom °
Hole Pressure,” by J. D. Clark, is found on pages 27 through 35 and
Figures 65 through 75 of the minutes of this meeting, published by C. K.
GeoEnergy Corporation, dated July 18,:1980. This paper presents dis-—
cussion of the theory, with examples from the test conducted on the DOE/
GC Pleasant Bayou No. 2 Well, Chocolate Bayou Area, Texas.

12.6 PROPERTIES OF PRODUCED FLUIDS

12.6.1 Overview of Raw Data

12,6.1.1 The Test Sequence: The following is a chronological description
of production testing activities and events that provide background for
detailed discussions of data obtained and of data interpretation in sub=-
sequent sections.

e 7/21/80: RDI performed temperature and pressure gradient measure-
ments in the production: well bore. .

e 7/22/80: 0730 hours (approx.) Started :|.n1t1a1 flow test : after .suc-
cessfully recording bottomhole and wellhead pressure for 1-1/4 hours. 4n
acceptable flow rate was: achieved in a few minutes. No adjustments of

--chokes or separator operating conditions were made during this first 24—

hour drawdown test. This constraint was observed. to maximize quality
of data-for defining reservoir properties. : ,
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® “;7/23/80'“ 0745 hours (approx.) Well‘was‘shut ‘in ‘for buildup data:
- recording. Bottomhole and Wellhead pressure were contlnuously recorded
'fifor the entzre 244hour per1od g SRR : :

e 7/24/80 and 7/25/80" Both bottomhole and wellhead ‘pressure were |
continuously recorded for this 48-hour period. Surface hardware was
‘inspected for scale formation ‘at ‘points where ‘the hardware had operated -
at wellhead pressure, at ‘separator pressure before gas separation, and
“at dzsposal well pressure after: ‘gas separation.” ‘No indications of
“‘gcale‘or ‘produced solids were found. ‘Because inhibitor had not been
- injected ‘during the first 24~hour drawdown test, lack of scale after
‘" producing ‘about ‘4000 barrels of reservoir brine led to the decision
“ that 1nh1b1tor would not be needed 1n subsequent testlng.

- 7/26/80 and 7/27/80" Recordlng of bottomhole and wellhead pressure
‘\ was term1nated ‘at ‘1400 hours on- 7/26/80 so that the bottomhole pressure
" “gauge ‘could be ‘removed from ‘the well to permit ‘bottomhole sampling during
“daylight hours.: Attempts ‘to operate the Cearhart-Owen bottomhole sampler
with the RDI wireline were unsuccessful because of problems with the"
lubricator and grease injection equipment.

e © 7/28/80: After Gearhart-Owen: wireline and lubricator equipment had
fbeen rigged ‘up, ‘two-bottomhole sample runs were ‘made.  Samples were ob—
tained on both ‘runs. -However both samples were obtained at unknown depths -
due to internal failure in the sampler -and ‘development of an electrical

- short ‘before -the electrical sxgnal to: actlvate the sampler was trans-
‘-mltted from the surface.~ SRR A SRR e

Te 7/29/80' After RDI w1re11ne and 1ubr1cator equlpment had been rigged
“‘up, the bottomhole pressure ‘gauge was run into ‘the well, and successful
‘recording of Hewlett<Packard bottomhole pressures plus Panex wellhead
pressures- began at 1600 hours. The second drawdown test started at about
2200 hours. Since deducing reservoir parameters was the primary objective
- of this second drawdown test, no adjustments to the choke or separator =
‘=foperat1ng conditions ‘were:made after achlevlng an acceptable flow rate
”1n a: few mlnutes.»w« *‘h-t‘~57 o Bt , L

s»?The second drawdown test contxnued for 2 fu11 24 hours on thzs date w1th

no adjustments of the choke ‘or separator opérating conditions. At about
0420 hours both the bottomhole and wellhead pressures became erratic, with

. ‘characteristics suggestive of the opening.of additional perforations due

““to‘drawdown. However ‘this-omset. of erratic’ ‘pressure behavior was not
accompanzed by change in the low level of sand ‘production that had been
observed since- ‘the gtart of ‘the second drawdown. Indeed  the ‘continuing
low level of sand production to the surface stopped at about 1400 hours
and then resumed at about 2000 hcurs.

C
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-7/31/80: 0645 hours (approx.) The second drawdown test was terminated
- for removal of the bottomhole pressure bomb to permit higher flow rate
testing. The signal from the Hewlett-Packard bottomhole pressure gauge
was lost when movement started. On removal of the instrument from the
hole,; the bottom three sinker bars were found to be missing. )

& - 7/31/80: 1115 to 2400 hours. After the bottomhole pressure gauge

had been removed at 1115 hours, the choke was opened in-steps and the flow:
carefully monitored for excessive sand production. Wellhead pressure had
been reduced to about 500 psi by 1300 hours, with a flow rate.in excess of -
15,000 barrels/day. The production rate was limited by the required sepa—
rator pressure plus friction drop in the production:tubing for ‘the remainder
of this calendar day. Wellhead,pressure -and brine productlon rate remained
fairly constant. .However, large oscillations in separator operating condi~
‘tions .and disposal wellhead pressure severely compromised measurement of gas

- -production. . .Sand detector output remained fairly constant at about five
times the amplitude observed during the second.drawdown .test. By 2400 hours
two of the 50-micron filters had caught sufficient sand to be operatxng near
their rated differential pressure 11m1t of 50 psi.

9 8/1/80: Between 0000 and 0200 hours, the adjustable wellhead choke
opening was reduced in steps in search of a production rate that would
_permit both 1) .stable separator .operation.and 2) reduced differential
pressure buildup on filters due to sand production. Stable separator
operation was achieved at a brine rate of about 9500 barrels/day. Sand
production dropped to a level equivalent to that of the second drawdown
test. However, filter differential pressure continued to increase, and

- the well was shut in at 1600 hours to change filters. Also, since flow-

ing wellhead pressure was higher than that for a lower brine rate during

the second drawdown test, additional bottomhole data collection was deemed
de51rab1e. :

* 8/2/80: 1530 hours (approx.) After failure to obtain proper operation
‘of the lubricator grease injection system and Hewlett-Packard bottomhole
pressure gauge, production testing was resumed without bottomhole pres-
sure data collection. Sand detector output at a flow rate of about 6700
" barrels/day was slightly higher than observed during the second drawdown
test at rates between 7000 and 8000 barrels/day. e

'@ 8/3/80: Production continued for the entire 24 hours on this date.
The separator was operated at three different pressures while maintain-
.ing a constant flow rate to provide additional data on the separator
‘pressure-dependence of gas remaining in brine to the disposal well.

Eaton Industries of Houston, Inc. !

DOE CONTRACT NO. Eaton Operating Co., Inc.
DF ACO8-80ET-27081 3100 Edloe
" Houston, Texas 77027
{713) 627-9764

r—

r

B “m_\}



. T
“(:

r— e

= T r—

s

|

r—

.

— -

.. -Between -1830 and 1930 hours . separator output instrumentation was bypassed
- without chang1ng the product1on rate to permit changing of the separator o
- dump . valve . and control.  After. ‘again ach1ev1ng stable separator operation
QJW1thout.chang1ng the productlon rate, the  choke was opened in steps be- .
tween 2130 and 2230 hours to increase the production rate to about 11,000
barrels/day. This was done to determine whether stable separator opera-
 tion could be achieved at a high rate with a smaller (2 in. versus 3 in.)
.. dump valve and a less semsitive control sensor, Stable operation was
‘;achleved, but: the reason is . not clear because scale buildup was. observed
~.in:the. seat of the dump valve that had been removed Variation of separator
_pressure at this. 1ncreased flow. rate was 1ntended to provide additional
data regarding the effect of separator residence txme and pressure build-
‘up on eff1c1ency of gas recovery. However, rapid buildup of differential
pressure on the filters.resulted.in term;nat1on of the test at 0030 hours -
.on- 8/4/80 _Substantial amounts of sand found .in the separator and sur-
‘;‘face plumb1ng on: subsequent dlsassembly, plus m1n1ma1 sand detector read-
ings, suggest that the. filter pressure. buxldup was caused by washxng of
.sand from surface hardware onto the filters as a result of the 1ncrease
in production rate to about. 11,000 barrels/day.

12.6.1.2 deted Raw Data:  Raw data collected by IGT, RDI and Weatherly
,;Eng1neer1ng has- been combined: into a single data set that prov1des a basis '
... for 1nterpretat1on by. IGT. . Thls comb1n1ng process involved engineering
~_Judgements regardlng which sensors. provlded information most likely to be
8. true representatzon of produc1ng character1st1cs at each instant, IGT
-examined the totality.of all data collected by.the several subcontractors
and edited the. data to make the most reallstlc 1nterpretat1on of actual
well performance. Y : : ‘ :

S A small fractlon (less than SZ) of raw data has been hand—ed1ted to make
it .more representatlve of ‘true well performance than as indicated by omsite
recordings from sensors. Examples of instances where thls has occurred
are d1scussed below.

e Separator Upsets

_;;A few separator upsets occurred, accompanxed by brlne flow through the
. orifice meter. I1f wellhead pressure was constant ‘and if productxon-
related.data were the ‘same before and after the. upset, raw data were
;1ed1ted to the values that would have occurred 1n the absence of the -
upset. - s il ;

Separator Dump Valve and Control ﬁensor RePlacement

V,MWhan the separator dump valve and control sensor were replaced on the .
\levenlng of. 8/3/80 both'brine and gas fIOW'lnstrumentatlon Were bypassed

A S D
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irhead behavior durzng thxs time 1nterval

" Theé ‘combined and edited data set used to define fluid production and
‘properties is included in its entirety as Appendix F. Plots of edlted
“data are presented in Figures 12-15 through 12-20, (2-part figures).

by producing to the pit. However the wellhead pressure, which reflected

" a large friction drop, did not change during this hour. Therefore,; raw

data were hand-edited to reflect the values of gas and brine production

g thet wouldrhave been tecordedﬂ;n the “absence of bypassing instrumentation.

e Bottomhole Pressure Gauge Removal

All wellhead pressure gensors were disconnected at various times between

0700 and 1300 hours on 7/31/80 in the course of removing the: bottomhole
, ptessure gauge from the well ‘and tesumlng productzon. Manual editing of

data was performed to provxde a semi-quantitative estimate of actual well-

L]

data reflected in each column of Append1x F and in the fxgures are as

" follows:

. Wellhead Pressure (F1gure 12-15)

Values recorded prior to 0945 hours on 7/31/80 are from the RDI-surface

,'fPanex gauge. Between 0945 and 1300 hours on that date, values shown are
. .a combination of values recorded by IGT, RDI, and Weatherly Engineering
‘judged most representative of actual wellhead pressures. Most of the

values shown after 1300 hours on' 7/31/80 are values recorded by IGT.

‘The exceptions are a small portion of the buildup on the afternoon of

8/1/80 and several hours during the morning of 8/3/80., Values during
these intervals have been hand-edited to provide continuity over gaps
in IGT recording using data from RDI or Weatherly Engineering with a
small adjustment to reflect the smooth nature of actual wellhead pres-
sure response. '

e Separator Static Pressure and Disposal Wellhead Pressure (Figure 12-16)

Most of these data were recorded by IGT. The only notable exceptions oc-
curred on 8/3/80, when the IGT disposal wellhead pressure sensor was in-
operative from 0500 to 1400 hours, and Weatherly data were used to fill
the data gap. Secondly, hand-editing was used to provide estimated
values for both of these pressures during the flow to the pit to change
the dump valve and its control between 1830 and 1930 hours. ,

e Orifice Differential Pressdre'(Figure 12-17)
All values shown were recorded by IGT. The only hand-ed1t1ng was inser-
tion of estimated values between 1830 and 1930 hours on 8/3/80, plus

hand-editing of a few individual data points that were artificially high
due to brine flow through the orifice meter during separator upsets.

Eaton Industries of Houston, Inc.
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® Gas Temperature (Flgure 12-18)

All values shown were recorded by IGT " The only hand~editing was at the :
same 1ntervals as those £or or1f1ce differential pressure.

oy

o Brzne Temperature (Fzgure 12-19)

The ma;orxty of values for br1ne temperature are the result of hand-
editing of data. "This editing consisted of IGT recordings of brine
temperature or gas temperature to obtain tabulated values consistent
w1th the average of thermometer readzngs logged by Weatherly.

. Brzne Flow Rate (Flgure 12-20)

Values shown- are based upon Weatherly tabulatlons.» -The only ad;ustments
are occasional additions to reflect estimated flow to the pit during
times when the turbine meter was bypassed and the l-hour interval between
1830 and 1930 hours on 8/3/80 These adjustments were small.

The small number of. tabulated and plotted data polnts for the first draw-
: down ' test. reflects the. lack of an operable. d1g1ta1 record1ng system during
T . . that test. A l-hour time interval was selected to minimize the scatter
*  in calculated gas/water ratios due to variation in actual time of manually
. recording cumulative brine production. The tabulated and plotted values
for parameters relevant to calculating the gas/water ratio reflect manually
der1ved txme averages over the same hours as the brine readLngs.

12.6}2 Characteristics_of'Produeed Gas

Analyses of samples from two sources provided definitive data on charac-
terxst1cs of produoed gas. These sources are the following:

e On ‘the . flare 11ne between the or1f1ce meter ‘and’ backrpressure ‘controller.

(] Gas flashed from br1ne samples collected at the 1n1et to the brine
meterzng skzd.

r—

Details of collect1on and analyses for these samples are provrded in Sec-
tions 12:6.2.1 and 12.6:2.2. Additional gas samples from upstream of the
large choke manifold and:from downhole sampling are dlscussed in Sec-
tlons 12.6.3. 3 and 12.6. 4 : ; :

| .

N
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12.6.2.1 Flare Line Gas Sampling: Flare gas samples were collected from

a sampling point between the orifice meter and the back-pressure con-
troller. Thus all samples were collected at separator pressure. ' Gas
temperature at this point was. generalIx 109 to 15° ‘lpower than brine
temperature in the separator. - .This dlffexence is apparently due to
cooling of -the line.between the separator and- the orifice’ meter by
rad1at10n and conductive transfer to atmospheric &ir., .

The procedure for collectmng gas samples was as follows:

e Connect the sample bomb to the sampling pomt with the inlet to the
sanple bomb vertically sbove the outlet. .

e Open all valves and allow gas to flow through the sample bomb for at
least 60 seconds and until the sample bomb is hot to the touch.

e Close the outlet valve to the sample bomb.
@ Close the inlet valve to the sample bomb.
e Disconnect the sample container.

e After cooling, analyze the sample using the onsite gas chromatograph
or the mass spectrometer in IGT's Chicago laboratories.

All samples for transport to IGT's laboratories were collected in Teflon-
lined sample vessels. The times of collection of flare gds samples, for
which analysis is reported herein, are shown in relation to brine produc-
tion rate and separator pressure in Figure 12-21. Results of field gas
chromatograph plus Draeger apparatus analyses for HyS are presented in
Figure 12-22. Five of the samples returned to IGT's Chicago laboratory
were analyzed by mass spectrometry. Results of these analyses are shown
in Figure 12-23.

It should be noted that the recorded second significant digit after the
decimal point in Figure 12-23 is questionable. IGT normally rounds off
such results to the nearest 0.1%. Nevertheless, the additional figure
is reported because of the posslb111ty that small changes in apparent
concentrations of paraffin series hydrocarbons, as well as benzine, .

may be of significance to DOE's geopressure—geothermal program.

Mass spectrometry analyses were not performed on additional gas samples
collected between 7/29/80 and 8/3/80 due to the lack of correlation of
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Conceﬁttaéionj ﬁolé~§eréeht

Sample Date

’and‘Time'~r ‘fﬂethéne ' ;E&hinez~' Propane n -Butane Isobutane Pentanes Dioxide -Nitrogen

22-Ju1' 80 3

' f<:o~;1

"3iAug: 80
2&30

¥ Aug 80
2320

& Aug: 80
0030

Lk Sample also analyzed £or*hydrogen sulfide with a. Draeger apparatus

20ppm-v

o 0.1 :
%6..1 -
'<':’0..,1 '

: <0.1 E

‘01
 iQ3é§?Ii_v1
<01
e :

a0

Carbon

5.9

6.
6.4° "
6.7,

‘ _6;6

T

6.3
5.2
6.3

3.8
‘5.5

6.2

5.2

0.2

0.1

0.2

0.2

0.1
0.3
0.1

0.2

<0.1

0.1

0.1

0.2

0.2

st'-,

Sample also analyzed for hydrogen sulfide, ammonia and ‘mercury with a Draeger

ayparatus- st = 2‘5 ppm, NH3 <1 ppm, Hg < 0 01 mg/m3.

i’Aecuracy of this analysis is questionable due to electronic problems during ;“f

on-line 1ntegration of the gas chromatograph Output.bmvl
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" FIGURE 12-23 Concentrations of Components of Flare Line. Gas by Mass Spectrometric

r— U~ (h NN

Analysis
Sample Date: 7-23-80  ~ _7-29-80 __ 8-3-80 ~_8-3-80. - 8-4-80"
V'Iiime:v 00 PM | 11sS EM 115:55’»1 11:20PM  12:20 KX .
Date of Analyses ~  8-4-80  8-4-80.  8-15-80  8-15-80'  8-15-80
Methane 91.5 % 91.6%  91.9%  92.2%  92.7% |..
Ethane 1 1.8 1.93 1.87 1.91
7 Eropia_x}ejj_l_;v_’ | | 0..30° . 031. C0:33 , 0._3& - u
n-Butane : 0.06 o;ba ©0.05 0.05 f
{-Butane o | o 12 0.10 0.09 0.10 0.10 b
Pentanes . 6.00 0.00: 0:02. 0.01 001
‘Hexines o 0300 0.00 0.00. 0.00 \:
uep:an’e‘s;"‘ - 0.00 0.00 0.00 ©0.00: . 0.00
Octanes © 0.00 0.00 0.00 0.00: 0.00 L
Argon ' 0,00 0.00 0.00 0.00 0.00 . -
Oxygen © 0,00 0.00 0.00 0.00 0.00 L
Benzene+ 0.01 0.02 0.02 0.01 0.01 .
Nitrogen 0.20 0.12 0.21 0.22 0.17 L
Helium . 0.01 0.01 0.01 0.01 0.01.
€0z 6.0 6.0 5.5 5.2 4.7 L

* mhe;seeoﬁ3{s13hi£ieant digit after the:decimal point is questionable. = IGT
normally reports such analyses rounded to the nearest 0.1Z. However the
additional digit is included here due to possible significance.

+ May be: residual solvent from cleaning of the Teflon line cylinders.
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the observed small changes in chemical composition with either reservoir
pressure, brine production rate, separator pressure, or length of time

interval between sample collection and analysis.

r:12r6 2”2'”caé'fiaghé&'frdﬁ Brine'tofthelDispossl Wéii.” Brine ssmples were
.- .‘collected at separator pressure from a sampling point on the brine meter-
: 1ng sk1d The sample collectxon and flashxng procedure was as follows.f

. Connect a 500 cc ssmple vessel to the ssmpllng poxnt w1th the outlet*
" end of the vessel above ‘the inlet end., -

'xbli Open valves flowing ‘brine through the sample vessel for at least 60

seconds and unt11 the vessel is hot to the touch

’.f Close the sample vessel outlet vslve.
e CIose ‘the ssmple vessel 1nlet valve.

® Disconnect. the sample vessel from the sampl1ng poxnt and immerse 1t
~in water unt;l it is cooled to field laboratory ambient temperature of

sbout. 25 C. Cooling by water immersion provided the advantage that any

i’sample vessels-exhibiting leakage by bubble formation could be reJected

e After coolrng, connect the sample vesgel to a 500 cc syringe with
,:less than 5 cc of alr-fxlled dead volume 1n connectxng tubing, fxttzngs,

o Open the sample vessel to allow gas flashed from brine in’ the pres-'5'

sure vessels to move vertlcally into the large syrznge..w

. After quantltstlve determ1nation of the amount of gas enterxng the

. syringe at atmospheric pressure, inject gas from the ‘syringe into the

gas chromatograph for: anslyszs.a; e

The. gss/water ratio deduced from flashxng and the results of the gas
chromatograph analyses of flashed. .gas “_from post-separstor brine ‘are re-

" ported in Fxgure 12=24.,: Times of collection of each of these samples

are indicated in relatzon to separator pressure br1ne product1on rate
and separator pressure 1n Fzgure 12-21 s

Comparison of the data presented in Figure . 12-24 .shows that .the chem1ca1'.

composition of gas remaining in solution at separator pressure differs
substsntrslly from that of flare line gas. The most notable difference

~ is that the mole percent of carbon dioxide in gas flashed from separator
brine is nearly three txmes,that observed in flare gas. In contrast,

Eaton Industries of Houston, inc.
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From Post Separator Brine (Field Analysis)

Concentration, mole percent

FIGURE 12-24 Concentrations of Gas Components and Gas-Brine Ratios of Gas Flashed

as/Brine C‘aib oxi

Sample Date G 3) @
v and Time. - fe3/ bbl) Methane Eth““e lz;mn_e uﬂt_a_tﬁ _lsobutane Pentanes Dioxide = Nitrogen
23 Jul 80(1) 131 s . RSP MO e
1230Y’ e 84 101' ‘.L.lo9 015 - .,’0].‘” o .02 02 - 113,42 1 0.46
29 July 80 1.35 PR ; : : SO SR
2330Y>7 | i 35 80.1 1.5 0.13 7<°f1 <0.1 <0,; 17.4 0.9
30 July 80(2) 1. 0 1.5 o o -
ISOOY (2) 1.5 88.0 1.5 0.17 +<0,1 <0,1 <0.1 9.8 0.6
31 July 80 _B1.6 . : ‘1 _
i RETAST BBl 0 <0 16.0% 0.8
31 July 80 3.2 4 o1 . - : B
17§0y 0 3..20 83.3 1.4 0.14 <0.1 <0.1 <0.1 14.6 0.6
1 Aug 80 4.27 , 1 SR
| 09%0’ 27 k84 b 1.3 0.14 <0.1 <0.1 <0.1 14.3 <0.1
1 Aug 80 4.27 83.9 1.4 <0.1 1 < PV
1111 i T hce 0.1 <0.1 <0.1 .4 0.1
1 Aug 80 3.73:(5) 83.3 1.5 0.14 <0.1° <0.1 <0.1 160 1.0
1220 i 7 -+ L.
2 Aug 80 4.16  80.6. 1.4 = o0.15 <0.1 <0.1 <0.1 17.8 0.1
1730 ‘ e R
3 Aug 80 2.91 82.4. 1,4 0.16 <0.1 <0.1 <0.1 15.9 0.1
0900 ‘ : . .
3 Aug 80 4.79 81.7 1.4 0.1 <0.1 <0.1 <0.1 16.7 0.1
1425 i . .
3 Aug 80 3.20 81.5 1.2 0.16 <0.1 <0.1 <0.1 17.0 0.1
2125 : .
(1) The July 23, 1980 1230 hour analysis is for a duplicate sample flashed in
" IGT's Chicago Laboratory and analyzed with the mass spectrometer. This
is due to problems with the field analysis of the first sample.
(2) No duplicate sample was available to double check this field analysis of
a July 30, 1980 1500 hour sample.
(3) The second significant digit after the decimal point for propane is

questionable. It is reported only to provide more realistic indicatiomns
of differences than those: provided by rounded numbers.

(4 Ny concentrations are not significant due to air contamination of the

C5) Leakage may have occurred during 24 hours between collection and flashiung.

I N s T

sample and the normalization to an oxygen free basis.
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, the ratios of ethane and propane to methane are significantly less in gas
‘flashedffrom separator brine than in flare Iine gas.

,F1gure 12-25 shows the relatxonshxp between separator pressure and gas
" content of brine leaving the separator.' Both total gas content and methane
. .content are shown. Also shown is methane solub111ty in brine calculated -
.- from the algorithm for methane solubility in d;stxlleg water developed by
. ‘Dr. §. K. Garg of Systems Science and Software (SSS).° Methane solubility
' at separator conditions was also calculated using the equation published

. for higher pressures by Dr. Blount.l. Values are too high to be shown on

the scale of Figure 12-25; they range from 8.09 SCF/STB at 250. psia to
13.45-SCF/STB at 700 psia. These values were calculated using a brine
temperature of 240°F, This is within 10° of the actual brine temperature
- at sample collection time for all reported. analyses, except for the samples
. collected at sbout 250 psi on 7/23/80 and 7/29/80, when temperature was
'substant1a11y lower. Since the algorithm developed by 8SS calculated gas
~ contents close to the measured total dry gas content (including C02) ob-

- - served from flashing brine samples ‘collected at a temperature near 240°F,

. the algorxthm has been adopted for-estlmatxng brine content of gas remaln-
1ng in dzsposal well br;ne.- , : o

12 6. 2. 3 Gas Samples by Third Eattles. Several partxes other than IGT. :
; collected and' analyzed gas samples. Representatxves of the follow1ng orgd- -
n1zat1ons collected their own samples on locatxon. Lo

Weatherly Laboratorxes‘,
oft MbNeese State Unxversxty = Lake Charles, La. ’
;ff U. S Geologxcal Survey - Menlo Park, Calif.
) U s Geologzcal Survey NSTL Statxon, Miss,

In additzon, IGT provided samples for carbon isotope analysis to Dr. Dennis
Coleman ‘of the Illinois State Geological Survey. Other organizations to
wvhom invitations were extended included the University of Texas at Austln,,,
Lawrence Berkeley ‘Laboratory, Louisiana State Un1versxty and, th:ough LSU,
the Louxsxana State Geologxcal Survey. “ e

A combzned sample log show;ng times of sample collectlon, locatlou and
type of samples collected, tests performed on location, and tests intended
© .. to be performed off-location, is presented as Appendix L in Volume II. The
' following 1ufbrmat1on has been reported to IGT by partzes that have analyzed
-gas". samples.r ‘£

S e Ly = e et F e b - 3

Eaton Industries of Houston, Inc.

DOE CONTRACT NO. : Eaton Operating Co., inc.
DE-ACO8-80ET-27081 , 3100 Edloe

Houston, Texas 77027
{7131 627-9764




AN

. 6r e N
: L 4+ Sclence System & Software Algorlth _ o +
_ Csalinity 8%, temp 240 F, density 62. 4 lb/f't3) : ‘
- 5 g Total Gas Flashed Froem Brine I +
c A Methane Content Of Gas Flashed From Brlne L R
- ‘ PR ‘
_ + '

@ 4 o ¥ |

5| o ‘
o 0 ' Pa%a¥
o . i +

g | g+ oo

o +£] o
) a . zyA
. 2 + o ab
@ +

“ac’; 2t

Z +
. ‘ *ooy

i b + AA

(o]
T +
z o .
r e : . i s 1 . Lo s IR A S - NESELSTRES | ‘ N d
o 0 {20 200 300 400 500 = 600 700 800
@ | R SEPARATOR PRESSURE, psia J
<

FIGURE 12~25, Separator Pressure Versus Gas Content: Post—Separator Brine

- . o e -



Radmaet:.v:.ty Analyées' USGS- Gulf Coast: HydroSc:.ence Center (Thomas F.
Kraemer and George Claypool) . N

QAnalyt:.cal results were prov:.ded to IGT in & letter dated October 16, 1980,
- from Mr. Thomas F;: Kraemer,. Gas analyses reported in the letter are - :
: ~?igpresented 1n FJ.gure 12-26. e e ; . N
= ;Radioact:w:.ty analyses were performed by Mr. Kraemer. The reported gas
- analysis--and -carbon Lsotope data are from Mr.. George Claypool, UsGs,
- Denver, Colorado. S ERT o .

; ; FIGURE 12-26 :
o :GAS COMPOSITION AND CARBON ISOTOPE DATA REPOMED
BY USGS GULF COAST. HYDROSCIENCE CENTER ’
\ (Date' 8/1 Time: 1530 hours)

N R O eI 0'14 S

.- Ethane . il e aao s 2,07
.'t:-rPropane SR S s S T S S R 037
t quobutane DR T ¢ B )
,e.vN-butane-. S T R LoD IR S e 0403
o Isopentane (U R RS SR
U mmememe L e
613C(methaiie) S o -42 5* (per milo)

972

5 ;‘.‘C]_[C]_‘-Cs(z)

o * Th:.s :.s a fa:l.rly typzcal value for gas wells m the area at about the
same depth. e . - .
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e  Carbon Isotope Ratio Analysis: Illinois State Geological Survey
(Dr. Dennis Coleman) ‘

A portion of the gas sample collected by IGT at 1135 hours on August 3,
1980, was sent to Dr. Coleman for carbon isotope ratio analysis. His
result for 6C13 is -42.7, very close to the value reported by Dr. Claypool
of USGS. The 8C13 value is the difference between the c13/¢12 jsotope :
ratios obtained for the samples and for an international standard. Dr,
Coleman stated that thermogenic gas usually ranged from =40 to -55 scl3
values, with more mature gases having more positive values (closer to -40).
The values for biogenic gases usually fall between -60 and =-100. Both

Dr. Coleman and Dr. Claypool stated that results from this relatively mature,
thermogenic gas were typical of others for gas wells from similar condi-
tions in the Gulf Coast area. .

e Recombination and Differential Liberation Experiments: Weatherly
Laboratories (Mr. John Neal)

Weatherly Laboratory, Inc. personnel collected several samples of
separator gas and brine between 1100 and 1500 hours on August 1, 1980. The
complete report from Weatherly Laboratories, Inc. is included as Appendix
H in Volume II. Some of the salient features of reported data are sum-
marized in the following paragraphs.

Samples were collected while the well was flowing at a rate of about 9500
barrels/day. Separator pressure at the time of sample collection was
approximately 590 psig, and separator brine temperature was 240°F. Samples
were collected only after separator operation had been stable for several
minutes.

In contrast to IGT's brine sampling on the fluid metering skid, Weatherly -
brine samples were collected from a tap on the main separator vessel. The
close agreement between the value of 4.3 SCF/bbl (of gas in separator
brine) measured by Weatherly and the values of 4.27, 4.27, and 3.73
measured by IGT on the same date enhances confidence in the validity of
‘both samples.

A gas/water ratio versus saturation pressure curve was developed by ex-
trapolating results from recombination experiments at several gas/water .
ratios, Extrapolation to the original reservoir conditions of 13,142 psia
at 274°F showed a solubility of 44.0 ft3 of water-free separator gas

(at 60°F and a pressure base of 15.025 psi) per barrel of brine (at 60°F
and a pressure of 1 atmosphere). Changing to the pressure base of 14.73
psi used by IGT for reporting gas production resulted in a solution gas-
brine ratio of 44.9 SCF/STB.

" Eaton Industries of Houston, Inc.
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Differential . lxberatzon from a- sample recombzned to. this solution gasl
‘brine ratio at initial reservoir temperature and. pressure was performed

. at pressure levels of 6000, 4500, 3000, 1500, and 15 ps1a. . Chromatograph
analyses of liberated gas were performed at each step in the sequence of
‘pressure reductions. These analyses showed that the percent carbon ,
dioxide increased dramatlcally from 1.56% on ‘the first step (13,142 to
6,000 psi) to 9.57% on the final step (1500 to 15 psia). 1In contrast,
the:fractlon of hydrocarbons heavier than methane decreased during the -
successive steps of gas liberation. ' For example,. for the first step
(13,142 to 6,000 psia), -the ratio of liberated ethane to liberated

- methane was 0 0290. - On the last step,. from 1500 to 15 psia, the ratio
of .ethane. to. methane in lzberated gas had drOpped ‘to 0.0147. . -

- 12.6.2.4 Selected Gas Composztxon fér Prcductxon Computat10ne" Chemical
.- composition of the gas is a required input to determining gas production
“tYate from orifice meter raw data (i.e., pressure, differential pressure,
and temperature). While some variations in gas composition were observed,
no correlation with variations in operating. conditions was found. There-
fore, the following compos:.tmn was selected as representative of produc~—
tion: and assumed constant in these computatxons..» .

£ ; d,Gas Component 7{"_ p Mole Percent
,,;,(Nx.trogen e e Sy 0.11
Carbon Dioxide - : , , : 5.88
... Methame.. . .o L. 91,720
o Ethane " ... 5';._ PRSI T F S B R 1 82’;~f Lo
ISObutane R . S it ' R ,;‘0.05 ISR
anutane pl e e e 0 00100
Pentanes 7 o - 0,02

iR 06+ sud il e B TNP TN R . 0_'00.

12.6. Bvrn;Produced Gas/Brxne Ratxo :fK>

: .-Three suhsect:.ons under tlu.s t:.tle prov:.de l) a deta:.led descr:.pt:.on of
: the field. data 1nterpretatron used to deduce the ratio of produced gas to
brine, 2) a comparison of the ratio with laboretory end publxshed data .
on gas solubility, and 3) attempted validation of gas-to-water ratio from i
flashing of brine samples collected upstream of the. separator. '

12.6.3.1 Gas-to-Brine Ratio From Product:.on Data. 'l'he follow:mg six~
-step :procedure was followed.in,computxng the produced: gas/brine ratio:

C
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1. Computing the gravity and heating value for the abovementioned

average gas composition, usxng methodology prescrxbed in ANSI/ASTM
D 3588-77 - These values are: ’

Dry gas heat1ng value 975.8
Dry gas gravity 0. 6265 o

2. Comput1ng gas productlon to the flare line using methodology

- prescribed in A.G.A. Gas Committee Measurement Report No. 3, One

departure was required, because gas temperature was higher tham in

"the tables fordeterm1n1ngsupercompress1b111ty (F pv = 1//z).. The

values of z used for interpretation were calculated for various -

separator pressures and temperatures, using a computer program develop-

ed by IGT for a,different project. The values used are:

Test Pressure, psig Temperature, Op Supercompressibility
1 250 : <180 1.0076

2 250 S 225 1.0080 -

3 460 ' 238 - 1.0096

3 590-612 L 230-240 1,0127

4 533 217 1.0127

4 396 215 1.0096

4 689 212 1.0169

4 457 217 - 1.0112

3. Reducing calculated gas production by an amount corresponding to
the ratio of partial pressure of water at orifice meter temperature
to absolute separator pressure. The greatest reduction was 9% and
occurred at the end of the second flow test when separator pressure
was 260 psia and orifice meter temperature was 230°F,

4, Reducing brine production as measured by the turbine meter to
account for the difference in brine volume between standard condi-
tions (60°F, 1 atm) and actual brine temperature and pressure in the
turbine meter. Thermal expansion of brine due to the high actual
temperature is much greater than the compressxon of brine due to
separator pressure.,. The largest correction, slightly over 5%, oc~-
curred during the evening of July 31 when brine temperature teached
257°F at a separator pressure of 415 psia.

5. Dividing the results of 3) by the results of 4) to deduce the
flared gas/brine ratio.

6. Adding the gas/brine ratios for the disposal well brine stream
and the flare line. The gas content of brine to the disposal well is
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estzmated'us1ng en algorithm developed by System Science and Software
' to’ fit the data of Culbertson and McKetta as previously discussed. .
The maximum addition for gas content of the disposal well brzne
stream was 4.86° SCFIbbl during the afternoon of August 3, when:
separator pressure was at the maximum value of slightly over 700
‘psia and brine temperature was 227°F. :

“This procedure ‘was performed on a mlcrocomputer using I-hour averaglng S
“of edited raw data. A complete- 11st1ng of 1nput raw data is provided in
Appendlx F .of Volume 2. Ome-hour averaging was selected because of varra-f

" tions in calculated brine rate due to the small varzat1ons in the time of

~hand logging of cumulative - brine production from turbine meter readouts.

. (These readouts dxsplay cumulative production. Brine rate is determined -
by subtracting successive readings and dividing by the time interval.)

‘The following procedure was followed to provide l-hour averages from the .
edxted Taw data values.>' ST PRI S . R
.. Linear. averages over: each hour were calculated for'gas temperature :
(or1f1ce meter) and br1ne temperature.- ,;,uv‘y«(;:,u.u S

@  Gas product1on rate. was calculated at the time of each line of. ed1ted _
“‘raw data. A~ llnear average ‘of these calculated values was then performed

55Jf over each hour.rp'"

j:o 'Brine rate was calculated from bourly manual readlngs and then’ corrected’;

to standard cond1t10ns using the linear averages of. turblne meter tempera=~
ture and pressure over that hour. : ,

anear averages of brlne temperature .and separator. pressure over each
hour ‘were’ used to calculate the ratxo of gas-to—brlne in br1ne to the
d1sposa1 well : R g

Da11y summarxes of prcductlon ‘are shown in Fzgure 12-27 Parts 1=5. These
~summaries 1nclude daily and cumulatlve production quant1t1es for both
‘natural gas and thermal energy in units of millions of Btu's, as well as
“hourly-values ‘of temperature,- brzne product1on, gas production, and pro—
duced‘gas/brxne ‘ratio. - - Natural gas energy is calculated by. mu1t1p1y1ng

‘ the ‘volume of gas productxon by the heating: value of the gas. Thermal

. energy productxon calculations are based on aspecific heat .of 1.0 Btu/

~1b for brine and a base temperature of 1209F. This base temperature is
hzgher than the value of 60°F used in the United States Geological Survey
estimates of the thermal energy resource base. ' A more comprehensive
~-listing of key parameters in. computatlous -of hourly values of produced ‘
gaslwater ratio and produced energy is provxded in- Appendzx I of Volume II. .

Note that Flgure 12-27 Parts 1-5 reports estlmated total gas productlon.i'
-~This consists of measured gas . from the flare line- Elus an -estimate of gaS'” -
l‘temalnlng in: solutlon an dlsposal we11 brlne. Deta11s are provxded in .

Appendlx I.
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FIGURE 12-27, Part 1

IGT WELL TEST ANALYSIS
R 222222323 S22 SRS

WAINOCO P.R.GIROUARD WELL NO.1
DATE: 7-22-86
GAS CUMPOSITION:

MITROGEN. .. ..o, .8811
CARBON DIOXIDE..... .. ... .@e58s
METHANE .. .. ............. . .3172
ETHANE ... oo 8182
PROPANE. & ... i, 8030
ISOBUTANE . - .. o .6@8S
n=-BUTANE . . ... ... i ... .em@
PENTANES . . oo oo .00z
Co+. oo i, . 3 .0088 -
CALCULATED GAS PROPERTIES:
DRY GRS HTG VAL... = 975.82
ORY GAS GRAVITY. ..= .6265

FRES BRSE=14.73; TEMP BASE=SOF
THERMAL ENERGY BRSE TEMP =126F

PRODUCTIGH SUMMARY :

------ GAS~==-==-- THERMAL

(MCF>  (MMETUL) <MMBTU)
DATLY 27.5  26.8 12.0
cum 27.5  2€.8 13.6

PRUDUCTION DETRILS:

TIME ---BRINE-=- - GRS~ -

DEGF STePD MCF/D SCF-ETE

el1oo - e. @.e .80
azea - g. g.e a.eao
a3va - a. 6.0 8.00
Bdan - 8. e.e 6.66
as5ag - e. a.o 8.e8
oeRod - 0. v.o 6.00
avea. - 8. 6.0 e.60
agea - é. g.a 8.0
0960 - 8. @.e v.680
16640 - 2. 6.0 €.
11a8 - e. 6.0 ©.80
1z2e0 - @. @.v @.60
13p0 - e. 6.0 @.60
1466 - e. 6. 8.68
1506 - e. 6.0 8.66
1660 - é. 6.0 .00
17a6 - e. @.0 o.88
1800 - e. @6.0 ©.66
1880 - Q. 6.6 6.o0v
26686 116 18865. 59.4 31.5%
2198 165 3571. 153.2 42.50
2266 18@ 3750. 156.86 406.08
2388 185 3727. 148.3 35.79
2468 19@ 3767 . 148.8 39.28
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IGT MWELL TEST ANALYSIS
*X*****X**#**t*#******

WAINOCO P. P GIROUHPD HELL NO.1
DATE: ?/°3fea
GAS COMPOSITION:

NITROGEN. .. .......oovuinn. .8911
CRRBON DIOXIDE............ .8588
METHANE . . ... ... ool 9172
CETHANE . o v L. leisz
PROPANE.. . . .. el . .9030
ISOBUTANE . . . .. LT - 8nesS
A=BUTANE . . . o oo - 3810
PENTANES . ... ............. . eans
CE+.. ......... ... ........2. 0000
CALCULATED GAS PROPERTIES:
DRY GAS HTG VAL... = 975.82
DRY GAS GRAVITY. ..= .62€5

PRES BASE=14.73; TEMP BASE=6GF

" THERMAL ENERGY BASE TEMP =120F

PRODUCTION SUMMARY : '
------ GAS---=-~ . THERMAL
(MCF)> (MMBTU) (MMBTUD
DRILY 131.7 128.6 106.3
.cun. 159.2 155.3 113.3

PRODUCTION DETHILS:
TIME —-=-BRINE=== —+===- GAS-=-=-
DEGF STBFD NMCF-0 SCF-STE
616 19@ 3781. 149.8 39.48
ezea 155 3749. 148.€ 329.65
a3ga 197 3737. 148.9 39.85
846 zo6 3752. 148.2 39 .49
es5ee 2006 3824. 151.8 39.69
@66 203 3963. 154.8 39.65
e7e8 285 3864. 154.5 35.9¢
eges 265 3948. 156.6 39.75
ases 285 3970. 157.5 39.67
1688 285 4612. 159.4 39.74
i 205 4B37. 152.7 39.56
1268 z1@ 4858. 162.8 39 .92
1368 2108 4858. 162.4 46.061
1468 211 4158. 163.2 39.24

1568 213 4151. 165.4 39.85

16823 215 4836. 165.2 41.66
17ee 214 4247. 166.5 339.286
186@ 215 4178. 166.5 39.84
1560 215 4127. 167.7 48 €3
2688 210 3935. 153.% 39.18
2189 - 6. 6.0 6.068
2200 - 0. 8.6 - 6.06
238@ - e. 6.0 8.806
24606 - ©. 6.0 6 .66
A S TECHNOLOGY
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FIGURE 12-27, Part 2

S 1IGT MELL TEST ANALYSIS

EEELEXXFEATERLRELXLAERL
WAINGCO P.R.GIROUARD WELL NO.1'°
DATE: 7,29/80 IO

GAS COMPOSITION B o
NITROGEN:........ ;;;¢;,;J.j.8811‘;
- CARBON DIOXIDE............".@388 =
- METHANE. ... ... PR AN b I i
ETHRNE . ... ... .. RO - b X - I
PROPANE. . .. ... ... .. ..., .08638
ISOBUTANE. .. ... P e - 121 <
n=BUTANE. ... .............. 68810
PENTANES .. .. ..... Lo, eee2

Cé+. . ... . ... ';...;..;B.G&BB:W

CALCULATED GHS PROPERTIEb

~ DRY GRS HTG VAL. ~:r'=7s sé
DRY GAS GRAVITY. 6265

PRES. BASE=14.73; TEMP BRSE'GGF

THERMAL ENERGY BRSE TEMP =126F

f~PPODUCTIUN SUMNHRY *.' ‘
[ em——— e e ——— THERHHL
‘g (HCFJ (MMBTU) (MMBTUD
DRILY 21. 21.8 o198
cum. ‘21.5 21.6 16.6
PRODUCTION DETHILS o M
TIME. ===BRINE===  —m——- -GAS~~—=~—
: UEGF STBPD MCF/D SCF/qTH_
etee . - - 8. ©.0  ©.80
@260 - . 6. ©.0  6.66
8308 . - 6. 0.0, "0.00 -
g4e6 - 6. 9.8 @.80
65868 . - - 6.  ©6.0.  ©6.00 .
8600 . - @. 0.0 0. .06
eree . - 0. . 0.0  ©.80
esge .- @, 8.6 -0.66
eses = -~ 8. 8.8 86.88 .
11ee - - 8. ©.8° ©.8686
12e68 - e e.e” .86
120 = - B, 8.8 8.0
140w L~ 8., 6.6 -~ 06.86
1se@ .. - @, 8.8  ©.00
1666 = ‘6. 8.0 1 ©.60 -
ive0 . - ‘8. 9.8 6.66 -
1808 - ®. 9.6 6.e8
isas .~ <= g 0.6 ©8.860
2888 - - ‘g, ©.8 0.0
2les = - - B. ©8.0 0.80 -
2288 . - . 6.6 é.e6
2380 139 . 6016. 234.6 39.00
24086 z61 7646. 280.7  39.84

INSTITUTE =~ OF  °

IGT WELL TEST ANALYSIS

, #t******t******t**#*tt

HRINOCO 'P.R.GIROUARD NELL NO.1
DRTE: ?/EQ/SB

GHS CDHPOSITION R AR
NITROGEN, ............ SIS - 150 & NI
- CARBON DIOXIDE ....... RAPRSI <11~ -8
METHANE. -................. .9172
ETHRANE. . ... ... ... ... 8182
PROPRNE . .. .......- ... ...... 8836
ISOBUTHNE..’ ............... - .8ees
n-BUTRANE . .. .. S N .ee16
PENTHNES,.;‘ ............... e8ez2 -
........................ 0.000806

CRLCULHTED GAS PROPERTIES: =~

DRY -GAS HTG VAL... = 975.82

DRY GRS GRAVITY....= .6265
PRES BASE=14.73; TEMP eﬁsE*seF'
THERMAL ENERGY BRSE TEMP =126F

PRODUCTION SUHHRRY 3
§ommmm— THERMBL

- TCMCF) - CMMBTU)  (MHBTUD
DAILY® 293.7  286.6  292.6
- cun. 315.2 307.5  3082.6
PRODUCTION DETARILS:
TIME ---BRINE--- N

"DEGF. STBPD HMCF-sD SCF/STB

G186 216 . 6S13. 274.5 38.71%
eze0o. - 228 @ 6841, 273.06 39.91
8360 - 224 '6?28. 270.8 46.36
6460 22€ ° ~6753. 268.8 39.80
e5es. 227 - - 6755. 267.3 39.56
68 230 - 6917. 277.3 46.10
@768 232  7086.-284.4 4©.13
‘B8ed 234 @ 7178 285.92  39.84
~esae»,235:1,,7194: 287.7 39.99
1688 - 235 . | 7342. 294.0 46.84
1108 - 236 7463. 299.2 46.63
1268 235 7474 ..360.3 46.1¢&
- 1388 236 .- 7497. 361.3 46.19
‘1480 - 237 - - -74498..-303.9 -46.84
1568 237 t§?535"300.4 39.86
o16e@ 237 7508 . 368 .2 39.98
1788 238 | 7483.-300.4  48.15
. 1800 238 . .7524. 301.7° 40.1©
.- 1980 - 238 - 7556. 383.2° 40.12
2008 238 665, 367.7 46.14
2188 239 - -7¢51. 311.0 -40.12
22680 - 237 - 77680. 311.3 46 .081:
2300 238 7806, 312.1 - 39.98%
2408 241 "T769.-312.3 46 .26
AS 7 TECHMNOLOGY 119



FIGURE 12-27, Part 3

IGT MELL TEST ANRLYSIS
(2222030303244 53952443 9

HAINOCO P.R.GIROUARD MWELL NO.1
DRTE: 7-31/80
GAS COMPOSITION:

NITPOGEN. . ................ .8egil
CARBON DIOXIDE. .. ......... .. 8586
METHRNE. .. .. e e e . 172
ETHANE. . .. ... . ............ .a1ez
PROPANE. . ................. .8638 .
ISOBUTANE. . ... ... ......... .eu8s
n=BUTAME . . . ............... .891¢
PENTANES . . .. ........... ... .egec
Cé+........ P v .8g8en
CALCULATED GRS PROPERTIES:

ORY GRS HTG VAL... = 9v5.82

DRY GRS GRAVITY....= .€62€5 .

PRES BRSE=14.73; TEMP BASE=66F - -
THERMAL ENERGY BARSE TEMP =126F

PRODUCTION SUMMARY :
------ GAS----—- THERMAL
CMCF>  (MMBTU) (MNBTU.
DAILY 485.2. 399.4 489 . ¢

PRODUCTION DETHILS:
TIME ---BRINE--- ==-=-GAS===--
DEGF STEBFD NMCF-D SCF-/STL

alon 241 ’786. 3i2. 40.17
e2na 241 7823. 40.65
8368 241 78ge. 3
6408 241 7967. 3
asee 241 ga1v. g
2

[
[
[4Y]

39 .47

@688 241 80855 . 38.97

Ty s b b b
DOODDGIGIA W

0
)
=~ UPUANOrRWNDONADODONDOLNWOD
2]
&
o
21}

6rvae 238 6597. 39.67
gsed 167 0. 6.606
6988 140 0. .00
1606 127 6. 8.80
1186 119 8. 8.068
1268 166 6121 . 3% .

1366 243 12778. 575 45.0¢
1468 255 14236. 6061. 4z .2z
1588 246  12175. 561 46 . 6¢

1668 249  14558. 558.
17866 258  14515. 546.
1868 244  18293. 523.
1988 258 13129. €55.
2068 252 14478. 756.
2186 254 14432. 693.
22088 253 13567. 591.
2388 252 14288. 686.
2468 253 14294 . 627.
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39.71

IGT MELL TEST AHALYSIS
2 242323¢392803¢3232225¢ 9y

WAINOCO P.R.GIROUARD -WELL NO.1

DRTE: 8-re1-/86
GAS COMPOSITION:

NITROGEN. .. ..ouuunnnn... - .eo11
CARBON DIOXIDE............ .8588
METHANE . . .. ............ ... .8172.
ETHANE . . o oo .e182
PROPANE . . .. ... . . 8030
ISOBUTANE . . .. ........... . .p8@8S
n=BUTANE . .. .. o - .en1@
PENTANES . .. ..o oveennn .8602
CEF . ooem oo 0 .8000

CALCULATED GRS PROPERTIES: -
DRY GAS HTG VAL... = 975.82
DRY GRS GRAVITY....= _6263

PRES BASE=14.73; TEMP BASE=66F

THERMAL ENERGY BRSE TEMP =120F

PRODUCTION SUMNHARY :
...... GAS—===—= THERMAL
C(MCF> (MMBTU) (MMBTUD
DAILY 25%9.6 253.3 284 .4

PRODUCTION DETRILS:
TIME ---BRINE--- - GAS -
DEGF STBPD MCF/D SCF/STE

61e8 252 11654, 713.8 61.25
82a0 245 8362. 566.1 54.86
a3oe 244 9429, 351.1 37.23
4868 243 9451. 343.2 36.32
6588 244 9487 . 349.5 36.84
ecea 247 9491. 347.5 3£6.61
ovea 248 9516. 351.1 36.98
eganR 248 8539. 347.9 36.47
8866 247 8551. 355.! 37.18
1668 242 8556. 422.8 44.25
1160 256 £547. 416.1 42.85
1286 2506 es573. 359.2 37.53
138606 243 9128. 357.% 3%8.21
14686 249 16841. 366.9 35.94
1568 249 8548. 362.4 37.%56
1668 246 7814. 291.2 37.26
1760 - 8. 6.0 .68
1880 - e. e.6e @.60
1988 - B. 6.0 6.80
2006 - 6. 6.0 0.80
2180 - 6. 6.6 0.006
22060 - 9, 0.0 8.e8
2388 - 8. 0.0 .86
24006 - Q. 6.9 @.086
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_ FIGURE 12-27, Part &

IGT WELL TEST ANALYSIS

:***********XX********* ‘
WAINOCO P.R.GIROUARD WELL NO.1.
'DRTE: 8/02/680

- GAS COMPOSITION: '
MNITROGEN. ........... ... .. .ee11

CARBON DIOXIDE............ B58¢
METHANE .. ... ... .0 . ve e 9172
ETHANE . . . ..o D 8182
PROPANE . . .. ............... .863@8
ISOBUTANE . .. ... . ... Ll lepes
N~BUTANE ... ............0.. .00618
PENTANES . .. ............ <. .eesz

CO+. oo <;;;e.aaaa
CALCULATED GRS PPOPE&TIES=~ '

DRY GRS HTG VAL... = 975.82
" DRY GAS GRAVITY....= .626S

PRES BASE=14.73; TEMP BHSE=EGF

- THERMAL ENERGY BASE TEMP =129F

PRODUPTION SUHMHPY

(MCF) CMMBTU)  CMMETU
DRILY 1e6.7 898.2 .. . 76.3

cum. - iee.7 98.2 . 76.3 .

PRODUCTION DETARILS: !
TIME =--—-8RINE-== =we=- GAS—==——w
DEGF STBPL MCF/D SCF-STE

IGT WELL TEST ANALYSIS
KEXXKRREREXRREXRRRRAAR

,_“;HRINDCO P.R. ‘GIROUARD WELL NO.1
.. DATE: ezazzsa
GRS COMPOSITION

HITROGEN..............;... 0011
 CRARBON DIOXIDE. ........... .@588
CMETHANE. ... .....0..0. S 9172
“ETHRNE ... .. v Ll le182
CPROPANE. ... ... .......... .0838

ISOBUTANE .. .. ... ... ... .6885
n=BUTANE. . . ... . ... ... ... .e018

COPENTAMNES ... e i .02

BT S ©.6800

CALCULATED 'GAS PROPERTIES:
~ DRY GRS HTG VAL... = 975.82
. -DRY GAS GRAVITY....= .6265

'PRES BASE=14.73; TEMP BRSE=6GF
THERMAL ENERGY BRSE TEMP =120F

, ’;;”JW,PRGDUCTION SUMMARY :
Gmmmmmm THERMAL ©

HS~ - THERMAL

R - CHCED - (MMBTU)  C(MMBTU)
: DHILY 275. 9‘ 268.3 278.8
CU“.~' 3?5.6 366.6  355.1

PRODUCTION DETAILS:

TIME =-=-BRINE--- -=---GAS---——
DEGF . STBPD MCF/D SCF/STB

. @180 - 8. 6.0 ©.00 _ -@1e8 233 . 6615. 263.1 39.78
8208 - 6. ©.6 .@.06 . 8260 233g--feea4,v261 4 39.58
A 8300 - 0.  ©8.80 6.60 . @300 234 . 6592. 266.7 39.55
Ll 0400 - 8. ©.6 .06.66 @406 234  6585. 260.1 39.56
, 06580 - 6. 8.0 ©.66 @568 234 6577. 259.9 39.52
' 6600 - g. 0.0 . 0.00 .. e68@ 234° < 6574. 259.4 39.45
i avao - e. ©.8. .6.068 @788 233 ~ 6566. 258.8 39.42
li 0860 - 6. ©0.0 8.6 0808 234  6566. 268.9 39.77
- @900 - 8. 0.8 8.80 @968 234  6554. 261.2 39.86
, 1660 - ‘6. @.e . @©.66  1epe 233 .6538. 260.3 39.81
. 11006 - ‘B. ©.8 ©.86 “11e@ 231 < €545. 258.5 39.49
i& 1260 - 6. ©.0 - e.ee@ 1280 231 . €556. 256.9 39.52
1360 - 9. 8.8 0.0 1388 232 - €523. 260.3 39.%9@
« 1468 - . 8. ©.86 ..6.006 . 1406 229 | 6591. 266.6 29.53
, 1568 - 9. ‘8.6  ©.88 1588 227 6484. 264.0 406.71
P 1660 123 3566. 180.3 56.55 - 1606 226  6482. 263.2 40.61
W/ 1768 188  5998. 37i.1 61.87 S 1788 227  6469. 261.6 40.44
. 1866 268 6739. 2684.6 42.23. . 1806 228  6465. 258.6 46.606
R 1968 217  6789. 262.9 39.18 ~.1988 228 ' 6493. 266.4 46.18
Li: 2800 222 ~ 6732. 264.0 35.22 - 2008 229 < 6482. 254.4 39.24
¥ 2100 226 = 6697. 264.3 .39.46. 2100 234 ,;'sses. 252.1 38.75
2200 228 6670. 263.5 39.568 2208 238 . 76869. 305.8 38.86
. 2308 230  6647. 261.,8 39.38 L2300 251 16919. 419.2 38.39
tJ 2408 230 €634. 263.8 39.77. . 2460 253 18878. 415.7 38.22
Efi
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FIGURE 12~27, Part 5

- IGT WELL TEST ANALYSIS

KEEEXXEERRRXLLRREERRAE
KAINOCO P.R.GIROUARD MWELL NOU.1
DATE: &/04/80

GAS COMPOSITION:

MITROGEN. .............. ... 0811
CARBON DIOXIDE. ........... .a588&
METHANE. . . .. e e e e .9172
ETHANE. . ........ ... ...... .8182
PROPARNE. ... ............... .8a38
ISOBUTARNE. .. .. e e .. .8vBS
n=BUTANE . . ... ............. .eale
PENTANES. .. .. e e e, .8ae2
Ce+. . 6.86e8o6
CALCULATED GAS PROPERTIES:

DRY GAS HTG VAL... = 97¢5.82
DRY GAS GRAVITY....= .6265

PRES BRASE=14.73; TEMP BRSE=60F
THERMRL ENERGY BRSE TEMP =120F

PRODUCTION SUMMARY :

———e=mGAS———==m THERMAL

(MCF)>  C(MMBTUY CMRETU>

DAILY 8.4 8.2 7.9
cum . 364.1 374.8  363.0

PRODUCTION DETHILS:
TIME —-=-BRINE-=-= =—=—==GfRS-=—=-
DEGF STBPD MCF-D SCF/STE

8188 219 S472. 202.5 37.80
0200 127 6. ©.6 ©.e0
6300 161 @. ©.6 ©.96
6400 - 6. ©.6 ©.00
8560 - 8. ©.6 ©.e0
8600 - €. ©.0 6.00
a7ee - 6. ©.0 ©.00
8860 - 6. ©.9 ©.ea
89508 - 8. ©.0 ©.00
1660 - 6. ©6.8 0.0

1184 - 6. 8.8 @ 60
1262 - 6. ©.6 0.0@
1306 - 6. ©.8 ©.88
1460 - 6. ©6.8 ©.00
1506 - 6. ©.0 ©.o@
1660 - 6. ©0.8 ©.e0
1706 - 8. ©.0 ©.00
1860 - 6. ©.8 ©.e@
1968 - 6. ©.8 -0.00
2000 - 6. ©.6 ©0.00
2108 - 6. ©.0 ©.00
2268 - 6. ©.0 ©.60
2300 - 6. ©.0 ©.60
2490 - 6. 8.8 ©.60
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Variations in calculated gas/water ratio with time are shown graphically
in Figure 12-28, Parts 1 and 2.  Although this figure indicates some
large variations in hourly velues of gas/water ratlo, it is most probable
that the ratio of" gas—to-brxne in ‘the reservoir is 40 SCF/STB. -Reasons

, for this conclusxon ‘gre. d1scussed in the followxng chtonolog1ca1 observa-

® Production,Flaw Tests:I and ‘2 (afternocn 7/22/80 through 0700 hours
7/31/80: With the exception of start-up and shutdown periods, stable
separator operations at a pressure of 250 psi and a.differential pressure
in excess of 25 inches of water were experienced on these tests. The

first test provides the most reliable measurement of gas-to-brine ratio
because pressure drawdown was minimal, ~Thus there is 11tt1e, if any,
distortion of the ratio by gas comlng out of solutxon in the reservoir

and be1ng trapped :

e Third Production Flow Test (m;d-day 7/31/80 through afternoon’ 8/1/80)

The 7/31/80 portion of this flow test was at the maximum feasible brine

productlon tate. The high calculated values of gas—to-brine ratio in this °
period are erroneous because of linear averaging of orifice differemtial
pressure during large osc1113t1ons in separator operation. The character

of these oscillations is ‘shown in Fzgure 12+-29. Averaging of 1nstantaneous
values of 5-second time intervals was provided by the’ data acquxs1t10n
system. However, instantaneous gas production: depends upon the square

root of the instantaneous value of the product of separator static pres~
sure and orifice differential pressure. For oscillations of this type,

the average of znstantaneous square root values would. be substantially
smaller than the square root of the average of instantaneous values., IGT's: -
computer software for data acquisition is being revised for future tests,~' 5
so that square roots w111 be taken: at. each 5-second read1ng. : '

After the flow rate had been reduced to achieve stable separator operatxan S

shortly after midnight on 7/31/80, the calculated gas-to-brine ratio
averaged about 37 SCF/STB. :Minimal significance is attached to this value .
because orifice differential pressure was only about 5. inches of water. .
For this very low differential ‘pressure, a zero offset of 0.84 inches of
water would change the calculated ratio to 40 SCF/STB. In contrast, for

-the differential pressure of 40 inches of water during ‘the first ‘flow test,

a zero offset of 0.84 inches of water changed the calculated value of the
ratio only from 40 to 39,6 A zero offset of less than 1 inch of water could

“well have resulted.from either condensation in theksmall,tubing to the

differential pressure gauge or accumulation of water in-the small tube
during separator upsets characterxzed by brlne productxon through the flare

11ne.

= Eaton industries of Houston, Inc:

DOF CONTRACT NO. Eaton Operating Co., Inc.
DE-ACOB-B0ET-27081 3100 Edloe

Houston, Texas 77027 .
. (713)627-9764 _ L : » : 123 -



'P.R. GIROUARD #1
FAYETTE| PARISH
LOUISIANA| U.S.A.

230/
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PRODUCED GAS-TO-BRINE RATIO (SCF/STB)

11

TUE WED THU FRI SAT SUN MON
7/22 7/23 7/24 7/25 7/28 7/27 7728

FIGURE 12~28, Part 1. Hourly Values of Gas-to-Brine Ratio
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PRODUCED GAS-TO-BRINE

|

;o TUE - WED | THU - " FRL 7 SAT .. SUN.. - TMON
b o7 G wme o wat o emrs e 0oL e/ o 8R4

o FIGURE 12-28, Part 2. ‘Hourly Values of Gas-to Brine Ratio
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- “Fourth Production Flow.Test (8/2/80 .through 8/4/80):. During the first

24 hours of the test, the calculated gas/water. ratio averaged about 39.5
SCF/STB This is very close to the 40 SCF/STB from the first two flow
‘tests and is considered less accurate because. dxfferent1a1 pressure .was
relatively low (8 :to 16 inches of water).: :The most.significant aspect
“of the fourth flow test is the comsistency in calculated:gas/brine ratio
for variations in separator pressure between extremes of 396 psig and
689 psig. :Between these extremes the correction for gas remaining in
solution in: brine to the disposal well: varied from 2.92 .to 4.86 SCF/STB.
With this correction, values of calculated gas/brzne ratio were consis=
tent within. about 1 SCF/STB. This consistency in calculated gas/brine

_ ratzo over a .wide range-in: separator pressure- provxdes valxdatzon of
the six—step data 1nterpretetxou procedure used o

“i%:

’Cumulat;ve productxon and overall avezage values of gas-to-brlne ratxo
o for the four*znstrumented flow tests are as- follows.$: ,

Brzne : Thermal Energy, :f Dry Gas lf ,Gee £¢ Briue ﬁatio
) ’ '.l’est ‘ STB ', MMBtu : MCF. MBtu . SCF/STB
L ' )'1 4 009 113 31'}"ﬁ o gse2. 1553 3071
. 2 m 12 i“;."x 398 2 a0hs. 3539_4.7‘;; SRR
u 3 . 13 398V 598 2'2;’; s 5 5655 Lo 43.25
o 4 __9_,_5_31 363 o"': 3841 3768 .t a0.27
L* ‘Total 37,075 Lo - L4T2.70  1,527.2.1,490.3

Slnce the gas-to—brxne ratlo for Test 3 is known to be erroneously hzgh
.due to .gveraging during -separator ‘oscillations, the ‘overall gas—to-br1ne
‘rétio has -been calculated from the sum of .gas .and brine product1on for
:Tests:1,2, and 4 only; . :The result 'is 40.06. SCF/SIB. :

M
- "

12.6.3. 2 Comparlson W1th Laboratory and Published Data on ‘Methene -
olubxlzty‘f ‘As discussed above, -analysis-of field data has concluded that
“ithe ‘most probable value of ‘the produced: gas-to-br1ne ratxo is 40 SCF/STB. :
Fxgure 12-30 provides: a basis for: comper1ng this result w;th laboratory
‘data concerning methane solubzlxty 1n br:ne et reservoir cemperature and

xffJPressure.f«“%w SR

L

T

MEthaue solub111t1es in brxne as a funetlon of pressure for RDI s measured
‘reservoxr temperature of 274°F are plotted uszng. :

LN

-0 't; |
C

FE P S St iyaaemy
Coeit L.l RO S S SO

: — : Eaton Industries of Houston, Inc.
NOF CONTRACT NO. Eaton Operating Co:; Inc.

DF ACOB8-80ET-27081 - ~3100 Edloe
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e Curve l: The equation published by c. W .Blount (Ref. 1) and a
sa11n1ty of 23,000 ppm (Curve - s

e Curve 2: The computer algorlthm developed by S. K. Garg (Ref. 2)
~ to fit the data of Culbertson and McKetta for methane solub111ty
rzn d1st111ed water.

e Curve 3: The equation’ developed by J. L Haas (Ref. 3) to ap-
- proximate data from- multxple laboratory studles and a sa11n1ty
of 23,000 ppm. B ,

All three of these curves suggest that the previously deduced 40 SCF
of dry gas (including CO)/STB of brine is less than the saturation
value for methane solubility at reservoir temperature and pressure.
Applyxng the Eaton Operating Company factor of 0.88lto Blount's equa~
tion at RDI's measured reservoir temperature and pressure yields an
estimate of 44.5 SCF/bbl for methane solubility. This is more than
"10% greater than the 40 SCF/STB deduced~from production data.

Finally, F1gure 12-30 contains data points from the recombination and
differential liberation studies on separator samples collected on
August 1, 1980, by J. Neal of Weatherly Laboratories. (Unfortunately,
production data interpretation suggests that the produced gas~to-brine
ratio at the time of sample collection was only about 38 SCF/STB.
However, this should not effect the validity of the laboratory work).
The points plotted were developed from the complete report in Appendix
H, as follows: }

e Recombination points were obtained by addition of 1) values obtained

by flashing separator brine samples, and 2) the amount of separator gas
added te separater brine at 2749F to reach the four observed bubble
points. The plotted values for dissolved gas have been corrected for
the difference in pressure base between the State of Louisiana value

of 15,024 psi and the value of 14.73 psi used for production data 1nter-
pretation.,

e The point at reservoir pressure is based upon extrapolation due
‘to pressure limitations as explained in Appendix H, The value plotted
of 44.9 SCF/STB includes the pressure base adjustment.

e The four differential liberation points shown at pressures. of‘1500
3000, 4500 and 6000 psia are from Appendzx H and have been adJusted to
a pressure base of 14 73 psi. ,

e oo oenCle e

-

r° e

r

Note l1.: The EOC factor of 0.88, to be applied to Blount's
equation, has been derived empirically, by comparing actual
field results with those calculated by the equation.

Eaton Industries of Houston, Inc.

NOE CONTRACT NO. ' Eaton Operating Co., Inc.
DF ACOB-80ET-27081 3100 Edioe

128 Houston, Texas 77027
: ' (713) 627-9764
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The Weatherly Laboratory data from actual’ samples of produced gas and.

produced brine lies within the range of various fits to laboratory studres?

using pure methane, distilled water, and sodium:.chloride. . It is in--
teresting to note that the Weatherly value of 44.9 SCF/STB for a pres-
sure base of 14.73 psi is virtually identical to the value of 44.5 SCF/

"bbl obtained-by multlplyzng the value calculated with the Blount ‘equa~-

tion by 0.88.

| ’These comparisons 1mp1y that the gas content of reservoir br1ne is 102

or more below the saturation value or that the bubble point in the
reservoir is at least 2000 psi below reservoir pressure. However, it
is not! clear that sucb a conc1u81on is warranted o :,

One maJor reason for doubtxng whether gas content of the reservoxr 1s
actually below saturation is the lack of increase of gas-to-br1ne ratio
toward 44 to 45 -SCF/STB-during the fourth flow test.  There is little -
doubt" that pressure drawdown near the well bore was substsntxally in '

-excess of 2000 psi during the 15, 000 barrels/day portion of the third

flow test. Thus a small amount of liberated gas should have accumulated
in reservoir pores near the well bore during that time. If the reservoir

' brine were indeed undersaturated, this liberated gas should have dis-
solved in brine near. the wellbore during the 24 'hour buildup between

the third and fourth, flow tests. This: ‘additional dissolved gas would
in turn have 1ncreased the gas-to-brzne ratio durrng the fourth flow

"’ testo

The lack of scatter 1n hour-by-hour gas-to-br1ne rat:os durrng per1ods

of stable separator operat1ou elzmanates random error as a possible ex—
planatlon ‘for the difference’'of more than 10%" between gas-to-brine ratio -
from production data and from laboratory analyses. However, the pos-
sibility of systematic error: 'in data collection or 1nterpretatxon can~
not be: e11m1nated. Three concexvable sources of systematic error are:

i Reservoir Temperature.

. The alngle measurement of temperature gave a value 18 F hrgher than

snt1c1pated. Calxbratlon of the downhole sensor was checked to within

~ 2°F on the surface in boiling water. However, this check did not in-~
"~ wvolve the same surface electronics as the downhole measurement. Also,
- only the temperature: sensor, rather than the entire downhole assembly,
. was heated to the boiling point on the surface. At reservoir pressure, - -
‘the sensitivity of the laboratory data (in Figure 12—30) to temperature‘””'
is 1 SCF/bbl per 5°F. R

Eaton Industries of Houston, Inc.

- POF CONTRACT NO. Eaton Operating Co., Inc.
DF-AGO8-80ET-27081 3100 Edloe

Houston, Texas 77027
_ {713) 627-9764
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Orifxce Mbter COrrect1on for Steam'“;: v

i The correctxon procedure used assumes that steam obeys the 1dea1 gas law

in mixing with the other gases present. - It is also assumed that:the

partial pressure of steam in the orifice corresponds to gas stream tempera-

" ture, not the. (roughly) 30°F higher temperature of brine in the: aeparator.‘
’Poss1ble steam-related systemat1c errors have not been evaluated

Gaa Entraznment 1n stposal Well Brrne°'

Flow dyuam;cs at the IGT collectxon poznt for separator output brxne
samples mitigate -against collectxon of ‘any ‘entrained. gas bubbles in the

» semples “flashed to determine gas content of brine to the disposal well.

~ The very close agreement between flashes of IGT samples and the Weatherly:

“1'Laboratory samples  from' the separator vessel itself at'sbout the same
: time ‘reduces likelihood of significant systematic error due. to gas

bubbles entrained ‘in disposal well brine. 'If:the brine leavirg: the

. separator contained 4 SCF/bbl of.entrained gas; sucli:gas would occupy :
'alightly1over~l02:of}streamrvolume”atfzso4psig andronlyultsznat 700 psig.

12 6 3.3 Gas Flashed From ngh-Pressure Brzne Samples. a“;

Independent measurements of produced gas/brrne ratxo were obtaxned by
flashing hxgh-pressure brine samples collected upstream from the large .
choke manifold. The' intent was to validate conclusions reached from
interpretation of measurements on separator output streams. The primary
sampling point used was intended to be an advancement over sampling
procedures used by IGT on the December 1979 test of the Pleasant Bayou
No. 2 well. Samples were taken at wellhead pressure on Pleasant Bayou
from a cross at the chokes, where the flow was highly turbulent at the
production rate of about 15 000 barrels/day. On Wainoco P R. Girouard
No. 1, the primary samplxng point involved a 1/4-inch ID "stinger" ex-

-tended. from a flange to a concentric position inside a 3-1/2 inch Schedule

160 spool from the wellhead. Samples from this location were collected
after flowing many sample volumes using a fixed choke on- the outlet end

~of the sample vessel to be flashed

The procedure used did not: prov:de data of suffzclent qualxty to be use- -
ful in validating conclusions reached from the outputs of separator

streams. No analyses were performed on gas from these samples. No direct
measure of flow limited by the small choke downstream of the sample :
vessel was provided. Flow through the choke was estimated by assuming a .

,veloc1ty equal to the veloczty of aound in: water for each of the four

choke 51zes used,

Eaton Industries of Houston, Inc.

DOE CONTRACT NO. . Eaton Operating Co., inc.
DE ACOR-80ET-27081 . 3100 Edioe

- ‘Houston, Texas 77027
L (713) 627-9764
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Plans for future Wells of Opportunity tests include providing "turbo-
lizers" upstream of the sample point plus a small turbine in the sample
line so that sample velocity into the stinger can be controlled in re-
lation to flow line fluid velocity. ~ ,

Figure 12-31 provides details on gas~to-brine ratios from flashing of
samples collected after flowing through the sample vessel with very
different conditions at the tip of the stinger. The first set of
samples was collected one at a time during flow tests when pressure
drop was occurring at both the small choke on the wellhead (upstream
of the sample point) and the large choke manifold (downstream from

the sample point). At the times of sampling, pressure at the primary
sampling point was between 3300 and 3850 psi. At this pressure, about
1.5% of the flowing fluid is expected to be in the gaseous phase. How-
ever, the flow rate of about 4300 barrels/day is too low for confidence
that turbulence is sufficient to provide uniform:distribution of gas
bubbles in the 3-inch diameter flowing stream. The second set of
samples was collected during production at over-15,000 barrels/day of

" brine., Pressure at the tip of the sampling stinger was only about

500 psi. Under these conditions more than 20% of the flowing stream i

volume is expected to be in the gaseous phase at the tip of the stinger. iﬂ

The very low values of gas—to-brine ratio observed clearly indicate

that valid samples were not obtained. .
i
i
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» Figure 12-31
Measured Gas/Water Ratios, Wainoco

- Pregsure oo v
In Sample :
Inner ey o oo-Vessel:. Sample T
D:Lameter S Total,» ,a'During il ,Poznt, Gas/Wat:er .. Ratio
of Flow: Brine Pressure, Rat:.o, . of :
Date Time, Choke, in. bbl/day Flow, psi psi ££3/bb1  Velocities*

7/237-'11525;;n~o;o76;¢g¢4 4240 - . --, 2700 .. -.-3300 - . 27.2 - 6.47
23 1309 0.062 . 4260 . 3000 ... 13300 431 . 3.88
7/23 1350  0.040 s280 50 300 3.9 140
7/23 1505 0.015 éié%f" CossooTmse 195 0.19
7/23;“11855?'j. GfOiigflfffASSb7i»1:p[¥§6505i,ifﬁlssso,71 f ‘2o,2,;1‘~i 0.19

7/31 0. 1637 . O. 075H~€.:y154103';',,};fﬁsp‘;‘ﬁ.ﬁ;:-,L.f' e 1201 1.13 ;
aim es0.  oore issr eo. . 13 1
7}51?5{i743.;ﬂf{o oezﬂ@f}iQié;db,]"if;§ ¥666555 S e ear
7731 1s03. 0.6 1sw00 - 0 s Loz
/31 1817 0.040 istoo T eso T iz ez

7/31 1833  0.015 15100."“"'1"*z gse T e 0.0

*. Calculated assummg flow velocxty through theéhoke ‘tube to be equal ‘to the
velocxty of sound in water. . P S L P ;
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12.6.4 Downhole Sampling -

Two downhole fluid samples were taken on July 28 with Gearhart—Owen
samplers. Recovered samples were analyzed. Results of gas analyses

are presented in this section slong with clues to actual sampling depths
and detalls regarding operating experience with the sampler in this
well, - Results of brine analys1s for the samples are presented in Sec—-
tion 12.6.4.3. ' -

12.6.4.1 Sample Collection: Details of collection of each of the two
samples are provided under the following sub-headings. Additional evi-
dence regarding actual depth of filling for the samples is discussed °
in sub=-section 12.6.4.3.

e First Sampling Operation (July 28, A.M.)

Between 11:00 a.m. and 11:30 a.m., the first sampler was lowered to
14,800 feet in the perforated interval, which extended from 14,717 to
14,824 feet. The well had previously been shut in since 1945 hours
on July 23. The well was flowed about 5 barrels in about 45 minutes.
after which the filling signal was transmitted. The sampler was at
14,800 feet for about 25 minutes.

Upon retrieval the sampler was full, though the detonator had not fired.
This indicated that the sampler had filled prior to signalling. Later,
examination revealed this to have been caused by failure of the rupture
disk inside the sampler. A collar locator run with the sampler stopped
working at 14,500 feet. This observation, coupled with the fact that

it requires substantial pressure to make the rupture disk fail, prompted
Gearhart-Owen personnel to surmise that the sampler filled at this depth,
causing the collar locator to stop functioning.

e Second Sampling Operation (July 28, P.M.)

The second sampler was started into the hole at 1500 hours and reached
14,800 feet at 1530 hours. The well was flowed for about 10 minutes

before the sampler reached 14,800 feet and before transmitting the actua-

tion signal. This was to minimize time at depth and thereby reduce the
likelihood of another failure. :

Upon retrieval, it was found that premature filling had occurred again,
this time due to extrusion of the O-ring used to seal the rupture disk.
O-ring extrusion was enhanced because the disk retainer had only been
tightened finger tight in assembly.
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.~ -There ;are fewer clues-:as-.to when and where the second sampler filled. It
was initially assumed:that failure occurred at. a much shallower depth than
the first sampler sxnce O-rzng extrus1on WOuld occur st a lower pressure

"%than rupture. S FINEEE S ST fo L I :

12 6 4 2 Sampler Handlxng snd Gas Analys1s. The fxrst sampler was ,
flashed to one atmosphere - on the day of collectxon to determine gas—to-
... brine ‘ratio.. ::The.liberated gas (31.0 SCF/BBL) was ‘then .analyzed with
;. 'the field 'gas chromatograph.. .Its composition is:shown in Fxgure 12-32.
Brine from the sampler was handled and analyzed as descr1bed in sub-'
’sectxan 12 6 4. 3."; B R I T Y S P T

»
.

: The seccnd sampler ‘was transported to Chxcago before openrng., Eight
= 'days ‘after ‘collection, flashing of the sample revealed a gas content of
30.8 SCF/BBL. Mass: spectrometrmc analyszs of the gas prov1ded the comr~
. position shown in- Fzgure 12-32 R e Che et Lo R

-

™y

“TF1gure 12r32 aIso shows the avernge composltlon oﬁ flare 11ne gas samples.»
‘Several- dlfferences 1n comp051t10n are appsrent. The mest s1gn1f1cant
~fgof'these are‘ﬁ' v Sa o ET T T .

: Bz. Thesecond downhole ssmple, wh:.ch remamed in the sampler for
“.exght ‘days, .contained .37 mole: percent Hy. -'The sample also.contained
-a-higher concentration-of iron-in solution. .These .observations .are
“: hypothesized: to be ‘due to-reaction.of -the: brine with -sampler 1nterna1
.+ ‘components during the eight days. :"A qualitative: valxdat1on of this
=1 - hypothesis -resulted when-Hp gas- ‘and Fey 03 were :produced. by plsclng
synthetic brine in a:bottomhole :sampler and heating.at temperatures
up to 280°F during a four day period. The brine used contalned 94 000
T /2 Nacz and 11500 mg/E NaHCO3.'¢;:;; Bl ey o e

-

1,
N

:o% coz. Both bottomhole samples contazned less c02 thsn surface samples
~~during production. This may-reflect CO, loss by reactions . _during the :
14,5 day-residence -time of brine in the well bore before: samp11ng plus
:. the additional ‘eight days- ‘that. the .second sample remaxned din the. sampler.
-cqulternatlvely, the -lower: CO2:may be due:to less generation by preci-
‘o pitation of CaCO3 from-the downhole samples. - This may be consistent
with the higher.Ca content of downhole:. sampler brine: discussed in
sectxons 12 6 4, h and 12 7 4 5

»
)

€

Y
#

e Cz+ Fractron. The f1rst dcwnhole sample contazned a lower mole

.. percent of ‘propane: ‘and heavier hydrocarbons.than surface ‘flare line
samples. :For: the :second downhole sample,- presumably from shallower
depth, ethane and heavxer hydrocarbons were even less abundant.

3

CUo

e CHyt The h1gher fraction of ethane in downhole samples results from
normalrzzng the sum of fractions for all species to ome.

o - Eaton Industries of :Houston, Inc.
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12.6.4.3 Depth of Sample Collection: Previously stated f1e1d observa~
tions concernzng depth of sample collectxon are:

e Collar locator failure at a depth of 14,500 feet on the way dovmn
for sample #1 may have been due to short1ng of w1r1ng to the detonator
at the t:.me of f:.llmg. T : , ,

e Lack of a dome due to pressure om the aluminum rupture disk on the
second sampler suggests that it filled at lower pressure than the first.

The gas—to-brine ratio and the composition of gas from the samplers
provide additional clues to depth of sampling. Observed gas-to-brine
ratios of 31.0 and 30.8 for the two samplers are substantially below
the 40 SCF/STB from surface measurements during production. Therefore,
assuming no leakage, the maximum possible depth of sampling can be
estimated from gas solubility data, plus the temperature .and pressure
gradients in the well. Assuming the temperature gradient

measured -before production and gas solubility of 0.88 times the value
calculated with the Blount equation, the maximum pressure and depth

for a solubility of 31 SCF/STB are 11,000 psi at 10,000 feet. On the
other hand, if the temperature grad:ent is a straxght line from 274°F
at the perforation to 235°F at the surface, the pressure and depth, for
a solubility of 31 SCF/STB are 8,000 psi and 3000 feet. If temperature
was midway between these extremes at the time of sampling (4.5 days
after the first flow test) the observed solubility would have existed
at a depth of 6000-7000 feet. It is possible that either sampler could

have filled at shallower depth if a portion of gas in the sampler entered

as small bubbles rather than as gas in solution.

The analyses of gas from the bottomhole sampler plus the analyses of
gas from each step in differential liberation by Weatherly Laboratories
(Appendix H) provide an additional clue to depth of sampling. For

the first sample, the mole percentages of ethane and propane are con-
sigtent, within measurement uncertainty, with those expected from flash-
ing brine from an initial pressure in excess of wellhead pressure at

the time of downhole sampling. In contrast, the low content of ethane
and propane in the second sample suggests possible filling of the sampler
while charging the lubricator to wellhead pressure.

Consideration of all the information discussed above suggests that the
first sample was probably obtained at roughly 6000 feet and a pressure of
roughly 9,000-10,000 psi. 'This conclusion requires that the observed
“failure in the collar locator be independent of sampler filling.
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The second aample may well have been collected 1ns:|.de the lubncator :
r.while' it was -being: charged to the wellhead pressure of about 6,500 psi.
--Since gas. solub:.hty is: only about 20:SCF/STB under these condl.tzons, o
.gbout 1/3 of -the gas .in the second sample would have entered in the
form of emall entrained. ‘bubbles exsolved dur:.ng the bu:.ldup of pressure
in the lubr:.eator. e P R len LR il o TN

This analys:.s suggests that both samples contained brine that had ‘been
.-inside well bore- tubulars for more: than 4, 5 days after shut-in -of ‘the
f:.rst flow test. T B , ;
(. 7 | T pipri Fxgure 12-32 . ; p

Gas Compos1t1on for Downhole Samples and Flare L:.ne

Gas Composxtlon (Mole Percent)

»»»»» Downhole Samples L e Average of '
. #l #2-. .- . Flare Line Samples -
w0 e e
o 4.8 3.72 TR 5.88
CEp st H0WOL L 037 <0l
cH, B 5% A 9430 ¢ SeL72
C2H67 SR f11-9_} S A A :’1 32 T L8
CEg o2 03 3
a~C4Hyp . . . .00.03 - .. 001 .. .05
i“caﬂlo :i‘i-'ff3¢§05f,fjif’if‘,L',,°?°?f'”:f 0
pentanes L e0.005 0,00 .. . . . .02

T e

#1 Analyzed at well s1te on samphng date. (7/28/30)

o Showed a gaslwater ratxo of 31. O SCF/BBL 0 161 moles total gas.

#2 Analyzed in Clncago - sampler opened 8/5/80. TR
Showed a gas/water ratio of 30.8 SCF/BBL 0.155 moles total ges.

— ‘Eaton Industries of Houston, Inc.
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12.6.5 Brine Sample Collection and Analysis

* Brine samples were obtained from the inlet to the brine metering skid
‘(downstream of the separator) and by use of a downhole sampler in’the
test well. Details of collection and analyses for each of these sample
‘-points, a discussion of analytical results, recommended procedure changes,
and a summary of third party samples are presented in the following
subsections.

12,6.5.1 Separator Output Sampling: To the greatest extent practicable,
surface brine sample collection and analyses were performed in accor-
dance with the current draft of a uniform plan for geopressured aquifers
under development by a panel of experts chaired by Dr. B. E. Hankins of
McNeese State University. That plan, including minor changes to minimize
cost by using existing IGT facilities, is described in Appendix J of
Volume II..

Surface samples for brine analysis were collected from a tap at the imnlet
.- to'the brine metering skid. This tap is downstream from the separator
vessel by about 15 feet of 3-inch piping and upstream of the separator
dump valves. The sampling point is at the same pressure and temperature
as the separator. :
Results of analyses performed in the field and in IGT's Chicago labora-
tories are presented in Figures 12-33 and 12-34,

Elapsed time between sample collection and field analyses was much
greater than specified in the plan for the first flow test and for some
of the analyses during subsequent flow tests. This was due to severe
limitations on the accuracy of the analytical balance caused by vibra-
tion at the onsite location. The vibration problem delayed preparation
of standard procedures that required the balance in subsequent tests.
Many of the successful field analyses were possible only because McNeese
State University loaned a Mettler analytical balance to IGT. This
balance is less affected by vibration and electrical power fluctuation
than the Arbor Model 126a automatic balance IGT took to the field.

12,6.5.2 Departures From Planned Procedures: Several changes were
made in the snalytical procedures during both the field and laboratory
phases of the analysis. The changes are listed below.

e pH

The time span between sample collection and the reading of its pH varied
widely. This was due to the urgency of other analyses and the inability
of the electrodes to adequately respond to, and compensate for, the
very high temperature of the fresh samples.

Eaton Industries of Houston, Inc.

DOE CONTRACT NO. Eaton Operating Co., Inc.
DF-ACO8-80ET-27081 - 3100 Edloe

Houston, Texas 77027
{713) 627-9764

B i

«

i

i

pe

rwm "
P

, rn.m.““...&.‘
[ .

r ™

r

|

o

S

L4

=

¥

—

S



I[”‘”“ g

3L 0L i L SN

0

A9 0 1TONWHDDI3IL

6€1

l"" c: o e

1

§ =il -

FIGURE 12—33:Reeults'of Oﬁ—Site Analysis of Post-Separator Brine

Specific
Sample Date.

snd Time ' Temp. = pH

22 July 80 . 82% . 7.0 - 39,400
2258 S @35

23 July 80 7 .82°C . 7,0 . 62,500
1110 R E Y I T3

23 July 80 @e*c 7.0 0 56,000
1830 e @ se%c

20 a1y 80 9% 1.2 64,500

2330 Lo s eese

30 July 80 " 51,000

1535 .
31 July 8O
1430

1 Aug 80 U h o 114%CTs 8.0 . 39,000

Sr0007 oA giaste

2 Avg 80 102% 73 34,300

1645 LTRSS g T p e

3 Avg 80 S 104%€ 749 e 32,900 -
1000 IR S a 25’°v

Estimeted‘ Aecu:qoyi(" T21%CT 20,1 '1100""“ A

Mean o 99% 7.4 46,000

Standard : B o i ‘ - S
Deviation B ,“13,',(: 0,‘4- 1,200

were perfomed at a frequency of 1000 Hl-

.. Conduyctance; . -

ushosjen | _sglt |

cesic.

aa,200
oemrel -

Suspended .
Solids,

Subsequent meaeureuents on the same sample as it cooled yielded.
discrepany exists because the measurement of 46, 000 ppm at 50°C _ae performed at. ‘a frequency -of - 60 Hz whereas all other conductance measurements

Alkalinity coz.
mgHCOg[l mg/t

300" H‘"~f'§40"f 22,500 om0~ oo

18007 ¢ e

Diseolved ‘
Solids.'
ok gll

Sj.lica,
: ‘mg[lv

Chloride R
__msll

23,569“*

- 110

2700 L ae 23,3000 o 13,5000 o =

'_5;‘10,,0 *V."j'{ :10 e tlocfi»“l"/::: $100. 7 v 310 wth,\Olﬂ .
2200 660 : 23,400 . 13,300 . 110 0.02

i ‘@qo om0 6w : w0

Sy iy e e,(« s B

46 000 @ 50°C; 37 000 @ 33'6' 35 000 e 30'C° 32,000 @ 25°C'

i

“sulfide,t
—mg/t

- 0.02

ne -
" 13,800 [wfe R L=

K ’Anlnonia.

9.6

9.2

9.5

8:1
6.8
10.0
10.0
10,0
50

0.1
9.1

1.0

A possible
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FIGURE 12-34 Concentrations of Elements and Compounds in the Post-Separator Brine

Sample Date

and Time

2 July 80
2230

23 July 80
1830 -

30 July 80
1535

31 July 80
1430

1 Aug 80
1030

3 Aug 80
1000

Concentration, mg/f

Koo

2.45 13,000

2.23 12,800

1.94 12,000

2,14 12,000

Est. Accuracy of
Measurement t

Mean

Standard
Deviation

2,08 13,500

2,05 13,100

0,01  $100

2.15 12,700

0.16 600

. ) . .
Hg concentrations are in ug/f.

.

8042 _as
490 0.011

520 0.021
480 0.008
540 0.010
490 0.009
480 0,002
+10 £0,001
500 0.009

20 0.003

|

71

77

80

89

t1

o)

Ba Ca
0.82 126
0.56 59
0.40 42
0.49 25
0.40 19
0.37 23

10,01 1
0.51 49
0.15 37

.. 0.007

0.010

0.006

$+0.001

0.020

0.028

Cr

0.11

0.10

0.08

0.14

+0.01

0.13

0.06

Cu

<0,02
0,02
<°f02
<b.02
<0.02
<0,02

0,01

<0.02

Fe

6.35

1.60

1.30

1.40

0.45

0.35

10.05
1.91

2,04

*
Mg
<0.1

<0.1
<0.1
<0.1

<0.75

£0.05

<0.75

41.8 16.7

41.5 16,3

42.0 16.5
41,3 15.8
41.2 15.8
$0,1 0.1
41.6 16,3

0.3 0.3

0.20

0.08

0.06

0.02

0.0

10,01

0,08

0.06

8,750

8,950

8,600

150

8,850

350

0.016

0.002

0.003

S1 Sr

76 22,8
66  22.2
) 12.5
9% 8.7
65 9.1

53 9.8

0.03

0.03

'$0.001  £1.0 10.1 $0.01

0.006 72.0

14.2 0.39

0.005 13.0 6.0 0.42
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= 5 Spec:.f:.c Conductance 2

Measurements were made at various temperatures, as noted in F:.gure 12-33,
Believing that exsolving carbon dioxide was materially altering. the
measurement as the sample cooled, it was decided that speed was essent:.al
This led to temperature:variation: arising from somewhat different - :
:.n:.t:.al temperatures and unregulated per:.ods of coohng pr:.or to analys:l.s.,

e Alkalinity

v All samples were titrated to en end'point’ pH of 4.5, This end point
w0 was adopted due to problems: discussed in subsection 12.6.4.4.. The value
~. of 4,5 was selected on location and in- coordmat:.on w:.th Dr. B. E."

wion Hank:.ns of McNeese State Um.vers:.ty. x : : .

o S1l1con (Srlrca)

In the laboratory, elemental s:.hcon (81) was analyzed by atomic. absorp-' '
i tion.spectrometry (AAS) rather than using the proposed calorimetric ;
procedure for silica. (5102). The Si values in Figure 12-34 may be con-
verted to mg Si0p/ liter by multiplying by the gravimetric factor 2.14.
This yields values h:.gher than: those reported:in the field, because the -
o AAS method measures. Si-in all forms present, wh:.le the calorimetrxc
procedure only measures S1 m 8102. SN e ¥

[ B Banum

Atom.c ‘emission: in a: nitrous. o:ude-acetylene flame was used instead of
atom:.c absorpt:.on because of 1ts super:l.or sens:.t:.v:.ty. i

[ B © o

¥ Sulfate

—n

N

Because of the low sulfate concentrat:.ons encountered in the samples, a
o turbldl.metrl.c procedure was used :l.nstead of the proposed grav:.metr:.c
procedure. “ S TTa s e T ; . IR v .

e

' o Strontl.um

iy o i

| ] ‘ , Only lanthanum was added to the samples 1nstead of the suggested m:.xture»
: . : of lanthanum and potassium. This follows estabhshed IGT laboratory :

4 5 procedure. The analyses were checked usmg standard additions.

“"' ’ [E Potass:.um ARSI ]

Ces:.um was subst:.tuted for sod:.um because 1t has a lower 1onxzatl.on
£3 potent1a1 and, therefore, acts as .a so-called 1om.zat:.on buffer more

_,,

L

{ . i :
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readily. The need for any added reagent is doubtful, since the solu~

’tions contained 8000 to 9000 ppm of sodium as received.

B Manganese

Th1s element was determined d1rect1y by graphite furnace AAS rather

~ than by flame AAS after extraction, as the two methods have similar

sensitivities, and the former requires less effort.
12.6.5. 3 Downhole Samp11ng'

As previously discussed, two downhole samples were successfully collected

.from an unknown depth onJh1y28 1980, between the first and second flow -

tests.. One of these samples was_flashed on location on the day of col-
lection to determine gas—to-brine ratio. Liquid content of the sampler
was then analyzed using the same field and laboratory procedures as for
the surface brine samples. The second sample was transported to IGT's

.laboratories in Chicago and then flashed to determine gas-—to-brine’

ratio 8 days after collection. Brine analyses were then performed in
Chicago. )

Results of brine amnalyses for these two samples are shown in Flgure 12-35.
Some of the differences between analytzcal results for the two bottomhole’
samples are believed to be due to reactions of brine with components of
the sampler that was not opened until 8 days after sample collectionm.

The results are as follows:

e The increased Fe and H, in the sample opened in Chicago 8 days after
collection, as compared with the sample flashed at the well site, is
qualitatively consistent with chemical interactions between the brine and
the sampler. However, the details of this interaction are not fully
understood. The increase in Fe from 10.1 to 32.8 mg/l is one-half the
amount expected from the increase of 0.37 mole percent hydrogen if the
reaction were a clean acid-iron reaction. Additional hydrogen may

have been produced by the interaction of acid with other, more reactive
metals, present to a lesser extent in the sampler alloy.

e The increase in Zn content from 0.74 to 1.28 mg/l is believed to be
due to the high zinc content of the lubricant for the numerous "0"
rings in the sampler.

e The lower NH3 content reported for the sample opened in the field is
believed erroneous due to addition of insufficient HC1l to the brine sample
after removal from the downhole sampllng vessel.

o The differences in Ca and Ba concentrations is not understood. Since

sample collection depths are not known, any attempted explanation would
be highly conjectural.
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8-1)10 ‘
D«etigd _B

By 8 803 st

480

Ba Ca Pe - x'f 5 Na 8i- 7a

021 129 usoo 237 101 ass 152-?' 6.7 . s

e

-1 95 9,200 95 20,0 0.7,
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"12,6.5.4 Discussion of Analytical Results: Measured concentrations of
several species were constant within experimental uncertainty throughout
the test series and were the same for both surface and downhole samples.
For these species, the average of measured concentrations are believed
representative of the brine in the reservoir. These are:

Total Dissolved Solids
c1”

Ammonia .

S04

ot

Mg

Na

K.

Additional species for which analyses of surface samples gave consistent
results probably representative of the reservoir, but for which analyses

of downhole

volume are:

samples were not performed due to the limited downhole sample

Cr

Cu

$i07 (two samples only) ‘

Sulfide (two analyses, courtesy of USGS).

Analytical results for several species exhibited variations outside the
range of experimental uncertainty. The possible significance of each of

these in relation to reservoir properties and production is discussed below.

e Minimal

For these species, a monotonic decrease in concentration with time suggests

Significance

cleanup of material introduced by man. Whether any significant amounts

of the materials are produced from reservoir rock is questionagble, and the
concentrations shown in the tables can be regarded as maximums. These are:

Zn
As
Pb
cd.

e Possible Significance -

For these species, concentrations varied substantially with time, but the

levels observed may be significant in relation to corrosiom, scaling, or
environmentally acceptable brine disposal.
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'Concentratzons 1u surface samples declzned monotonlcally w1th time.
. However, the h1gh ‘concentration and- ‘Hy generation in a bottomhole
‘,sample suggests that corrosion of well bore tubulars may be the-
- gource. If the minimum measured concentration of 0.35 mg/l on
.+ the- last sample reflects a corrosion source, iron loss from well
" ‘bore tubulars would be ‘about 4500 pounds 1n 10 years of’product1on
ﬂ: at 10, 000 barrelslday._f,:,ﬁ,HA : . ; - )

After an initial decline, the concentrat:on appears to haxe 1eve1ed
out at 9*1 mg/l

-
s
]

Tl =

“Concentration declined with time to & minimum of about 0.02 mg/l.

Hg:

_ Six determinations showed less than 0 1ug/1 Whether the seventh
value of 0.75 mg/l is an anomaly or representatlve of production on
August 1, 1980 cannot be resolved .,

- S8i:

The laboratory: atom;c absorptlon measurement on six filtered surface
samples varied between .extremes of 53 and 96 mg/1 with no apparent
pattern.‘ The unfiltered downhole sample analyses yielded comcentra-
tions of 95 and 98 mg/l. Most of these concentrations are too high :
for all of the Si to be.in Si0s molecules: for which measured con-
centration is 110*10mg/1. Whether these h1gh values are due to
solids small enough to pass through a 0.45 micron filter or due to
silicon species in solution is an unresolved’ question.

==}

st

|

Ba:

>
I

[

f‘After the fxrst flcw test and the downhole sample collectxon, con=
_ centration: appears to have leveled out at about 0. 4+0.1 mg/l. How-
{'ever, this concentration is more than 100 ‘times greater than expected -
for equ111br1um at surface pressure 'and temperature with the S04 con—
. . centration of 500+50 mg/l Thus, slow buildup of barite scale on '
;H‘surface plumblng may occur durxng lcng-term product1on.

-

N
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Major Significance

_ The concentrations of these parameters and/or their variations are sig-

‘ n1f1cant for reasans of scaling or env1ronmental concerns.,

o:f:BorOn'} o
h,fAlthough the mesan total dissolved solids concentration of 23,500
ppm may be low enough to comsider surface d1sposal of the brlne
after dilution, the boron concentrations of 71 to 98" Ppm are too
high. Without massive dilution, concentrations would be toxic to
almost all plant life in the area if surface disposal was attempted.
e Ca't:
Concentrations of calcium differed between surface and downhole
samples by more than analytical uncertainty. In chronological
order, the concentrations reported in Figures 12-34 and 12-35 are:
ca'’ Concentration, mg/1
Date Time Surface Downhole
7/22 22:30 126
7/23 18:30 59
7/28 am 129
7/28 pm 196 -
/30 15:35 42
7/31 14:30 25
8/1 10:30 19
8/3 10:00 23
Sample gnalysis accuracy is believed to be IOi or better. Thus,
differences between measured concentrations are probably reflections
of operating conditions in relation to precipitation of CaCO3. Some -
possibly significant correlatzons follow: ~
- 'Bottomhole samples were collected before removal of any CO, gas,
whereas about 800 mg /1 of 002 was removed by the separator
Eaton Industries of Houston, Inc.
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;i .before collection of -surface samples.a :Additional CO2 escaped
-+ from -all samples during the delay between placing them in '
1»';plast1c bottles and thelr subsequent analyses.

- ﬁThe measured concentratxon of Ca has an 1nverse correlatlon

with: separator pressure at the time of sample collectlon. For
the last four surface samples that correlatxon 1s.

Separator«Pressure Ca++
12’50—‘.,,7, RIS 42 :
400 - 23
460 L. 25,
600 el 19

'Ti‘; Bottomhole lamples were not £11tered before analy51s whereas the

surface samples were ‘collected- through a 0. 45 m;cron filter.

F1nally, two analytlcal procedures produced w1de fluctuat1ona in results
3 due to problems in. 1mplementat10n of the procedures. -

Alkelxn1ty'~-'

Measurements reported as mg HCO3/1 vary from 1500 to 3500 mg/l for
surface samples. ' The behavior of the pH reading during the addition.

~of ‘titrant aliquots 1nd1cated that the samples were heavily. buffered.;
“This introduces some- uncerta1nty into the pH.value recorded for each

. -aliquot added and causes scatter in the. pH vs, titrant volume plot.

*.Another: complicating: factor was the relatively low alkalinity of the -

3‘ééExper1ments subsequently. conducted in_the laboratory in Chlcago indi-

sample. The total volume of titrant added: usually ranged from 0.8
to 2.0 ml. These factors combined to produce a plot in which the

discussions between IGT personnel ‘and Dr. B.E. Hankins on the loca-

-+ tion; titration to-an end -point- pH of b, 5 was . used by both IGT and

McNeese State Un1vers1ty.; v

cate-the presence of some wegk base 1n the brzne other “than' carbonate.

In these experiments, brine returned from the site in a pressure:
-yessel:was analyzed for total. carbonate and alkalrnrty., The alka~ .
: 1linity of the sample was. determlned on.a portion of the sample which -

had been neutralized with a known smount of strong base as it was:

released from the pressurized container,  This prevents any loss of
carbon dioxide through exsolution. The amount of strong base used

<‘:fls subtracted from the total amount determlned to be present in the

DOE CONTRACT NO.
DE-AGCOB-80ET-27081 " 3100 Edloe

Eaton Industries of Houston, Inc.
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‘sample, ' The results of these preliminary experiments. indicate that
“ the ‘sample contained 1,600 mg 002/11ter and had a total alkalinity
(i.e. due to carbonate and other basic’components) expressed as
2,000 mg 002/11ter. By difference the non—carbonate basic com-
“ponents in the sample are equ1va1ent to 400 mg COp/liter. -The
1dent1ty of this component 1n the brlne is presently unknown and
under investigation. PR <

e Total CO2:

A unit weight alkalimeter was used in accordance with prescribed
procedures. The scatter in Figure 12-33 reflects two problems that
stem from the low level of CO; in these samples compared with those
for which the procedure was developed. First, weight differences
had to be measured to milligram accuracy for apparatus weighing
more than 100 grams using a balance plagued by vibration problems.
Second; the amount of COy liberated was less than the volume re-
quired to displace air from the apparatus. To the unknown extent
‘that liberated €O, remained inside the apparatus, values in Figure
12-33 are low because the measured weight loss is low due to such
C0p. Also, it should be noted that COy released in this procedure
was generally less than the roughly 800 mg/l previously removed
from brine by the separator.

12.6.5.5 Modifications to Brine Sample Collection and Omsite Analysis
Procedures: Several modifications specified below are being adopted by
IGT for future tests of Wells of Opportunity. It is recommended that

they be adopted for all tests of geopressured geothermal wells, because

they do the following:

‘e Decrease field manpower requirements

e Provide consistent samples for each suite of field measurements to
be performed onsite using raw, untreated (RU) samples

o Prov1de increased accuracy without chang1ng the basic chemical
processes 1nvolved

In a form suitable for direct substitution in the procedures in Appendix:

J these changes are: (Note: Only procedures to be changed are listed.)

~"A. SAMPLE COLLECTION

The brine samples from the we11 will be collected in three
Teflon-lined stainless steel cylinders of 500-ml capacity. For

Eaton Industries of Houston, Inc.
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samplmg, “the cylmders mll be h.nked in geries to the samplmg
. port. An alternative method would 'be to éollect brine in one
“cylinder at a time. The cy11nders will be ‘flushed with several

volumes of brine to purge the air from the cylinders before the

.gample is taken. The valves on the cylinders will be closed, out-

let first, inlet last, to trap and seal the sample ‘under pressure.
The sample cylinders will be cooled to near ambient temperature

b iI:efore analysis, The pressure in each cylmder w:.ll be ‘maintained
‘unt:.l the sample is ready for analys1s. -

The three steel cylmders, (A, B, and‘c):,"of RU brine are to

.- .be used. for pH and specific conductance (Cylinder A), alkalinity
(Cylmder B) and for gas analys:.s, total dissolved €05, including
. carbonate and bzcarbonate species, end su1f1de (Cyl:.nder C).

Brine samples are also to be- collected in plast:.c bottles

 cleaned first thh dilute HNO3(1:5) and rinsed four times with

deionized water. = Brine collected in these containers will first

~be passed through a loose plug of glass wool to reduce or remove
0ily matter. The samples in these bottles ‘will be used for tempera-

ture messurements and for tests requiring raw acidified (RA),

fxltered untreated (FU) and f:l.ltered ac:l.d:.f:.ed (FA) samples.

Treatment L e Tests
- ', RU 'Z(‘Ravw’, untfeatEdL) . pE, Temperature Total Dissolved A

"'C02, Alkalinity , Specific
Couductance, Suspended Solids,
,Sulf:.de, Gas Analysis

- RA (Raw, ac:.d:.f:.ed w:.th 3 ml Ravd:.oectzvz.ty_‘ _

HNO3/liter)

FU (Filtered through 0.45 m mem Dz.ssolved Sohds, B Cl B F-, NH3,
brane, untreated) ; 5102 :

FA (F:thered through 0.45 m mem— ,:,As ‘Ba, Ca, Cd Cl , Cr, Cu, Fe,

brane, acxdz.hedthh 1:1 HNO3 ;'K Mg, Mn, Na, Pb, 804, Sr, Zn

~to a pH. of 1.5. " Note the
o amount of ac:.d used) R

7 TEST PROCEDURES FOR LIQUID SAMPLES

Use a pH meter with automat1c temperature compensation. Cali-
brate the pH meter with pH buffers of 7.0 and 4.0. Drain a

‘Eaton Industries of Houston, Inc. .
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. -portion of the sample from Cy11nder A into a begker and record
* the pH immediately. Do not stir the sample. The pH may

drift down, then up, as the solution exsolves COz, record

iv’,:the lowest pH readlng.

“Teggerature

,Record the f10w1ng brzne temperature and measure the tempera-

ture of the brlne in a. freshly f111ed bottle or contalner.

“§pec1f1c Conductance .

'”Use a commerc1a1 instrument ‘that has been ca11brated ‘with KC1

5a. .

5b.

DOE CONTRACT NO.
DE-ACO8-80ET-27081

at various temperatures for specific. conductance. Record
the temperature of the brine and the specific conductance in

. whos/cm.

Alkalinity

Pipet 50,00 ml of the sample brine from Cylinder B into a 250
ml beagker. Place the electrodes of a calibrated pH meter into
the semple and titrate with 0.02 N H,S0,. Add the standard
acid in increments of 1 to 2 ml st tﬁe beg1nn1ng of the titra-
tion and change the increments to 0.25 to 0.50 ml at pH = 5.0.
The "incremental volumes should be determined by the actual
titration and the speed with which the pH is changing. Ti-
trate the solution until the pH is 2.0. Tabulate values of
pPH and ml and determine the end point graphically from a plot
of pH versus ml.

Calculate and report the alkalinity as mg HCO3/liter. This

procedure determines the total alkalinity, including the por—
tion attributable to organic anioms.

Total COp

The brine in Cylinder C is used to determine total dissolved
C02 (dissolved CO2 and HCO3) after the gas has been flashed
off for GC analysis. The brine is drained from the steel
cylinder into a volumetric cylinder to determine the brine
volume for the gas to brine ratio., After measuring the volume,
the brine is immediately made .alkaline to phenolphthalein with

drops of 10 M NaOH (40 g NaOH to about 100 ml). - Transfer 50 ml -

of this solution to the carbonate train. Add about 30 ml of

‘Eaton Industries of Houston, Inc.’
' 'Eaton Operating Co., Inc.
) 3100 Edloe
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water, a,ci:idify‘with .30 to 40 ml éf 1:1 HC1, and purge the
C0, into the tared Nesbitt bulb with nitrogen for 1 hour.
_Reweigh the Nesbitt bulb for the weight gain due to CO2.

~ Report as mg CO2/liter.

10, sulfide

o ‘Ihe‘:remé_iﬁiﬁéiéllf{aiiney brine solution from Cylinder C is used
- for thel§n1fide‘detetmina;ion.  Use a specific ion electrode
~and follow the‘manufac’tnre'r?s‘itns;ructi,qns Mo o

1lf@f.wu L —

Note that the majority of changes are in sample collection and handling
of pressure cylinders. The only substantive change in .analytical proce-
dures is a procedure for total C02 analysis that bypasses the major
~_problem in applying the alkalimeter to brine samples with small CO2
. ‘content in relation to the samples for which the alkalimeter was developed.

.

'ﬂfﬁj“ﬁlf* 3

Despite the above-noted chamges, problems remain with the procedure for
alkalinity. A decision should be reached whether an automatic titrat-
ing apparatus is required, at a cost of several thousand dollars, whether
‘interfering species. such as phosphates and organic anions. should be

. identified, or whether the current uncertainty and gcatter in measure-

" ‘ments is acceptable. =~ ' N .

'12.6.5.6 Third Party Brine Sampling and Analysis: ‘Brine samples known
to have been collected by or for third parties are set forth in ‘the
sample log (Appendix L). The only third party analytical results pro-

. vided in writing to IGT at the time of this report are radicactivity

"~ .analyses by USGS and the two USGS onsite sulfide analyses previously
reported in Figure 12-33." =~ o e o

h

'An October 16, 1980, letter from Mr. Thomas F. Kraemer of the USGS

i Gulf Coast Hydroscience Center provided the following table of measured
6Ra content of produced brine. T : : L

_ e e ?26Ra Content of Produced
‘;lj Date Time = — . Brime, dpm/l =
722 10:55pm . 73
. “7/23 0 3:03am 64
s 7/29 11:30 pm 80
W 7/30 3:35 pm 65
) Y 84
| 8/2 . 3:38 pm . R -
- 8/2. . ~7:50 pm 82
- °.8/3  10:0em 75
E - 8/3 4:20 am 17
e : : mamm Eaton Industries of Houston. Inc.
£ DOE CONTRACT NO. ' _Eaton Operating Co., Inc.
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12.:7 ’ ~ SOLIDS PRODUCTION, SCALING, AND CORROSION

These topics are discussed together because the vast majority of solids

detected at the surface were precipitates of chemical compounds normally

found in scale. However, only a small fraction of such precipitates

actually bonded to steel in the form of scale. A substantial fraction
. of both precipitates and produced formation material passed through

the surface plumbing, through the 50-micron filter elements, and into
‘the d1sposa1 well. Quantitative data leading to thls observat1on are

presented in the follcw1ng subsections.

c o

12,7.1 Scéle and Corrosion Obsérvafionéyi : :“7' o o \

: Scale-corros1on coupons were 1nsta11ed in the data header between the
choke manifold and the separator. The coupons were weighed before and
. after test1ng. Scaling makes the coupons ga1n weight. Corros;oq has
~ the reverse effect. R

G S

After 4009 barrels of brine had been produced in the first flow test,
no scale was visible on the. coupon, but it showed a weight gain of"
0.0186 grams per 1000 baryels of brine per square inch of surface area.
Further, no indication of scaling or corrosion was found on visual in-
spection of the inside of piping of the tree, between the wellhead and
separator, or between the filters and the dxsposal well, It was decided,
therefore, that neither scale nor corrosion 1nh1b1tors would be 1n3ected
. for the remainder of the test.

After the fourth flow test, a second corrosion coupon was examined. It

had gained 0.0278 grams per 1000 barrels of brine per square inch., Further,
visual inspection of surface piping revealed uniform buildup of about
1/32-inch of scale on all steel surfaces downstream of the choke. In
‘addition, up to an inch of granular material was found in larger diameter
piping where flow velocities had been minimal. This additional material
was not cemented and not bonded to the steel.

Assuming that the surface piping -and vessels had an overall length of

200 feet and an average inside diameter of 4 inches, the internal sur- if

face area is about 30,000 sguare inches.: For the.weight gaxn exhibited L

by the second corrosion coupon, the total we1ght of scale is estimated

to be about 68 pounds. i
-

12.7.2 Sand Detector and Filter Pressure Drop

!

An 0IC Sand System, Inc. sonic sand detectowaas installed in the sur-
face data header between the choke manifold and the separator. The original

'} 1
-
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intent was to reduce the flow rate if sand\broduction were observed in
. order to avoid:-erosion of surface: piping.: There were 1o plans to -
’quantltatxvely measure sand productlon., :

In practxce, the onset of the sand detector s1gna1 was. at a very lowd
:sxgnal level. Charaeterlstlcs of the observed areas are as follows.

: Fxrst Flow Test" The s1gnal was about 102 of the: most sens:t1ve
‘scale for a l-hour period early in the: test.:: Sand:detector output then
remained at zero for 17 hours. Near the end of the first flow test, the

-:gand detector signal. increased from 10% to 15% of the most semsitive
scale and remained at that level for 3 hours. - Durxng this flow test,
the pressure ‘drop ‘across: the: sxngle filter chamber in use increased to

“only 5 psi.. - Inspectzon of ‘the small wellhead choke revealed a small
‘amount ‘of erosion. . The choke stem -and seat were replaced before the
-isecond flcw test.;. SR e U IR ) S

e Second Flow Test'h'Afcoestahttsignaluof ahout 4% of the most sensitive

- scale was ‘recorded for the first 13 hours of this test. - Sand detector
-f?°output then dropped ‘to ‘zero for about 13 hours. Sand detection then began -
‘again-at.:about 5% ‘of ‘the most. sensrtlve scale and slowly increased for
the next 8 hours to 8% of the most sensitive scale at the end of -the second
flow test. At the begxnnxng of this test, pressure-~drop acrosg the filters
‘rapidly incredsed to 30 psi.- This is presumed to be-partly due to washing .
s of 'sand onto :the : filter at the:higher flow rate.: The pressure drop de-
creased during the remainder of the test to a time value .of 28 p81. Peri-
ods of increased production rate correlate well with fluctuations in
~u';bottomhole and wellhead pressure but poorly with detector output. It
.. gppears that the flow:.rate increases were due more to opening of additional
'“:perforatlons ‘than “tochoke ‘erosion after sand reached the surface. Choke
‘erosion probably did contribute to the in¢reasing flow rate observed dur-
. ing this test.~ The choke stem and seat were replaced before the third

L flow test.5

' Third Flow Test: During the firet’é hours of the 15,000 barrel/day
portion of this test, the sand detector signal increased smoothly from
15% to 30% of the most sensitive scale. The signal then decreased to
about 20% of this scale when separator pressure was increased from 460
psig to 600 psig. After reducing the rate to 9500 barrels/day, the

sand detector signal remained constant at. sbout 10% of the most sensitive ‘f

scale. During the 8 hours of. production at maximum rate, the single
filter previously in use reached its maximum rated pressure drop of 50
psi. The two additional filter chambers were placed in operation, and
pressure drop across the three filters again increased to 30 psi by the
time flow rate was reduced to 9500 barrels/day. Filter pressure drop was

_ e e — Eaton Industries of Houston, Inc.
DOE CONTRACT NO. B Eaton Operatmg Co Inc

DF-ACO8-80ET-27081 AT 3100 Edloe -
Houston Texas 77027
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about 38 psi at the end of the flow test. Filter elements were replaced
before the fourth flow test. Choke equipment replacement was not re-
quired azfter this test. This is presumed to be due to the larger open1ng
for hxgh rates allow1ng passage of graxns w1thout erosion,

® Fourth Flow Test: The sand detector ontput was between 5% and ISZ of
the most sensitive scale throughout this test. Variations in amplitude

rcorrelated w1th changes 1n separator ‘pressure.

The test began w1th a s:ngle new f11ter chamber'an line. - Pressure-drop
across ‘that filter increased to only 5 psi during 16 hours of production
at ‘a separator pressure of 530 psi. During the 5 hours after reducing
separator pressure -to 400 psi, pressure drop across the filter increased

to 37 psi with no ichange in flow rate. . The subsequent increase in .produc-

tion rate from 6,500 to 11,000 barrels/day was accompanied by rapid in-
creases in pressure drops across the filters. The test was terminated
after ‘all three filters reached the maximum rated pressure drop of 50 psi
in 2=1/2 hours.  Since the detector signal increased to only 10% of the

" most sensitive scale, the rapid accumulation of solids on the filter is

presumed to be due to washing of accumulation :from surface p1p1ng by the
h1gher flow rate. '
V1s1b1e-choke erosion did not occur during the fourth flow test. 'Also,
inspection of surface piping plus subsequent pressure tests provided no
indication that erosion had occurred due to solids production.

o Sand Detector Chart Interpretation: After the test, calculations were

performed to estimate the quantity of sand produced from the sand detector
record, Figure 12-36 is a tabulation of the data and the calculation per—

‘formed to estimate sand production. Total estimated sand production is

220 pounds, This value has a large uncertainty because the sand detector
signal is rate sensitive, and fluid velocities in the data header were low
in relation to optimal detector operation. Also, the detector is semsitive
to flow line noises other than those caused by sand grain impact upon the
detector. - :

Eaton Industries of Houston, Inc.
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FIGURE 12-36 Sonic Sand Detector pata Calculations’
v F}ow Rate(Q) Fluid Veloeity fthverage Sonic Sand '; Sand Production
Date - j‘ BWPD o Lo Ft/Sec Detector Readin B

7-29-80 - - 7,000 »_2;‘-‘;: 5.7
7—31&80 e 8, 460,."f 6.9

7-31-80 15 567 L 12,67

a-z-so 5.63

'6_.«.924

8—2—80 “:3;63  {f7”" -

8-5-60 1500

Fie

Sample Calculation'v w"

_ sand Production lbilpay

(For Data on 8-6—80)

206 x 13

c= 11 90 1bs lDay
157

Time of Sand

Production Hrs.

1,8,,0,,_3*: :
1300
20,0

120

0.5

 Actual Sand

::Production Lbs.
47.3°
‘25.1;
36.0
65.0

_45.5

i Total 218.9

25

Note;; A physical measutement of . sand production for the data poiqt ‘on 8-6-80 indicated an actual sand production of

0.65 1bs. of sand versus 0.25 lbs.ﬂcalculated from the. sand detector data.»




12.7.3 Solids Production Test

On August 9, a fifth flow test of 4 hours duration was performed at maximum-

flow rate to provide additional understanding of solids production. The
well was initially flowed at a metered rate of 6500 barrels/day through
the separator to the disposal well. The rate was then slowly increased
to 15,000 barrels/day through the separator. . Flow was.then diverted from
upstream of the separator to two 220=barrel open~-top steel tanks. The
indicated wellhead flow meter rate increased to 18,500 barrels/day of
two-phase flow. During 30 minutes, 385 barrels of br1ne were produced
and flowed into the tanks.

The brine was slowly drained from the tanks, after which a total of 36
pounds. ‘of scale, sand, and tank rust was recovered from the bottom of

the tanks. This is 93 5 pounds of solids per 1000 barrels of produced
brine. ' : B ‘

After ‘collecting small mixed samples for laboratory analysis, the 36
pounds of solids was treated with concentrated acid to remove carbonate
deposits. Liquid was then slowly poured off the residue and a small
amount of rust was magnetically removed from the residue. After oven
drying at about 300°F, only 0.65 pounds of fine formation sand remained.
Thus, the sand portion of solids collected in the tanks was only about
1.8%. '
While the 220-barrel tanks were being filled, the sand detector signal
was 15%2 to 20Z of the most sensitive scale., This is near the maximum
value observed during any of the fully instrumented flow tests. Inter-
pretation of the sand detector record using the same procedures as pre-

viously discussed for Figure 12-36 indicates production of 0.25 pounds
of sand to the tanks in contrast to the 0.65 pounds measured.

12;7;h Analysis of Solids Samples

Three categories of solid samples were collected during the test series:

1) suspended solids trapped by a 0.45-micron membrane filter while
collecting brine samples.

2) scale from various points after the fourth flow test, and

3) sludge from the separator after the fourth flow test plus from
: the 220-barrel tanks after the solids production test.

Each of these are described in the following subsections.
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12.7.4, 1 Suspended Sol1ds From Filter Paper. Results from X-ray diffrac-
tion analys1s of suspended solids trapped on the 0.45-micron filters are
shown in. Figure 12-37. ' These qua11tat1ve results are consistent with -
quantitative conclusions drawn from ana1y313 of ‘scale and sludge samples.
The significant point to be made from data in Figure 12-37 is that the
relative sbundance of barium decreased during the, test series. This
probably indicates a decreaSLng fractlon of res;dual drzllzng mod. in.

the produced £fluids, - e T LI

12.7.4.2 Scale Analyses: -After the fourth flow test; no scale was up~
stream of the choke on the wellhead. However, scale samples for snalysis
were obtained from several points downstream of the choke. Scale samples
were analyzed in accordance‘With the following procedure:

K Perform X-ray dlffractlon analysxs for mxneral 1dent1f1catzon

' Analyze a port1on of each sample for carbonate by evolution of COj
with ac1d and subsequent trapping.of COp on Ascarite

e - Filter the acxdrc solut1on and then analyze the f11trate for Na, Ca,
Mg, Ba, and Sr - '~

| o fRe-examine the-filterable*aolids'by X-ray diffraction.

Results of the two eray d1ffractxon analyses and of the analyses of
filtrate are given in Flgure 12-38 : :

Calculatxons were made uszng the five measured ‘cation concenttations in an
attempt to form a mater1a1 balance for the solzd ‘material. Assuming the
calcium and magnesium to be present as carbonates, the others to be
present as chlorides, and including the acid insoluble residue, approxi-

) mately 96% of the material could be accounted for in these samples. Com—

parison of -the determined CO0y from the carbonate analyses and the carbon
dioxide calculated from the assumed. ca1c1um and magnesium carbonates showed
¢lose agreement, ‘indicating that the scale was primarily calcium carbonate.
The calculated COz evolution and the calculated mater1a1 balance are shown
for each sample in Figure 12-38.- :

12.7.4.3 Sludge Analyses: Samples of sludge, in contrast to cemented
scale, were obtained from the filter elements and from the separator
vessel after the fourth ‘flow test. - In addition, sludge was collected
from the two open 220-barrel tanks after the solids production test.
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Figure 12-37

'Coﬁposition Of Suspended :Solid;s Samples By
'~ X=Ray Diffraction ‘ o

Q_Séﬁplé Date R Identified

' and Time Compounds¥
23 July 80 BasSOy
0530 NaCl
" 29 July 80 Bas0,
2330 §i0p
CaC03
' 30 July 80 NaCl
1535 BaS0y4
. §i0y
CaCO03
31 July 80 NaCl, Si07
1535 BasSOy
CaC03 .
1 Aug 80 NaCl, §i09
1000 Bas0,
CaC04
3 Aug 80 NaCl
1200 Bas0,
CaC04

* Elements and compounds listed in probable order of

decreasing abundance. Those on the same line are

approximately equal,

Ref. 43742

> 43864-43869
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:’.FIGURE ;12_-38 ANALYSES OF SCALE SAMPLES cox.LE'cm-Auc.’.a,' 1980

. ‘analysfs of Acid Solution |

c’e‘gtzyatibn wt % _Residue Total

Samplé Deécr .

G Calulared _we} w3

0.

between

Separator § 1 41,1 . 40,9 .18 97,8

er of decreasing sbund

g a8 Catb_otggggé

Calculdted based u on Ca.and Mg as carbonates plus Na, Ba, 'S

i1 41,2 406 .85 96,7

3.8 96,9

8 . 740 85.9
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Several gallons of sludge were recovered from both the separator vessel
and the filter housings. Analyses of samples from these sources are
included in Figure 12-38. The material caught by the 50 micron filters
was primarily carbonate precipitate and was similar in composition to
the scale samples. In contrast, the sludge from the separator was 74%
acid insoluble residue produced from the reservoir rock. This large
difference in composition apparently reflects washing of fine graim — -
and lower demnsity solids from the separator by flowing brine so that
only the larger sand grains remained.

2 . "

12.7.4.4 Grain Size Distribution of Solids in Sludge: Grain size dis-
tributions were measured for solids recovered from the separator and
from the open tanks used in the sand detector test. The data obtained
are shown in Figure 12-39,

Interpretation of the sludge analysis data in Figures 12-38 and 12-39

Plus the reported 1.8% sand content of the sludge from the solids produc-
tion test requires careful attention to details of sample building and
analysis for each test or analytical procedure. The major point is that
very harsh acid treatment is required to determine carbonate content by
C02 evolution. For the analyses in Figure 12-38, each sample was boiled
in concentrated (“6N) HCl to ensure that all carbonate mineral was reacted
and that all C0, was evolved and recovered. In contrast, sample prepara-
tion for grain-size distribution measurement of residues involved treatment
with IN HC1l at room temperature. A further complication is that the
Coulter counter used for particles smaller than 50 microns could not be
meaningfully used on "as received" samples because of reactions between
the solids and the electrolyte in the Coulter counter.

With these details in mind, the significance of the grain size distri-
bution measurements for each sample is discussed below:

e Sludge From Separator

The harsh acid treatment for carbonate analysis left 74% insoluble residue,
whereas insoluble residue for grain size distribution measurement was
95,1Z. It is therefore apparent that the abundance of large particles in
the "as received" sample is a reflection of carbonate cementation of
smaller grains. Microscopic examination of a 3/16-inch diameter pellet
from the separator revealed loose carbonate cementation of a large number
of small grains of formation material. The very high visible porosity

of this pellet leads to the belief that the cementation resulted from
carbonate precipitation in the produced stream.
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FIGURE 12-39  Screen Analysis of Solid Materials From Wainoco P.R. Girouard No. 1 Well Before .and After Treatment
With Dilute Hydrochloric Acid and X—ray Analysis of the Sub—75 Micron Material : o :

Fraction Larger Than Effective Diameter of Screen, Weight Percent ‘
: SRR ‘ ‘ T edrovard Sand

‘ s : . L . e T e Tl B R . Test: 8-7 80
Screen .. 8ludge From Bottom - - Deposits From = o oo o '":, . v 'Resulting Sand
Effective /- of Separator “Outside of Pilter = .- .. o from 10 lbs,
Diameter : Do 8-4-B0 . Elements 8-3-80 ,~vl3”h’~ 8—7-80 ' " Material Acidified
Microns As. Rec'd Acid Insol, As Rec'd "~ Aci Insol.;ﬁ # As Rec'd Acfd Tnsol. “As_Rec'd
1,700 27,3 0,0 0.7 0.0. 0.0
1,180 9,5 0,4 1,2 0.0 . . 0.0
850 6.1 1.6 1,0 0.0 <0,1
600 7.3 3,0 1.2 - 0.7 0.2
425 C6.7 344 o P B B 59 B9 o004
300 6.6~ 4,8 2.1 . 1.6 e B ¥
210 " 4,6° 5.6 3G 2,0 ©2.5
150 3,2 5.6 - 8b 2,5 1643
106 2,7 5.3 18.8 5.2 22,3
75 TU2,60 5,0 "31.7 6.7, 29.4
50.8 (23:4) 15.0 *(30.2) . 9,4 28,4
40.3 - EEP ‘8.9 T 4.7 5.4
32.0 ! 10,3 6.8 21,7
25.4 7.6 8,6 . © 0.9
20.2 5:7 9.5 0.5
16.0 3.9 8.1 0.3
12.7 3.3 7.1 0.2
10.1 2,7 6.3 10,2
8.0 2.5 6.0 0.1
6.4 2.6 5.9 042
5.0 1.6 4,2 0.1
4.0 1,5 3.7 <0.1
X-Ray ¢ BaSO4 510, . 810,
Analysis Ll 510,

Material as?fé&ei&eﬁVWas ecid insoluble residue.

T mictons, results are from Coulter counter. Particles <4 Q microns .yere not included in normalization of

these resulta.& As Received samples were ‘not analyzed by Coulter Countet.

From 50.8 to 4.0




e Deposits From Filter

.The harsh acid treatment for carbonate analysis by CO evolution resulted
in 2.5% residual solids. In contrast, sample preparation for grain size
distribution measurements left 39Z residual solids. This large difference
leaves a question as to whether the larger particles in the grain size :
distribution were the result of some residual cementation. Nevertheless, -
it is apparent that more than 60Z of the material caught by filters was
carbonate, rather than sand or shale from the formation. Further, more
then 20% of the material recovered from the filters had a grain size of
less than the nominal filter opening of 50 microns. This is presumed
to reflect a decrease in the effective opening by filter loading.

¢ Sludge From Sand Test

Collection of these samples involved bypassing of the separator, filter.
bousings, and the majority of surface piping . The material collected
from the 220-barrel open tanks is believed representative of total produced
solids. The sample of material received as acid insoluble material is a
~portion of the 0,65 pounds of sand from treating 36 pounds of slude with
~ concentrated hydrochloric acid plus some nitric acid. Separation of
liquid and solids during and after acid treatment of this material was by
pouring, rather than filtering, with associated loss of fine-grained residue.

Another sample from the 36 pounds of sludge was treated with 1N HCl and
filtered for grain size distribution measurement. It has 12.1% residue

in contrast to 1,82 from the harsh acid treatment and separation by pouring.
This grain size distribution is believed to be most representative of
produced solids. It reveals:

= About 90% of solids have a grain size of less than the nominal filter
opening of 50 microms

- More than 85% of produced solids are carbonates

_ = More than 50% of produced acid insoluble particles (sand and shale)
probably have diameters smaller than the nominal filter opening of
50 microns.

12.7.4.5 Discussion of Solids Production: The totality of analytical
- data previously reported has been used to develop an estimate of solids
production and ultimate disposition. One possible scenario is the fol-~
lowing:
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e The solids product1on test to open tanks revealed production of 93.5
pounds of solids per 1000 barrels of brine. ~Assuming a'uniform ratio of

_, solids to brine, the total productxon of 37 000 barrels would have been
“.accompanied by 3&60 ‘pounds of solids. e

. The “total solids were roughly 902 carbonate prec1p1tate. Thus, the

" gpproximate weights of "sand" and prec1p1tates produced were 345 pounds
-~ of sand and 3115 pounds of carbonates. ' S ST

] An 1ndependent estxmate of carbonate prec1p1tatxon is made poss1ble
by the difference of sbout 110 to 170 mg/l observed for the Ca** concen-
tration in downhole and subsequent surface brine sample analyses. This

- difference translates to 3170 to 5400 pounds of CaCOj precipitate.

o Total weight of Scaleladbetinglto-sutface pfpinggand'vessels was.

'preV1ously estimated to be about 68 pounds on the basis of corrosion .
' weight gain and an estimated surface area of 30,000 square inches. Since

harsh acid treatment left only about 2% reSLdual material, this scale’ is
estimated to consist of about 6 pounds of "sand" and 62 pounds of car—
bonate ‘precipitate. ‘It therefore ‘appears ‘that ‘only about 2% of :the-

5:est1mated total carbonates became scale on surface fac111t1es.,

Several gallcns, or roughly 100 pounds, of sol;ds conta1n1ng less

’1;than 25% carbonate were found in ‘the seéparator. -Thus the amounts of "sand"

and’ "prec1p1tate" in the separator were roughly 80 pounds and 20 pounds,

respectzvely.,_r“

‘e ' The filter hous;ngs are est1mated to: have collected about 200 pounds of -

solids, of which 2.5% to 40% was acid soluble. ' Thus, the filter housing
contained roughly 40 pounds of sand and 160.pounds of carbonate precipitate.

e Combining the above estimates leads to the ‘conclusion.that about 120
pounds or 1/3 of about 350 pounds of total produced formation material was

;_caught by the separator and-filter. Szmzlarly, only :about ‘185 pounds, or
.0, 5% of carbonate precipitdte remained in surface facllltxes as. scale,
p;separator sludge, and f11tered resldue. S » PR

-

Sol1ds 1nJected 1nto the d1sposa1 well appear to have consisted of

;fabout 220 ‘pounds ‘of sand and 3000 pounds of carbonate precipitates. It
~ 'is possible that some of the estzmated carbonates rema1ned in solutzon in
‘:;the dlsposal aqu1fer.! ‘ STl e ERLT Dok R

The above estxmated d1sposxtzon of solids is summarlzed -as follows. -
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Estlmated Product1on and D1spos1t10n of Solids

7 bisgosifion ' k Format:.on Mater:.al—Carbonate Prec1p1tate, 1b.
- Scale I - w" - 6  1;_‘ » .62 . s
- Sludge in Separator cr e 80 200
Trapped by Filter &0 , l 160
Injected to Disposal Well 220 3000

: Total Producuon ’ SRR 346,_ S e 3242 -

For total brme product:.on of 37 000 barrels.

12.8 .- Test Equipment Performance and Problems

’ 12 8.1 Choke Manifold

The four—inch Gray choke manzfold was . too large for proper control of
start-up and shut~in at rates below 10 000 BWPD. The choke manifold had
been built originally for another GEOi test vell (Tenneco Fee) and was
designed for flow rates in the order of 40,000 BWPD. It was necessary
to use the back-up chokes on-the christmas tree to control the main flow.

‘The four-inch choke was then used to place back-pressure on the flow line.

Since flow was choked at the christmas tree, fluid in the flow line
between the main choke manifold and the wellhead was not representative
of fluid at tubing conditioms. A smaller two-inch choke manifold will
be fabricated for use on future Eaton WOO tests.

12.8.2 Camco Turbine Meter

The Camco three-inch turbine meter did not. agree with the Halliburton flow

meters, which had been calibrated with known volumes of water. Part of
the problem may have been the two-phase (gas and water) flow through the
meter. The Camco electronic readout unit was replaced with a Halliburton
readout unit, which improved the quality of:the readings, but the meter
never agreed with the calibrated separator meters. Since the Camco meter

was used only to approximate flow at. start-up times, the production tests

were not affected by the accuracy problem. More testing should be con-

ducted with the Camco meter in order to determme its merit as a metering

device for GEO2 wells.
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12. 8 3 Wireline and Lubricator '

:Reservcur Data, Inc.expenenced problems while trying to return the
“original wireline cable back into the well for bottomhole sampling

operat:l.ons, “after the end of the first flow test. Leaks could:not be

i corrected in the lubricator. 'The cable and lubricator were returned
‘- to RDI's Houston operatumal base where examination of the wireline
“‘révealed that ‘the cable was worn and several strands of" wire were

broken and frayed. * The worn wireline resulted in leaks'in the flow -

‘tube ‘seal section of the lubricator.  No lubricator leaks were ex--

perienced during the remainder of the tests; however, the replacement.
wireline had manufacturing defects. The new cable had:-internal separatioms: -

causing loss of signal from the Hewlett-Packard downhole pressure gauge.

The second cable was replaced by another new w:.relme.' No problems were

' expenenced w:.th the th:.rd wxrel:.ne. o

It was later learned that the frayed w:.relme had been used to run a;
~-ftub1ng cal:.per survey in: the Pleasant Bayou Well No. 24 a0

"12 8 le Hewlett-Packard Downhole Ptessure Gauge , a :

Ty i)

f‘-The Hewlett—l’ackard pressure-sensuzg :.nstrument performed very we11
.surface computer software programming problem, experienced when the Hewlett—

Packard gauge was lowered.into the well, was: quickly corrected by RDI.

The switching mechanism,for converting from-.-pressure readings to tempera—
ture readings and vice versa failed to operate during the initial run into
the well. No further attempts were made to run ‘dual pressure and tempera~-

: 7ture sens ors. -

= «:“12 8 5 Bottomhole Flu:.d Sampler

" The ‘two’ Gearhart-Owen downhole fluid. samples were - obtamed at unknown

depths due ‘to internal failure. " The failure process involved an explo-

"f"s:.vely driven cutter, rupture disk: and rupture-disk "0" ring. The "0"
-ring failed:and allowed brine:to’ ‘enter the air-filled space ‘around.the
- 'detonator. The rupture disk failure prevented the detonator from
- firing and resulted in premature filling of the sampler. Gearhart-Owen

Industries have successfully redesigned the sampler .in. October, 1980,
The rupture disk has been replaced by a small diameter geal pin. The

. ‘seal'pin assembly is ‘held in place by shear: pms designed to hold over
40,000 psi of ‘fluid pressure below: the-seal pin. 'The: holding pins are

sheared by detonating a small black gunpowder charge to activate filling
of the sampler. . .
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12.8.6 Separator Stability

The separator performed very well in general; however, when production
rates reached 15,000 BWPD large oscillations in separator pressure were
experienced.: The problem was solved by replacing the 3" water .
dump*valve seat with & 2~inch seat. Stable separator operatxon was then

achieved, but the reason for the initial oscillations is still not clear.
Scale bulldup was observed in the 3-inch valve seat when it was removed,

and this or sand production may have been respon51b1e for the erratic:
operatlon of the dump valve.

112 8 7 : Choke’Erosion

The sta1n1ess steel tapered stem t1p of the ‘adjustable choke, on the
wellhead, was found to be scarred and slightly eroded upon inspection at
the end ofithe-first flow test. The stem was replaced prior to the
second flow period. At the end of the second flow test, erosion of the
stem tip was again observed. A third stem was installed prior to the
third flow test. The third stem did not show signs of erosion during
subsequent flow tests. The erosion of the first two stems may have oc-
curred because of the high pressure drops and close spacing of the tip to
the seat at small settings. At high flow rates the pressure drop across
the choke is low, and the space between the stem tip and the seat is
relatively large, allowing passage of sand grains without erosiom.

12.8.8 ~ Filter Plugging

A substantial portion of scale-forming precipitates and produced formation
material passed through the 50-micron filter elements and into the disposal
well. Considerasble filter plugging was observed during the third and
fourth flow tests. More than 60Z of the material caught by the filters was
carbonate, rather than sand. More than 20%Z of the material recovered from
the filters had a grain size of less than 50 microns. Replacement of the
fiber filter cartridges during long term production periods on a well

such as the ‘Girouard No. 1 would be expensive and not practical. A self-
cleaning 5-micron filter system might be more cost effective.

12.8.9 = Analytical Balances

"The Arbor Model 1262 automatic balance used initiaily in the field was
sensitive to vibrations and electrical power fluctuations om the location..
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‘McNeese State University loaned a Mettler analytical balance to IGT,

allowing many successful analytical procedures to be performed in the
field. The Mettler analytical balance is less affected by vibration

and electrical power fluctuations than the Arbor balance.
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13.0 - - PLUG AND ABANDONMENT

'13,1 , Plugging of Test Well

The test well was k111ed on Angust 7, 1980 by pumping 109 barrels of 17.3
ppg mud down the tubing. Initial pump-zn pressure was 6,500 psi. Final
shut~in pressure on the well was zero ps1.

A workover rig was moved on the well on August 24, 1980. The christmas
tree‘was,removed and blowout preventers were installed on the $-5/8 inch
casing head. An attempt was made to squeeze the perforations through the
production packer. The packer leaked and 225 sacks of cement were Spotted

~on top of the packer.

Wh11e pu111ng out of. the hole, the well started to flow, The mud was
‘circulated to get it in balance at 17.5 ppg. Some cement was carried up
 the hole during the circulation operatioms, and it was necessary to drill
out ‘the cement in order to set a cement retainer in the 7-5/8 inch liner.
The well "kicked" while drilling cement at 13 500 feet and was killed
with 18.5 PPE mud

i

A cement retainer was set at 12,409 feet and 420 sacks of cement were
pumped into the well. The 9-5/8 inch casing was then cut at 2,917 feet.
The casing would not pull free and was cut at 3,024 feet. The casing-
still would not come free, so it was then cut at 5 feet. The casing slips
were removed, and' the remaln1ng 9-5/8 inch casing was then pulled out of
the hole. ‘

:i:f:i:

A cement retainer was set at 2,000 feet in the 13-3/8 inch casing, and
cement was spotted on top of the retainer. A cement plug was then spotted
at the surface, and the surface casing and drive pipe were cut off 4.5
feet below ground. level,

The workover rig was released on September 17, 1980,

13.2 -mm» of Disposal Well

“A workover r1g was not required to plug the disposal well since a tub1ng
string was not in the hole, and all cas1ng was cemented in place. The
plugging procedure consisted of pumping 500 sacks of cement down the hole.
‘The drive pipe, surface casing and 5-1/2 inch casing were cut off 4.5 feet
below ground level. The abandonment work on the disposal well was completed
on August 8, 1980, ' o

i
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14.0 CONCLUSIONS

Data obtained dur1ng testxng varied from expectations in several instances.
The listing below compares pre~test projections with actual field measure-
ments.

Pre-Test Actual Data.

- Item k _ ' Expectations Measurements
kO:igina1~Reservoir Pressure 13,226vpsia 13,203 psia
Original Reservoir Temperature 256°F 274°F
Salinity 36,000 ppm 23,500 ppm
Gas~To-Water Ratio 42 SCF/BBL 40 SCF/BBL
v~ReSefvoir Sizek o 3,520 Acres. 305 Acres (minimum)

The measured reservoir temperature was 18°F higher than a corrected elec—
tric log temperature. Two observations support the 274°F value. First,
calibration of the downhole sensor was verified against a laboratory ther—
mometer by immersing both instruments in boiling water on location. Second,’
observed surface temperatures as ‘high as 253°F were measured while flowing
at rates in excess of 10,000 BWPD. Since individual flow durations were
less then 1.5 days,. a 20°F temperature drop in the fluid on its way up

the well bore would be expected. The implication here is that log tempera=—
tures and current correction methods are subject to errors greater than

7Z.

Total dissolved solids were 23,500 ppm compared to the 36,000 ppm salinity
anticipated from log analysis. Electric log derived salinities are sub-
ject to errors from such factors as incorrect or variable mud filtrate
information. The state of the art of log salinity derivation methods needs
to be 1mproved

The gas-to—water ratio was lower than expected. Laboratory recombination
studies conducted by Weatherly Laboratories, Inc. indicated that the satura-

 tion value was asbout 44.5 SCF/BBL. It appears that the reservoir brinme

is possibly undersaturated with gas. (See page 124.)

The reservoir appears much smaller than originally anticipated, although
the limits of the reservoir were not found during drawdown flow tests.
The reservoir is projected as a much smaller one because flow test data
indicates & pinching out of the sand formation relatxvely close to the
well itself.

- Eaton Industries of Houston, Inc.

DOE CONTRACT NO. - Eaton Operating Co., Inc.
DE-ACO8-80ET-27081 3100 Edloe

Houston, Texas 77027
{713) 627-9764 171
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16.0 -  TLLUSTRATIONS

Photograph No.

1.

2,

3:. .

9, -
10, <
13,0

14,

15._, o

16,

DOE CONTRACT NO.

DE-ACO8-80ET-27081

'Chrlstmas tree, flowllne, choke manlfold and
- data header. e B P

f;;lower left, - -
UOverall v1ew of test equlpment.
ACloseup of chrlstmas tree.v Note secondary adgustable

‘choke at top . center.;ﬂ,us

. rig=upi on test well.

‘ngh-pressure flow meter, safety by-pass system,

‘SubJect

‘Testzng in progress.v'ﬁeii prodacing 600,000
M.j<standard cubxc feet of gas per. day. g

Chrlstmas tree and work platform.

Mathleu R1g No. 16 perform1ng completlon operatlons
on test well.

Sxde view of locatlon. Note "k111" line to cas1ng at

Reservoir Data Inc. w1re11ne equxpment,pr1or to

'.jCa31ng head as 1nsta11ed on. 9-5/8 inch casing..

Pressure-rellef and choke 11nes are at upper right.

" Pneumatic safety. shut-ln valve: with nltrogen supply

11ne.

H1gh pressure samplxng block used for performlng
experiments at wellhead conditions.

and "Y" block with flow loops.. .

.- Gray. . -:4—1/16 inch‘high.pressure choke manifold.

‘;Choke man1fold and data header.

Data header w1th safety pllot. Sand, scale, and

corroSLOn data are obtalned here.

‘wThree-phase separator w1th 20 000 BWPD capac1ty.

' Eaton Industries of Houston, inc. ™

Eaton Operating Co., Inc. )
Houston, Texas 77027
. {713) 627-9764
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Photograph No.

Subject

17.
18,
19.

20.

:21;7
22,

23.

24,

25.

26.

27.

28,

29.
30.

-31,
. 32.

33?.

DOE CONTRACT NO.
DE-ACO8-80ET-27081

Valves are used to divert flow from data header to

separator, pit, or to disposal well.

Air compressor system -used: to supply air pressure
to operate separator coutrol values.

L1qu1d level s1ght glass located on the side of the

- -geparator. - -

Separated gas flows through a 2=-inch line pipe manifold.

Closeup of temperature and pressure record1ng instru-
ments and gas flow control value,

Water metering skid with: dual turbine meters, calibra-
tion connections and water flow control valves.

Ground view of water metering skid.

Water leaving the metering skid enters the filter umit
at lower right.

Water flow control valve located on metering skid.

Digital turbine meter recorders located on metering
skid.

View of location from far side of reserve pit.

Three tower water filter unit. Each tower is designed
to filter up to 20,000 BWPD.

Pressure safety sensor located on filter umit.
Water leaving filter unit enters the disposal well.

Manual safety shut in control point with nitrogen
supply bottles.

Disposal well with pressure and temperature recording
instruments.

IGT strip chart data recording pamel.

IGT work table and computer modules.

Eaton Industries of Houston, Inc.
Eaton Operating Co., Inc.
. 3100 Edloe
.Houston, Texas 77027
(713) 627-9764
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35.
36..

3',7 .

38,

DOE CONTRACT NO.
DE-ACO8-80ET-27081

Photograph No.

IGT chemistry lab.

_ IGT. chemist obtaining a fluid sample.

Gas being flared at the rate of 600,000 standard cubic
feet per day. :

.Approximately 6,700 BTU of heat energy are being

generated every second.

Eaton Industries of Houston, Inc.
Eaton Operating Co., Inc.
3100 Edtoe
Houston, Texas 77027
(713) 627-9764
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Testing in progress, Well producing 600,000 standard cubic feet of gas per day.
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Christmas tree and work platform.
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Mathieu Rig No. 16 performing completion operations on test well.

3.

181
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4. Christmas tree, flow line, choke manifold and data header.
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S.

Side view of logation.

Note "kill" line to casing at lower left.
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7.

Close-up

of christmas tree. Note secondary adjustable

choke at top center,
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8. Reservoir Data, Inc. wireline equipment prior to rig up on test well,
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9., Casing head as installed on 9-5/8-inch
at upper right.

casing,

Pressure relief and choke lines are
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10. . Pneumatic safety shut-in valve with nitrogen supply line,




11, High pressure sampling block used for performing experiments at
wellhead conditions, :
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12, High pressure flow'meter, safety by pass system and "y" block with flow loops.
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Gray 4-1/16~inch high pressure choke manifold.
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14. Choke manifold and data header.
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15. Data header with safety pilot. Sand, scale and corrosion data are obtained here.
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17. Valves.are used to divert flow from data header to separator, pit, or to disposal well
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18,

Air compressor

system

|

used to supply air pressure to operate separator control valves,
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19.

Liquid level sight glass located

on the side of the separator.
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20, Separated gas flows through a 2~inch line pipe manlfold
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21,

=

Close-up

of temperature and pressure recording instruments

e s i

and gas flow control valve.
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Water metering skid with dual turbine meters, calibration connections and water flow
control valves,
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23. Ground view of water metering skid,
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24, Water leaving the metering skid enters the filter unit at lower right.
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25,

Water flow control valve

located on metering skid.
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.27, View of loéation from far side of reserve pit. I



28. Three tower water filter unit, Each tower is designed to f11ter up to 20,000 BWPD.
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Pressure safety sensor located on filter unit.
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30. Water leaving filter unit enters the disposal well,
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33, IGT strip chart data recording panel.
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IGT chemist obtaining a fluid sample,
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37. Gas being flﬁred' at the rate of 600,000 standard cubic feet per day.




38, Approximately 6,700 BTU of heat energy are being geherated every second.
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APPENDIX A

OPERATOR AND LANDOWNER CONTRACTS

Eaton lndustriés of Houston, Inc.

DOE CONTRACT NO. : -~ Eaton Operating Co., Inc.
DE-ACOS8-80ET-27081 3100 Edloe
Houston, Texas 77027 217
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.

WAINOCO OIL & GAS COMPANY CONTRACT
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Mey 1, 1980 .
Wainoco 0il & Gas Company
Two Allen Center .

EATON OPERATING COMPANY, INC.

1200 Smith Street, Suite: 1500 =

"Houston, Texas = 77002

Attention: Mr. Lamay Frazier

Res Waiinbéo 1 J. Therence:

Section 10-T11S-RSE.

Girouard .

: na-ffaye'ttze VE’arish»,-» LbuiSiﬁna

Gantlemsns

This letter, if accepted by you and two signed copies thereof ‘are ‘returned.

to us by May 9, 1980, shall constitute the basis: of an agreement between

' Wainoco 0il & Gas Company-

as to ‘the following matters.  ~

o

Sk

et i

(Vainoco) end Eaton Operating Company, Inc. (Eaton) -

A.  .Eaton ‘,j'is;jav_p-aiztft:ojf'asgéonﬁga‘ct;with{fthe,,' United ‘States government

represented by the Division of Geothermal Energy; Department of Energy S
(D.0.E.), to carry out: research, field testing and. evaluation of well sites ' -
'in Texas - Louisiana Frio-Miocene trend where reservoir and production data

"can be obtained to assess the energy potential (dissolved gas and heat) of

Gulf Coast geopressured-geothermal aquifers.

15,700 feet and has electe

d to plug the well as non-commercial.

't | B.: - - Wainoco has »d:ﬂ; ed: the above #eferenced well to a total depth of

Eaton is of i;.hé' opim‘.'or‘r,tli"a,t; the subject well qualifies as a well of oppor—
‘tunity candidate within the definition of the Eaton~D.0.E. contract, and

: )JHF " Eaton recommends a production test of one or more aquifers within the well.

‘bore. for D.O.E. approval, sponsorship and sole financial support.

A.  Eaton shall b‘ei responsible for:

PHONE 713-627-9764
TWX:910-881-1793
EDEC-HEC-HOU

3100 EDLOE. SUITE 205
 HOUSTON, TEXAS 77027

U.S. DEPARTMENT OF ENERGY

CONTRACT NO.. -,
221

DE-AC08-80ET27081



" Wainoco 0il & Gas Company

May 1, 1980
Page Two

1. Obtaining all federal, state and local governmental: permlts re-
quired for such operations. )

. 2. Providing insurance coverage through the length of the testlng and
research, at limits of $40,000,000.00 liability and $25,000,000. 00 cost of
well control ,

3. Providing- well test data 1nformat10n to Wainoco at the conclusxon ’

4. Assumption of all liabilities associated with furtherxoperaticqs_of
test. S : : e :

5. Eaton would pay Wainoco. the sum of $95, 000 in cash as a fee for

 use of the well bore.

6. Eaton will drill a salt water disposal well near the well in questlon
to dispose of all brines, flare the gas, if any, and plug the well on completion
of the.test. All of this shall be accomplished by methods approved by the
appropriate regulatory agency. !

7. Eaton would agree to complete the testing and research inm approx1-'
mately 180 days. '

B. Wainoco shall be respomsible for:

1. Wainoco shall be the sole corporatlon liable to fairly and equitably
distribute the payment to any other working interest partners, if amy, and
Eaton and D.0.E. shall be held harmless from such distribution if any, by
Wainoco.

Iv.

This letter agreement does not convey to Eaton any ownership interest in the

land, nor does Eaton have any vested interest in any mineral or energy resources
produced during any of the tests, and it is expressly agreed between Eaton and
Wainoco that no mineral or energy resource will be saved or sold.

v.
Eaton shall be furnished the complete name (or names) and address (or addresses)

of the fee owner and mineral owner, if not the same, and it is agreed that this
agreement shall be of no force and effect without the informed written .consent

_ of said owner.

VI.

" Eaton hereby agrees to indemhify and hold Wainoco, et. al. harmless from ANY

eand ALL claims for injury or damages the cause of which may occur in connectiom

222 -
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| 'Wa1mOoco VUil & uas Uompany . -

Page Three

 with Eaton's operatron of the said we11 11m1ted to $40,000 000 11ab111ty

—and. $25,000,000 well control as prov:.ded through insurance coverage as
decribed in section III-A-2.

viL.

Eaton further expressly states that any and all portions of thls agreement

" shall be subject to. the approval of the D.0.E. and should said agency disapprove
any: of this agreement in whole or in part, then thls agreement shall be null

and: void.
E VIII.

Whenever’notlce is- requlred or: permatted under the terms’ of this agreement,

- game: shall be in writing and shall be deemed to have been given if sent by
jtelegram, cert1£1ed or reglstered mazl ‘or.. del1vered by hand addressed to’ the

respectlve parties as follows::

If to Wainoco: : 4 a5 Warnoco 011 & Gas Company

S e T e ‘ -’ Two Allen Center
1200 Smith Street, Sulte 1500
vHouston, Texas 77002

1Qﬁa;Attent1on: 'Mr:’Lanny'Eraz1er'
,;Teiephone: 7137658—9900 :

If to Eaton: :;i ";_‘f, Eaton Operating Company, Inc.
.. .. .o ... 3100 Edloe, Suite 205
Houston, Texas = 77027

Attention: Mr. B. A. Eaton
Telephone: 713/627-9764

‘. IXI'

- Thzs agreement shall be bznd1ng on the legal representatxves, sucoessors, and

asszgns of the partles hereto.

Attached. hereto are the follow1ng documents rncorporated by reference here1n
as: set: out. and marked as Exhibit: I and Exhlbzt II.

If the: above conforms to your understandlng of the agreement between us, please
sign: and return two copzes,to us: in the time speclfaed above. .

Tkl e T
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' ‘Wainoco 0il & Gas Company

May 1, 1980
Page Four

Sincerely yours,

EATON OPERATING COMPANY, INC.

T LT

“B. A. Eaton
President and Project Manager

ACCEPTED AND AGREED TO THIS ___ 2nd

1980.

WAINOCO OIL & GAS. COMPANY

DAY OF ___ May _

~Leonard K. Bray, 4.and Manager .

ACCEPTED AND AGREED TO TEIS
1980.

GRAHAM ENERGY SERVICES, INC.

By,

% - Wainoco's acceptance is subject to the
-Conditional Letter of Acceptance dated

May 2, 1980, attached hereto.
DAY OF

1980.
ENTEX, INC.

ACCEPTED AND AGREED T0 THIS _ /¢~ DAY OF Mé;;/

s

r~ -
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L Wainoco 011 & Gas Company
. May 1, 1980
- Page Five.

- ACCEPTED AND AGREED 10 THIS . DAY OF | o

MISSION RESOURCES

.

o ,ACCEPTED AND AGREED TO THIS DAY OF
1980, -

- WAYNE E. GLENN ASSOCIATES INC.

a By

Sl AN
-
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‘ AGREEMEHT‘WITH MR.. PAUL. RAY GIROUARD

ﬂ

Eaton Industries of Houston, Inc.

.

DOE CONTRACT NO. Eaton Operating Co., Inc.
DE-ACO8-80ET-27081 3100 Edtoe
Houston, Texas 77027 227
(713) 627-9764
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EATON OPERATING COMPANY, INC.

— r:*(" i salth

7 Ty 54,“"1§8“0'

‘Mr. Pau‘ Ray Glrouard
P. 0. Drawer B
Broussard. Lou1s1ana 70518

“R Wa1noco 011 & Gas Company #1 J. Therence G1rouard b2
.Section 10-TI1S-R5E - BT S L
Lafayette Par1sh, Loulsxana

Dear‘Mr. Glrouard.;,«
Eaton: Operatlng Company, Inc. (herexnafter referred to as "Eaton"), a
~ Texas Corporation, isia: party {to g contract: with the Department of: Energy
- (hereinafter referred to:-as “DOE") which calls: for "Eaton" to carry out:
research, field testxng and. evaluetion of well sites in the Louisiana =
Texas Gulf Coast area where reservoir 'and production data can be: obtalned
to assess the energy potent1a1 of the. Gulf Geopressured-Geothermal AquLferse.
,"Eaton" is seeklng well locatlons which zf they are: nottpresently produc—
~_tive of oil or-:gas, ‘can-be ‘taken over for ‘a- short: test- when the operator
has: made the declslon to: plug and abandon suoh a well. : e

Under our—proposed operatlonal plan, "Eaton" would take over the #1 J.
‘Therence Girouard Well from the operator, Wainoco 0il. & Gas Company (here-
inafter referred to as:'"Wainoco"), use the present drill site and roads;.
use the existing well bore site to perform precise temperature, pressure
and’gas contact measuremeuts at various flow rates, evaluate same and make.
written reports to the DOE. Samples will be collected for analys1s of the:
reservoir conditions. Any produced salt water will be reinjected through -
a salt water disposal well drilled:on- the site: At the. conclusion of these
" short tests, "Eaton" will plug and abandon the well and disposal well in
accordance with the Loulslana Office of Conservation rules and: regulations
and ¢lean up the site. All of our ‘operations will be under the control of
the Louisiana Conservat;on Comm1ss;on -and all other state agencxes havxng
Jurxsdxctxon. : P : ;

o]

"Wainoco" has informed: "Eaton" that they have made a dec1sxon to plug and
abandon the #1 J. Therence- Girouard Well and accord1ng1y suSpend from any
further productxon. L b e AN o <

\

-

. PHONE 713-627-9764 : U.S. DEPARTMENT OF ENERGY
TWX 910-831-1793 3100 EDLOE, SUITE 205 CONTRACT NO.
EDEC-HEC-HOU - © - HOUSTON, TEXAS 77027 - DE-AC08-80ET27081
. 229
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Mr. Paul Ray Girouard
May 5, 1980
Page 2

Subject to the consent of the Lessors, "Eaton" has expressed the desire.
to take over the said well bore site from "Wainoco" and conduct testing
operations. "Eaton" agrees it w111 complete the tests, plug the well
and clean up the location site wi ' XY

is-exocuted, vé)jg } °

"Eaton" shall have no rights in the lease, in the land dnd minerals or
any product1on attributable thereto. As stated, this is strlctly a
research project of the geothermal aquifers.

"Eaton" maintains insurance coverage of not less than Forty M1111on

Dollars ($40,000,000) liability and Twenty-Five Million Dollars- ($25,000,000)
control of well coverage and "Eaton" will agree to assume full 11ab111ty

£or operations w1th1n this coverage. :

SubJect to DOE approval, "Eaton" is willing to pay you the'sum.6£f$20,000;-
for the right to conduct said operations. In addition, "Eaton" will be
responsible for any and all damages resulting from the operations. . Further-
more, you: would be furnished a copy of the results of the tests when this-
information is available. If you are w1111ng to assist in a vital energy
resource assessment, which at this: time is of the utmost 1mportance to our
national interest, it would be appreciated if you would give your consent
to our use: of the well for proposed: operatlons.

Your consent may be given by signing and returning two (2) copies of this
letter in the enclosed stamped envelope. Upon receipt of your signed letter,
we will forward a check ‘to you. '

Yours very truly,

EATON OPERATING COMPANY, INC.

 BA ETn

B. A. Eaton, President and Pro;ect Manager

CONSENT FOR EATON OPERATING COMPANY, INC. TO CONDUCT SAID TEST IS HEREBY GIVEN.

_ EXECUTED THIS DAY OF ~, 1980.
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APPENDIX B

RIG CONTRACTS:

..

Eaton Industries of Houston, Inc.

C

! DOE CONTRACT NO. Eaton Operating Co., Inc.
DE-ACOB8-80ET-27081 3100 Edloe : ,
- Houston, Texas 77027
(713) 627-9764
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CONTRACT WITH MATHIEU DRILLING, INC.

ot

=

Eaton Industries of Houston, Inc.

|

DOE CONTRACT NO. Eaton Operating Co., Inc.
DE-ACO8-80ET-27081 3100 Edioce
Houston, Texas 77027 233
{713) 627-9764
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P ISISIZrsers
B vl am '

'COMPLETE DRILLING RIG:

DERRICK

" DRILLING, INC.

L[~ 2204 Justice, Monroe, Louisiana 71201

ASSOCIATED EQUIPMENT ON RIG: - '~ . . L |
132 Ideal, 13,500", 4%" DP Derrick, equipped with

2

N »
.

R"g ‘711 6 B
- "MR. JOE"

12,000 Ft. Unit-15, powered by Cat Diesel

2 Booms Cat Line Sheave, lay down line sheave, 1

_rotary crown equipped for 8 line operation, 1 dead e
- Tine stabilizing unit and racking board, complete =~ ©
~with stand pipe.. Ladder from rig floor to crown with

2 rest areas attached to derrick, water table with

~safety hand rails surrounding crown assembly.

'SUBSTRUCTURE
* DRAWWORKS'

""" engins equipped with gauges and necessary equipment <

617,000 1bs., gross nominal. capacity.

 12'x22'x52", 1,000,000¢/cap. mud matted.

UniigYS,dréwwétksﬁw$thaParker$bérg 15" (triple) R
hydromatic brake. ' Compound equipped with 3~ -

8 . caterpiller diesel engins, 330 horses each. AIl

. for-operation.. Drawworks and rotary table driven
‘throughjaLtpque*COnvérted'COmpound.

ROTARY TABLE
BLOCK AND HOOK

SWIVEL
' TONGS |
ROTARY HOSE
CCLOSING UNIT
‘TQRQUE INoicATpR S

0flwell 21" with Bass Ross Model #2RCH bushings
j‘}1fNA£{ohéi'ésdfffs‘Shé3vé blocks éQuipped with BJ

4200 hook. . . ..

| 55—G*5¥:3094T§n N |
s ®
7 w5f£é §{§{pé'3nx55.<,;; NP
;Igt’;S{éwérf;stéVé“;dhsCrémotéAéﬁd.éeniraT -
bt Decker T L

O oMSCO Su"xa1' L
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ASSO»IATED EQUIPMENT ON
RIG: RIG 16 :
page 2.

PUMPS

© LIGHT PLANTS

WEIGHT INDICATOR
FUEL TANK

WATER TANK

DOG HOUSE

DRILL PIPE
DRILL COLLARS
KELLY BUSHINGS .
CAT WALK

PIPE RACKS
DRILL LINE
DESANDER

SHALE SHAKER
MUD TANKS
B.0.P.

'CHOKE MANIFOLD
PUMPS (Water)

AIR COMPRESSOR

© MUD MIXERS SYSTEMS
KELLY SPINNER

DRILL PIPE SPINNER
TOOL PUSHER QUARTERS

236

- shelves, drawers, storage cabins and heater.

‘Cont1nental Emsco F-650 powered by two V- 12 G M D1esels

rated at 525 H.P. each. Air clutch drives w1th capability

- of 'single engine performance.

“'Cont1nenta1 Emsco F-650 with V Belt Sheaye compound Drive

Two 200 KW Kato generator powered by 8- 71 GM D1ese] w
engines

" Martin Decker Clipper AATS

One -9000 gallon tank skid mounted
One 9000 gallon tank*skid mounted

7'x8" x34' with 12 Tockers, know1edge box, benches,
Skid mounted

on master skid with 7'x6"'x8' tool storage house and 7'x8'x10"

~ ‘covered area for light plant.

"11,000" Grade E Drill Pipe

Ten 6%'x2%"

5%" Vecco

58'x7'11" comp]etevwith Vedoor and headache post
Eight 4'x42"x26' triangle pipe racks

1 1/8"x5000" drilling line

Sweco 2x8" Cone Unit with electric power unit

'Bréndt - Double Decker

Three 40'x8'x5' with lightning agitators and jets

10" Doub1e4witthydri1pripe and blind rams with
closing unit. Series 1500 HS trim. Hydril.

.2 1/16" Manual adjustab1e 1500 Serijes, HZS Trim

Two 2x3 electric dr1ve centr1fuga1 pumps

Two 175 CFM compressor - Qne e1ectr1c, one d1e5e1 powered
Two -6x8 Centrifugal pumps -
Internationa] Tool Co., Forward/reverse
Spinner Hawk Weatherford-Lamb 2 7/8" - 11" 0.D.

Elder International 10'x42' 2 BR w/office.
225
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DATA ON EQUIPMENT 10 BE USED ON THY JOB

Mathleu Dr1111ng, Inc.
: Company_'

" May 9 1980

Date

‘Rig and equipment to be furnished by Subcontractor. (To be completed by prospectiva bidder.‘ Awatd of Subcon- fi
:rac: is subjec: to rig inspection.) ' : )

Subcontractor's Rig Number.i

_Rig #16 "”MR; JOE!

‘D'awworks. .

Unit - 15-A

Enf'ines-wurber, Make, Model and }{P' :'Cat D1ese1 (3;,; 3406 - 330 H P, (ea )

Slush P““PS'Make, Model, and size: "(2)' F=650 Tr1p1ex7ii .

Auxiliary Pump and Power°

. (2) 5 x‘6fRuGentr1fuéa1§7lld

'Derrick or_ Mast-hake, Size and Capacity.v Idea ii?i : :j‘ |

Subscructure-ﬂeight and Capacity. 5 12! X 22'°X 52!;k"1,000,000/¢ag§gitv’

Drill Pipe-Sizes and Amounts}

11,000", 4-1/2" Grade E

Dprill Collars-sizes and Numbers: S ‘(10)“641/2".X:2—1/29

Mud Pu"p-GPM and PSI'

: _uzll .

Centrifupal Pump for Water Transfer-Size’ ete.. 2(2x3)

Blowout Preveﬁters-?ower Actuated: . 10" series 1500 (2) Rams, Shaffer (bag tyEe)

e

RN

H S trlm, 80 gal clos1pg un1t . _
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" CIP-04.. - MUD PROGRAM .-

7 CONDITIONS AND TLCHNICAL PROVI IONo,; .

cTIifbi JuT 'Lo,CA‘ribi{'_f s

iWell Name: and Numbcp 7 Nb.ZIIJJ Therence Girouard ' __ County
 State - Louisiana = S Field'Namc v “Cade - - __~ Well Location gndt

Land Description

"JCTP-OZ B COMMBNCEMENT AND COWPLETION

" The Subcontractor shall compleLe mobilization within £1ve (5) calendar days after
-~ the date of receipt of Notice to Proceed and shall complete the entire work under .

the Unit Price Schedule  approx. 45 8 days after the date of receipt of Notice
to Proceed The. contract conpletlon date will be extended by the amount of time

- spent on, Contractor-Dltected Operatxons and Standby, to the extent that is deemed

~neccsoary .
CTP-03. ls'rA"rizmmiffv'6til—i;ibzili'5
‘A, General Descrxptlon of Work The Subcontractor s work consists of furnlshlng

all personnel, equipment, naLerlals and serv1ces, and supp11cs as spec1f1ed hexeln,
for conductlng the followlng work o .

‘W:~l;; Run\thbing aﬁ&.qdﬁﬁlete;téét Qelltv ; 1~"fo
2. wDiiilféhaxcoﬁﬁféféwaigpbsal well.

B, Minimum Equ1pment and Servlres.3 The mxnlmum equlpment, ‘ac111t1es,‘serv1ces,
‘and- items- requxrcd to -complete ‘the work is specified in CTP-07. All contractor-

furnished items will ‘be delivered to and plcked up fxom the drill site by others.

- The minimum- equipment- and services designated to be furnished and opcratcd by the

Subcontractor w111 be at no additional. cost to the Contract01. ‘ .

C.’ Uorkweek and Pcraonncl chulrcment The: Subcontractox shall furnxsh minimnn .
five- man'qualificd drilling crev,” 1nclud1ng toolpushcr, to maintain a 24-hour- da/,

‘,7~day week opcnatlon.

i . :; e s s e s o
5.

Contractor agrees to £u1nxsh all mud add1txvos aud chemxcals and‘will arrnnge ‘to
purchase- all necessary. cngineering scrvxccs. Mud program-will ‘be designed as’
dictated by hole conditions.
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" CTP-05. STRAIGHT 1OLE SPECIFICATIONS
. Y

Except as authorized by the Contractor, the maximum allowable deviation >
is not to cxceced one degree per 100-feet and not to excced five degrees total depth.:

. CTP-06.  PROPOSED CORING PROGRAM

None planned.

CcTP~07. MINIMUM EQUIPHMENT AND SERVICES

240

Trucking service and other transportation,
hauling or winching services as required to
move Subcontractor's property to location,
rig up Subcontractor's rig, and remove all
of Subcontractor's property from location.

Drilling bits, reamers, stabilizers, reamer
cutters, and other drilling tools as required.

Fishing tool services and fishing tool rental.
Derrick timbers.

Normal strings of drill pipe and drill collars.
(Sece Items No. 43 and 44)

Conventional drift indicator.

Earthen mud pits and reserve pits.

Steel mud tanks if required.

Necessary pipe racks and rigging up material.
Normal stérage for mud and chemicals.

Necessary spools, flanges and fittings to
comncct blowout prcventers.

To Be Provided By -
And At Expense Of

Contractor Subcontractor

XX

XX

XX

XX

XX

XX

XX

XX

XX

XX

of the hole.

CTr o [“f“:(im*fft "

r

- o e

gt

£

-
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12,

13.

.

: jrequlrement.
15.
16,
17.

18.
19.

20. '
- and thtlngs. o ﬁ;aw.tw

21.

22.
23,

S o4,

25+
26.
=
28,

‘rlg requlrements.

Furnish ‘and maintain’ adequatc roadway to

location, rights-of-way, including r1ghts~

p}of-way for fuel and water lines, river B
~crossings,. highway cross;nb, gates and cattle

guards.

Staked 1cve11ed and compacted locatlon, ‘

,1nclud1ng eath p1ts., .

Rat and mouse holes to meet subcontractor s

Test tanks w1th'pipe:ep5wfittings{

Sepsratorfwith pipe~ao&€fittings;

ZLabor to connect and dlsconnect Subcon—‘
tractor s mud tank, - o .-

Labor to. d1sconnect and clean test tanks
and separator BTN S :

Drlllxng mud, chemxcals, lost c1rculatxon

: materlals and other addltlves.

A11 tubular goods, mlscellaneous 11ne plpe

All testlng tools 1nclud1ng 1nflatab1e
and retrlevable packers : . :

-Spec1a1 tools, ca31ng scraper, etc.

Spec1a1 mud pump capacxty in. excess of

W;rellne split and conventxonal core
barrels and wireline core catchers:

" two ‘each ten-feet long split core barrel; : L
~one each twenty~feet long conventxonal o
”barrel.,_ R

"Convcntxonal core’ blts barrels and- catchers.

CQment and cementing serv1ce.,;J

Logg1ng scrv1ces.v AR

'"To Be Provided By
And. At Expease of

Contractor

- XX

Subcontractor

XX

XX

XX

XX -

o

XX

XX

e;,,xx,

XX

XX

‘D'mmon'd "‘w-:.‘re“l'mef"core,'b:.:‘ts, e TR R N/A Lo

XX

241



To Be Provided By
And At FExpense Of

mﬁmﬂt

Contractor Subcontractor

29. Dxtectxonal, caliper, or other spcc1a1 _ .
services. R . XX

[

30. Gun or jet‘ﬁérforating services. : XX

oty
!
l ~

31. Core boxcs, wrapplng °upp11es, and storag

facilities. . ; XX -
32. Formation testing, hydraulic fracturiﬁg;A o E;
acidizing, and other ;elated services. XX ~
733; EQuipméht for drill stem testing. . - 4 E;
34, AMudebggiﬁg Servicés.i v - ' XX
" 35, “Sidewall Coring Services. . .' | VXX

36. Welding Service (Brcept for Subcontractor s
equipment). ‘ XX

37. . Casing, tubing,. liners, screen, float
collars, guide and float shoes, and
associated equipment. XX

38. Casing scratchers and centralizers. XX

39. Wellhead and connections for all equipment
to be installed in or on well or on the

{
— o e

premises for use in connection of well. XX
40. Water at Source and Water Hauling Service. XX
41. Water storage tanks 1000 gallon capacity. ' - XX

42. TFuel and lubricants for Subcontractor's
" equipment. Contractor to reimburse
Subcontractor for diesel fuel in excess

of .0 per gallon.

&

43 Drill pipe. Other tham 4-1/2"

e

r—

&4, Drill couats. Other than 6-1/2" : XX

\

45. Handling Lools, clanps, etc., for each
drilling assembly. (Other than subcontractor furn1shed) XX

|

46. Weight indicator. XX

'4
£ -

2642 4

r



47.

49,
50:

s3.
4.
55.

ST |

58,

60'
6.1.

- 62,

66.

Al
»

R andlE ani N sadl e
o 'L“‘ -

48!; ‘

51,
52.

7Cas1ng tools." 5

- 56..

59..

63.
4.
1 65.

Ifyappllcabic,‘drlll'plpé protectors for A‘;,‘f’m

Kelly joint ‘and each JOJnL of drill pipe"

~ running 1ns1dc)o£ casing for use with-
',normal erlngs of dr111 plpe

AutomaLxc drlller (Optlonal)

Mater1a13“£op;"box1ng,1n rlg»nnd dgr;iék;‘j

‘Conventional core barrel.
Drilling recorder-minimum.2-pin.

Extra7léboryfor¢running-and,cémen:ihgﬂcésing.r

.

Runnlng of cas1ng-conductor e e

.iRunning of casxng-surface

Running ofrca51ng,protectlon, if app1icab1é.V’

,‘.‘ f

Runﬁiﬁg of cas1ng 11ner, if appllcable
Power ca51ng tongs | V ‘
Tubxng tools.' :;"7

Power tublng £§hg; lifff1

Swabbxng un1t w1th swabblng llne ; .
Swab

Swab. luﬁfiﬁgtor

Swab rubbers.

Light plant-adequatc capac1ty for nxght-tlme:,’i J 3

operatlons, Subcontractor requxrcments." N

To Be Provided By

And At Expense Of

Contractor

Subcontractor’

' X

WA

XX

XX

XX

X%

57.,Running'offcasiﬁg pfodﬁction,vlf app11cab1e.f‘ b e

S kxfi»

XX -

Cxx

XX

XX

XX

,'~xx;‘i* :
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67.

- 68..

69.. o
. hauling water within two miles of work sites.

70.

7.

The above uubcontractor designated items are the minimum acceptable requirements
for the Subcontractor drilling equipment.

list of items to be furnished by the Subcontractor.

Dr111 rlb—mlnlmum fallxng 1500 rotary rlg or

approved cqual for continuous wireline corlng '

and drilling to + 1500 feet.

Two adeqdatc.bircuiiting pumps and adequate
mud mixing pumps.

10607ga110n water truck with driver for.

‘Minimum_of~one two-way communications system.

IADC.Daily Dr1111ng Report, Bit Record and

Tally Forms.

To Be Provided By

And At Expense Of.

Contractor Subcontractor

N/A B
XX
N/A
XX

‘This is not intended to be a complete
The Subcontractor is required

to furnish all drilling maintenance tools, materials, and equipment not herein

designated, but which are normal components for a complete drilling rig required .

for drilling and testing operations described in these specifications.

CIP-03. UNIT PRICE SCHEDULE ITEMS DEFINED

Paragraph headings in this Speciai Condition correspond to items of .the Unit Price
Schedule.

1. _Mobilization.

bly.

location and rigged up ready to spud.

the above mobilization work under Item 1 of the Unit Price Schedule.

2.

but are not limited to:

Contractor-Directed Operations. .

The Subcontractoxr shall move in and rig up his equipment, rig

up any lower-tier Subcontractor's equipment, and pick up first drilling assem-
Mobilization shall be considered complete when all the equipment is on

The Subcontractor shall be paid for

Operations under this category shall include,
Contractor-furnished surveying, plug backs, drilling,

coring, rcam1ug, hydrologlc testing, inserting and retrieving casing, placing

cement and regaining lost circulation.
by the Contractor.

All operations will be done as.directed
All vork on an hourly rate basis shall be performed with a

full complement of operating personnel and at the direction of the Contractor.

If it becomes necessary to shut down Subcontractor's rig for repairs while
performing work on an hourly rate basis, Subcontractor shall be allowed: compen=
sation for such yepair time at the applicable hourly rate.

The number of hours

devoted to repair work for which the Subcontractor may be compensated shall be
limited to an accumulated total of 12 hours for cach 15 day period.
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”»"’canﬁractor~dircctcd opcrations»will be. paid. for’Itcm'OZ.;of thorUnitfPricefSchcduic.

',) “ 7 all operations: nnd standby in.a ready’ cond1L1on., A full complcment of pvrsonucl
“and equipment shull be: maanalncd at the:work site rcady to-rcsume opecrations.
“immediately.  Operations under this catcgory shull include- Gcophysxcal Logyang,
& »CcmonL Nardening Time, or. any operatzons not’ chU1r1nL the use of rig engines
“Uor drill assembly. Standby ready time w111 be pa1d undcr P 03 o£ the Unit.

clé _ifﬁ:‘ Prxce Schcdulc.

E; : '3;*~nStandbv Roqu thn dxrchcd by Lhc Contractor, Lhc SubconLructor shall cease.
L

:

4. ;Demob1117atxon Upon complctlon of Lhe work under thls Subcontract, the Sub—-
¢1 - contractor: shall remove all-rubbish and -debris from the drill site and shall
,.EJ o remove all of ‘his, ‘equipment within ten. calendar days.: The Subcontractor. w111 ,
‘ © ' not be responsible for levelling. the work site or dralnlng and backfllllng pxts.
~Demob1112at1on will: be pald under Item 04, of the Unit Price Schedule.

~ CTP-O9 ’ choans AXD OBSERVATIONS

-fProvzdlng ‘the’ follow1ng records and. observatlons shall be a part of the Subcon-
-‘tractor 5 general respons1b111ty £or whlch no add1t1onal payment will.be made. e

1. ‘_A Dally Dr1111ng Report shall be kept on the IADC OfflClal Standard Dally

o ‘Drilling Report.: The Unit Price Schedule quantities. for. pay est1mate purpose
‘will be taken from the IDAC Daily Drrlllng Report. The: general remarks .
section: shall .contain:an accurate record. of hole condltlons, work’ performed
and time: required . for all work to-the nearest. quarter-hour. ‘The. orlglnal and-
two copies of the Da;ly Dr1111ng Report shall be subm1ttcd to the Contractor

or his authorlzed reprcsentatrve.

. B1t Records shall be ma1nta1ned dally and postcd in’ the doghouse.i A complete"j

1 © . bit record shall be furnished the Contractor at. the. cowpletlon of "a”hole.-

.{J R Records: must show bit ‘types,. sizes,. fOOtages, deptbs, rotary- speeds, b1t
'we1ghts manufacturer, and ser1a1 number.; R : :

-Accurate P1pe Tallies: shall be the Subcontractor s responsibility and shall be
available at the drill site for 1nspect1on at all times. Copies of steel tape
easurements of dr111 plpc and cas1ng shall be furnlsned by the Contractor.

”':"

.
-

' crr~1o 'f sussuxrAcn INFORWATIOV

f; N B The subsutface 1nformat1on and data furn1shed boLh in. Lhesc specxflcatlons and
‘j , R at :the Contractor's: office are.mot. 1ntended as rcpresentatlons or, warrantxes,b‘;

‘;;but ‘are. furnlshcd for 1n£ormatxon only

.

[; 2. It is nntlcxpated that the 1n£ormatxon contalncd hereln gencrally represents
the conditions that will be encountered in the performance of the Subcontract,f”

) PR however, any interpretation or conclusion reached by the Qubcontractor in pre~

f\ o parlng hls Unit. Pr1cc Schedules:- w111 be his solu rcspoas1b111ty N
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-CTP-11. ACCOMMODATIONS

The Subcontractor will be required to make his own arranrvmontu«thh his ecmployces -

.for housing and fceding. The Subcontractor may Yocate toolpusher's houue Lraxlcr
near the drllllnb locatlon, as dcslgnatcd by Lhc ConLrncLor.‘ :

CIP-12.  DERRICK MISALICIMENT

If ~at any time,.the Subconrtactor s derrick becomes m1qa11&ncd over a hole, thc
Subcontractor shall be required to commence rcalignment ‘operations within eight
hours of the misalignment. If such misalignment occurs ‘as the result of fault

or negllgence ‘on -the part -of the. Subcontxactor, the Subcontractor shall rcceive -
no compensation ‘for the time or cost spent = in rcaligoment. - If the mlsnllgnanL
is not the fault of, or caused by, Subcontractor negligence, ‘the Subcontractor:
shall be compensated under Item 2. of the Unit Price Schedule.

CIP-13. ©  LOSS OF HOLE

A hole shall be termed "lost" if the Contractor determines that the condition of -
the hole will prevent its successful completion, or if for any reason the Contrac-
tor deems it impractical to continue drilling. If the Contractor determines that
a hole has been lost before required depth has been attained, and that further

attempts to complete it will be impractical, he shall order work on the hole stopped,

shall investigate the circumstances in contributing to its loss, and shall notify
the Subcontractor of his decision in writing. The Contractor may, at his option, -
order the commencement of work at an alternate locatlon

Contractor shall assume liability, while work is being performed under Contractor-
directed operations, for loss of, damage to, or destruction of the hole, Subcon-
tractor's in-hole equipment, including; but not limited to, drill pipe, drill
collars, subs, stabilizers, and bits, unless such loss, damage, or destruction
shall be caused by the Subcontractor's fault or negligence.

CTP-14. "~ ABANDONMENT

In the event that, prior to completion of the work required, a hole covered by
this Subcontract is abandoned, upon direction of the Contracior, the Subcontrac-

tor will be paid for work performed under the applicable items of the Unit Price -
Schedule.

The term "abandonment" as used in this paragraph shall mean abandonment to suit
the convenience of the Contractor, as directed by the Contractor, under conditions
which do not come within the scope of the paragraph entitled "Loss of lole" of
these specifications. :

; .
CIrP-15. STANDARD FOR PRESSURE VESSELS

All Subcontractor's compressed air equipment and accessories shall be designed,
fabricated, inspected, and certified in accordance with the SAME Boiler and
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S R SR : , , ,
r L‘f Y .f.ﬂrebquxc Vessel Code, Section VIII For cquxpmcnt fnbrxcatod undcr the 1968 Codo
S , exthcr vaxsxon T or va151on II (but not boLh) of ‘the Codc may be uscd

.CTP-lG :A; PRDSLRVATION OF ANTIQUITIES WILDLIFE AND LAND ARLAS

Federal law provxdcu for the protcctlon of anthultles locatcd on land owncd or T
icontrollcd by the U. S. Government. Antiquitics 1nc1udc Indian graves, or campsites,
re11cs, and artlfacts.f The Subcontractor .shall control the movements of his. pcroonnel
.and his’ Subcontractor s pcrsonncl at _the Job51te .to ensure.that any existing anti-
- quities discovercd thercon will not be disturbed or dcstroycd by such:personnel. :
It shall be the duty of the Subcontractor to report the existence of any antiquities:
80 d1scovcred The oubcontractor shall also preserve’ “all: vcgetatxon except where’

‘such; vegctatlan must be removcd for survey or constructxon purposes., Further, all
wxldllfe shall bc protected : .

_CTPfl?Q" : RESPONSIBILITY TOR LOSS OF OR DAMAGE TO EQUIPMENT

'lj 1. Subcontractor s, Surface Eqﬁtgment. r Subcontractor shall be 11ab1e at a11 tlmes
-~ for damage to or destruction of Subcontractor's surface equ1pncnt 1nc1ud1ng

all drilling tools, machlnery,-and appliances for use above the surface and
for any other type of ‘equipment including in-hole equ1pment when such 1n-hole
"~ equipment ‘is above the surface, regardless of when or how such damage or des—
~ truction occurs. . The Contractor shall be. undcr no’ 11ab111ty to compensate {j -
" the Subcontractor for any such loss except ‘loss of damage Lhercto caused by o
Vnegllgence ‘of the Contractor, 1ts agents, or, employees.‘ :

2. Loss of Tools in the Hole

ia;”“Contractor—Drrected Operat1one ' When it is necessary to fish for tools

= in the hole, while workxng under Contractor—Dlrected Operations, the
Subcontractor shall notify ‘the Contractor or his authorized represen—
tative of the existing conditions 1mmed1ate1y, to be confirmed in writ-
ing as soon. as practicable, and 1n1t1ate such action as is required to
-commence fishing operatlons as soon as. prachcable. The Contractor will

‘review and evaluate the c1rcumstances resultlng in the loss of tools in
~-the hole.‘ - S

~i.  If the-investigation by the Contractor shows that the Subcontrac-
' . tor:was neither negligent nor. in violation of good drilling prac~
" tice;. the Subcontractor w111 notbc heldre5ponsxhle for costs
. resulting fron the loss of tools or for costs of fishing efforts
~conducted to recover lost. tools.; The value of Subcontractor- ]
" ‘owned tools lost or damaged in the hole “during hourly rate Opera- o
: txons will be equ1tab1y compensated i T , S S

*If the Contractor s 1nvest13atlon shows that the Subcontractor was
- megligent or-was in violation of good dr1111ng practice in the
performance of his duties, the Subcontractor will not be compen-—
sated for the value of Subcontractor-owned tools or equipment which
may . have becn lost or damaged. Additionally, the Subcontractor

oo
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will be held responsible to:the Contractorefor the value of any
Contractor-furnished tools or equipment which may be lost or
damaged. - All costs incident to such loss of or damage to the
Contractor-furnished tools or cquipment w111 be dctcrm1ncd by
* the negoLlatcd agreement of the partics.

iii, ~Any dispute concerning a question of fact undcr thxs paragraph

iii. shall be subJecL to Artlcle 11 '“stpuLcs , of the General f'
: PrOV1510ns. ) '

‘-Contrnctor-Furn:shcd Fqu1pment. EXCcpt as prov1dcd for in paragraph 11.L

above, "Loss of Tools in the Hole", all machinery, tools, materials and .
equipment furnished by the- Contractor, shall, at the completion or aban-
donment of the hole, be returned to the Contractor in as good condition
_as when received by the Subcontractor, ordinary wear and tear excepted.
The Subcontractor shall be liable to the Contractor for any loss or damage
to such equipment beyond such ordlnary wear and tear, and for loss or
damage ‘due to the negllgence or carelessness ‘of the SubconLractor

CTPf18;

CONTRACTOR MINIWUH EQUIPMENT REQUIREMENTS AND ¢ STANDARDS

The follow1ng American Petroleum Institute Standards and Recommended Practlces of
the latest issue, as of the date of bid opening, are a part of these specxflcatlons
wvhenever app11cablc to standardized equipment.

1.

2'

API

AP1

API1

APYL

Dcill Pipe and Tubing

RP-9B Recommended Practice on Application, Care and Use
of Wire Rope for 0il Field Service

RP-13B Recommended Practice and Standard Ptocéduies for
Testing Drilling'Fluids

Manufacturer's Ratings Shall Apply for Equlpnent
not Covcred by the API Standards.

10

R~

’ Std. LA Specifications for Steel Derricks
Std. 4E Specifications for Drilling and Servicing Structures’
std. 7 Sfecif{cation for Rotary Drilling Equipment
std. 8A A Specification for Hoisting Equipment
std. 9A Specification for Wire Rope
RP-5C1 Pecommended Practice for Care and Use of Casing,

r
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DOE CONTRACT NO.
DE-ACO8-80ET-27081

CONTRACT WITH WELLTECH, INC..

Eaton Industries of Houston, Inc.

Eaton Operating Co., Inc.
3100 Edloe
Houston, Texas 77027
(713) 627-9764
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E"EC TR U Gl ’ LouxsianaDwssnon :
T R L S Post Office Box 51933, OCS i

umwaw(nw&wmﬂxms

&QZ%HMﬁ o

- Wilson Mogul Model "42" self-prc:pelled dr:.ve-:.n Winchmobile pOWered by
420 HP twin 671-N GM Diesel Engine. Selective controls permit
‘-,operat:.on of either eng:.ne if desired or should loss of one engine

. ocecur. Engines are' equn.pped- _wa.th Alllson-Torque-O-Mat;Lc drz.ve. -
5 f",wz.th an additional 2-speed chain box air clutch au}ul:.ary transm:.ss:.on.
.. -Unit is equipped with 1" ‘drill line, water circulat:.on brakes, rotary
- drive, one 22" s:.ngle Parkersburg hydrotarder. . Mast is 110° tubular
capable of racking 18,000' 2-7/8" tubing or 28, 000°* 2-3/8"'tub:.ng. .
- Crown consists of 5 sheaves. allowing: B-I.J.ne str:.ng up. . ,Installed is
i one hyaraulz.cally operated breakout cylz.nder. TE R

L e A

| 0ilwell 310HP *48 PHD trn.plex pump. with e l:mers powered bx

,_.8V“-71N GM d:.esel engines,. 4-speed transm:n.ss*:.on and chain’ drz,ver
5" x 6" Mission mud mixing pump. powered by- 6-71N GM Da.esel engu.ne'
" with: all necessary mud mixing lines.
Gardner Denver 2-1/2" centrifugal fresh water transfer pump
powered by L:Lster diesel engine. . "
. 18% x 18' x 16" h:.gh hydraullcally ra.:.sed substructure equ:.pped:
- with 1I7-1/2" oil well rotary.
' Baash Ross 4-sheave, 1I50-ton Shorty travel ing 'block. _
~ Baash Ross Kelly 3" x 38" w:Lth 2-1/8" I. E. pin connectlon amd
. 4=Y/2 API IH box connection. .
- 60-C 0il Well Swivel..
. 3" x. 40" rotary hose,. 3000% work:.ng pressure. . .
6™ Series 1500 Cameron: type QRC blowout preventers with 2-3/8 -
- 2-7/8" and ‘blind rams,. 4" and 2" ser:.es 1500 flanged outlets.
between rams. : e
Series 1500 choke man:.fold. : ’
- 6™ Series 1500 Hydril preventer Type "GK" S
set . Koomey accumulators: w:,th lo—gallon capac:.ty and 3000# working:
© pressure. :
set 2-3/8" and 2-7/8“ tub.mg elevators. ,
‘Advance air splder Model "C" 2-3/8" and 2-7/8" sl:.ps.
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Shale Shaker

~dnstalled..
1 set Hillman Kelley hydraulic pipe tongs w:.th

jaws used for tubing jobs.

’2 sei:s Pipe. racks. ramp and catwalk.
- X . Adxr - cond:.t:.oned ln.v:l.ng quarters.

) Allﬁécessai:y mud lines and hand tools.

180 000-,;- Martin- Decker W’elght I.nd:.cator. TR B
SOKW AC light plant powered by 471 GM diesel engz.ne.
"~ 30KW AC “Yight plant powered by 471 e d:.esel englne (standby) -

Loulsiana vansnon o
Post Office Box 51933.0C.S. o

Lafayette, Louisiana 70505

318/232-3413

set Vapor proof flnorescent llght:.ng system., : : ) R
200 barrel. mud tanks with mud hopper and mud mmng l:a.nes P

2—3/8“ and 2—7/8"“""'

£
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;Land Description . -

CONDITIONS AND TECHNICAL PROVISIONS -

AL e

CTP-0l. " 'LOGATION = . .o

 Well.Name apdiﬁmber' _P. R. Girouard . L CQ““ty_Lafayétte B
State .Louisiana = . Field Name _~ Cade . .. - - Well Location and

‘Ba: Mznxmum Equzpment and Serv1ces..

P—02. e COMMENCEMENT AND COMPLETION

The Subcontractor shall complete mobilization within five (5) calendar days after v

‘the date of receipt of Notice to- ‘Proceed and shall ‘complete the entire work under -, oo
‘the Unit Price Schedule approximately 10  days after the date of receipt of Notice

to Proceed. The contract- completlon date w111 be extended by the amount of time

~spent. on’ Contractor~D1rected Operatlons and. Standby, to the extent that is deemed

necessary;‘ :
CTP-03 | STATEMENT OF woxx
'A. General Descrlption of Work The Subcontractor s work cons1sts of futnxshzng

and. supplies. as specxfled herein,

‘all personnel, equipment, materxals and. services, v
Sciddora R R K RARTRRGO0G.

for*conductlng the!follow1ng work' BaBancanduess

',Plﬁé &_Abandonment‘offéitbdar& #1' T

e m e L e e

The mlnlmum equ1pment, fac111t1es, servxces,A~

and items requxred to-complete the work is speczfxed in CTP-07. A11 contractor-
furnished items will be. delivered to ‘and picked up from the drill site by others.
The minimum equipment. and services designated to be furnished and ‘operated by the
Subcontractor w111 be at no:. add1t10n31 cost: to the Contractor. . ‘ :

-G Workweek and Pensonnel Requlrement.‘ ' The Subcontractor shall furnlsh minimum -

three man qualified- drlllxng crew, 1nc1ud1ng toolpusher, to maintain a. Zh-hour day,
7-day week operatlon.,v; . : SN R N

cmr-oa. fv unn ‘PROGRAM -

Contractor agrees to furnlsh a11 mud addztxves.énd'chéﬁiéale&bﬂ"willfaf:ange1to"v
- purchase ‘all necessary eng1neerxng services. Mud program will be designed as
dictated by hole conditions. S
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CTP-05. STRAIGNT NOLE SPECIFICATIONS

Except as authorized by the Céntractor, the maximum allowable deviation of the hole
is not to exceed one degree per 100-feet and not to exceed five degrees -total depth. . .

_CTP-06. - PROPOSED ‘CORING PROGRAM
CTP-07. ~ MINIMUM EQUIPMENT AND SERVICES
1. Trucking service and other tranéportation,

254

hauling or wxnchihg'servxces as required to
move Subcontractor's property to location,
rig up Subcontractor's rig, and remove all
of Subcontractor's property from location.

Drilling bits, reamers, stabilizers, reamer
cutters, and other drilling tools as required.

. Fishing, tool services and fishing tool rental.
: De;rick timbers.

" Normal strings of drill pipe and drill collars.

(see Items No 43 and 44)

Conventional drift 1nd1cator.4

Earthen mud pits and reserve pits.
Steel mud tanks if required.

Necessary pipe racks and rigging up materi#l.
Normal stérage for mud and chemicals.

Necessary spools, flanges and. fittings to
connect blowout preventers.

-t

To Be Provided By
And At Expense Of

Contractor Subcontractor
- .
XX
XX
XX
XX
XX -
., XX
XX
- XX
XX
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13,

15.
16
17.

18.

9.

20..

21.

22.

23,

‘24,

25.
26.

27.

28.

: banrel.'ﬁwﬁmimu;

Furnish and maintain adequstc roadway to

location, rights-of-way,. xncludlng rxghts—{rir*f~'* =

of-way for.-fuel and water. llnes, river -

¥cross1ngs, h1ghway cross1ng, gates ‘and cattle

guards.

Staked levelled and compacted locat1on, af'? ~

1nc1ud1ng earth p1ts.~,.. L

Rat and mouse holes to meet subcontractor 5.
requlrement. R

Test~;anks~w1th,pipeland_fittings.

1SeParetorrwithipipe“andﬂfittings;j_

Labor to connect and d;sconnect Subcon-'
tractor 's mud tank.,

‘Labor:- to- d1sconnect and clean test tanks,v

and: separator.'

Drllllng mud ;chemxcals, Tost c1rcu1at10n S

'mater1als and other addltnves

’All tubular goods, mmsceilaneous 11ne plpe :i

and. fittxngs

All testing tools" 1nc1ud1ng xnflatable

and retr1evab1e packexs
Special tools, casxng scraper, etc

Spec1a1 mud - pump capac1ty 1u excess of

r1g requlrements.

W1re11ne split and conventxonal core
barrels and wireline core catchers , -
two each ‘ten-feet long split core barrel'*
one each’ twenty-feet long conventlonal

quventioqalfcore bits, barrels and;catchers.‘

y
.

Diamond wireline core bits.
Cement and cementing service.

Logging services.™

To Be Provided By
And: At Expensc of

Contractor  Subcontractor-

;fng” ;J

XX
XX

',xxs”'

N/A

XX

ﬂikfiwfv

XX
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To Be Provided By
And At Expense Of

Contractor  Subcontractor &—jA
29. Directional, caliper, or other special e o ';,Vr,jf‘; B ;;
’ services. ~ o XX : ' :
30.. ‘Gun. orAjet perforating services. ' XX O  ;, E-
- 31. Core boxes, wrapping supp11es, end storage =~ - o
fac111t1es. . e - XX |
| | - -
32. Formation testing, hydraulic fracturing, - :
acidizing, and other related services. XX En
' 33. Equipment for drill stem testing. ‘ XX -
34, Mud Logging Services. _ XX E:
35. Sidewall Coring Services. o : XX

-36. Wéldinévsérvicé (Except for Subcontractor's :
equipment). XX

37. Casing, tubing, lineré, screen, float
collars, guide and float shoes, and ,
associated equipment. _ XX

r— r— rr—

38. Casing scratchers and centralizers. : XX

39. Wellhead and connections for all equipment
- to be installed in or on well or on the

premises for use in connection of well. XX
40. " Water at Source and Water Hauling Service. XX
41. Water storage tanks 1000 gallon capacity. . XX

42, Fuel and lubricants for Subcontractor's
equipment. Contractor to reimburse
Subcontractor for diesel fuel in excess
of 0 per gallon. XX

— T =

43  Drill pipe.

r—

44, Drill collars.
; :
45. Handling éools,,clamps, etc., for each
drilling assembly.

r

46. Weight indicator. XX

P
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47. 1f app11cab1e, drill pipe protectors for
Kelly joint and each joint of drill pxpe'“
running inside’ of casing for use with
normal strings of drill pipe.

48. Automatic driller (Optional).

49. Mg#érig}; for "boxing in" rig and de::ick;:; f?., "f}'i“

50. Conventiona1 core bartel.

51, Dr1111ng recorder—m1n1mum 2-p1n

- 52. Extra labor for runn1ng and cement1ng casxng,

‘53 Ca51ng tools. o

54. Runnxng of casxng-conductor

,,,,,,

55..Runn1ng ‘of caszng-surface. ﬂi;f”?s.ﬁmg;:_:f%;jlfv”‘

56. Running of casing protectxon, if.aPPIiCabie.

57. Runn1ng of caS1ng productlon, if applzcable.:;}
58 Runnlng of caszng lxner, 1f app11cab1e ;

59. Power -casing. tongs._ff‘

61 Power tub1ng tong.;k€ ;;:;fJLiﬁ %g;iiaﬁ: .

62. 5wabb1ng unxc wich swabb1ng lzne

63. Swab.

64. Swab lubrlcator.

5. susd ’“bbe:s';;v.Agﬁ?f,"l

To Be Provided By
And At Expense. Of

Contractor-

Subcontractor

A

N/A:

XX

S + S
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To Be Provided By
And At Expense Of

"Contractor Subcontractor

67, Drill rig-minimum faxlxng 1500 rotary rig or
.approved equal for continuous wireline coring S
and drilling to + 1500 feet. ' N/A

. 68. Two adequate clrculat1ng pumps and adequate

mud m1x1ng pumps. . ) XX

69. 1000 gallon water truck with driver for ‘ :
hauling water within two miles of work sites. N/A

70. Minimum of one two—way'communications systen. N/A -

71. IADC Daily Drilling Report Bit Record and : o
: Tally Forms. XX

The above Subcontractor designated items are the minimum acceptable requlrements
for the Subcontractor drilling equipment. This is not intended to be a complete
list of items to be furnished by the Subcontractor. The Subcontractor is required
to furnish all drilling maintenance tools, materials, and equipment not herein
designated, but which are normal components for a complete drilling rig requlred
for dr1111ng and testlng operations described in these specifications. ,

CTP-08. UNIT PRICE SCHEDULE ITEMS DEFINED

Paragraph headlngs in this Spec1a1 Condition correspond to items of the Unit Prlce
Schedule. :

1. .Mobilization. The Subcontractor shall move in and rig up his equipment, rig
up any lower-tier Subcontractor's equipment, and pick up first drilling assem-

bly. Mobilization shall be considered complete when all the equipment is' on '

location and rigged up ready to spud. The Subcontractor shall be paid for

the  above mobilization work under Item 1 of the Unit Price Scnedule.

2. Contractor—-Directed Operations. Operations under this category shall -include,
but are not limited to: Contractor-furnished surveying, plug backs, drilling,
coring, reaming, hydrologic testing, inserting and retrieving casing, placing
cement and regaining lost circulation. All operations will be done as directed
by the Contractor. All work on an hourly rate basis shall be performed with a-
full complement of operating personnel and at the direction of the Contractor.
If it becomes necessary to shut down Subcontractor's rig for repairs while:
performlng work-on an hourly rate basis, Subcontractor shall be allowed compen-
sation for such repair time at the applicable hourly rate. The number of hours
devoted to repair work for which the Subcontractor may be compensated shall be
limited to an accumulated total of 12 hours for each 15 day period.
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g4§f ,Demob111zatlon.l
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'Contractor-dxrected operat1ons w111 be pa1d for Itcm 02."£‘the UnitﬁPrice'Schcdulc.

'h3;f;58tandby Ready., ‘When dlrccted by the Contractor, the Subcontrncto: shnll cease ;¢

©  all operations and stnndby in a: ready coudxtxon.‘ ‘A full complement of personnel
3‘Qfand equxpment shall be ma1nta1ned at the work site: ‘ready to resumc- opcrations . -
- immediately. 0perat1ons under thls category ‘shall ‘include Ceophys:cal Loggrng,'

"'l"lcemcnt Hardenxng ‘Tinie, or. any operat1ons ‘not requlrxng the -use of rig engines.

~or drill assembly.

Standby ready time wrll be paid under Item 03. of the Unit
”Przee Schedule. : : : ‘ :

} Upon completlon of the work under th1s Subcontract,.the Sub-"
.. . contractor shall"cmove all ‘rubbish. and debrzs from: the drill. site :and shall '
" remove all of his. equxpment thhin ten calendar days. - The ‘Subcontractor will:

ot be: respons1b1e for levellxng ‘the work - site or dra1n1ng and backfilling- plts.,jgj

‘ Demobxl1zat1on w111 be pa1d under Item 04 of the Un1t Pr1ce Sehedule, =

c'r_r-os. __ RECORDS AND onszgvurows iR e e .

o PrOV1d1dt the follow1ng records and. observatlons shall be a part of the Subcon-
- tractor s general responszb111ty for‘whlch no addltlonal payment will be made

;l.kl A Dally Drlllxng Report shall be kept ‘on the IADC off1c1al Standard. Dally ‘ 5
' ~Drilling Report. . The Unlt Price Schedule" quant1t1es for pay estimate purpose I

© will be taken from the IDAC Dally Dr1111ng Report:: ~The general remarks
;sectxon shall’ contaxn -an” accurate.record of ‘hole conditions; work performed
. and’ tlme requzred ‘for” all ‘work ‘to ‘the nearest quarter-hour. The original .and . .
. two: coples of the Da11y Dr1111hg Report 'shall be- submztted to the Contractor : ' :[éj
~or hls authorzzed representatxve 'fs»r:A;<“».,, : e A

:viisd th Records shall be ma1ntalned dally and posted in the: doghouse A‘¢dép1ete

bit record. shall be furnlshed the ‘Contractor ‘at 'the completion of a. hole. . .. ..
A Records must show bit types, ‘sizes,. footages, depths, rotary speeds, b1t -
-wexghts, manufacturer,‘and ser1a1 number.:(ev;», Do , Do i

: 3. .. Accurate Pipe Tallxes shall be the Subcontractor s responsxbxlxty and shall be

‘available at the drill site for xnspectlon at all times. Copies of steel tape
measurements of dr111 pxpe ‘end caslng shall be furnzsbed by the Contractor.

AR

CTP-IO SUBSURFACE INFORNAIION » ;b;l

'1;’ The subsurface xnformatlon “and data’ furn1shed both in these specxfzcatlons and' jf
.. at the Contractor's office are not intended as representat;ons or warrantles. y

: but -are: furn1shed for 1nformatlon only. i ,,;

2. th 1s antlcxpated that the 1nformat10n contaxned here1n generally represents
“ the condxtlons ‘that w111 ‘e ‘encountered ‘in the-performance of the. Subcontrect,

»‘however, ‘any 1nterpretaC1on or conclusion reached by the Subcontractor 1n pre-'m;.
parzng his. Unxt Przce Schedules w111 be hxs sole responsxb111ty. B

LT
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CTP—III" ACCOMMODATIONS'

. The Subcontractor w111 be requ;red to make hxs own arrnngemcnts with his’ cmployccs
~“for housing and feeding. The Subcontractor may locate toolpusher's house trallcr
" near the dr1111ng locatlon, as de31gnated by the Contractor._' ‘

- CIP-12. DERRICK MISALIGHMENT

" If, at any time, the Subcontractor s derrlck becomes m1sa11gned over a hole, the
Subcontractor shall be required to commence reallgnment operatlons within eight

. hours: of  the mzsal1gnment. If such mzsallgnment occurs as the result of fault

- or neg11gence on the part of,the Subcontractor, the Subcontractor shall receive
no compensation for the time or cost spent in realigmment. If the misalignment
is not the fault of, or caused by, Subcontractor megligence, the SubcontraccOr
shall be compensated under Item 2. of the Unit Price Schedule. '

- CTP-13. - LOsS OF HOLE

A hole shall be termed "lost" if the Contractor determines that the condition of
the hole will prevent its successful completion, or if for any reason the ‘Contrac-
tor deems it impractical to continue drilling. If the Contractor determines that

a hole has been lost before required depth has been attained, and that further:
attempts. to complete it will be rmpract1cal he shall order work on the hole stopped,
shall investigate the circumstances in contr1but1ng to its loss, and shall notify

the Subcontractor of his decision in writing. The Contractor may, at his option,
order the commencement of work at an alternate location.

‘Contractor shall assume liability, while work is being performed under Contractor—
directed operations, for loss of, damage to; or destruction of the hole, Subcon-
tractor's in-hole equipment, 1nc1ud1ng, but not limited to, drill pipe, drill
collars, subs, stabilizers, and bits, unless such loss, damage, or destruction
shall be caused by the Subcontractor's fault or negligence.

CIP-14. ABANDONMENT

In the event that, prior to completion of the work required, a hole covered by
this Subcontract is abandoned, upon direction of the Contractor, the Subcontrac-
tor will be pald for work performed under the applicable items of the Unit Prlce
Schedule.

The term "abandonment" as used in this paragraph shall mean abandonment to suit-
the convenience of the Contractor, ‘as directed by the Contractor, under conditions
which do not come within the: scope of the ‘paragraph entitled. "Loss of Hole" of
these spec1f1cat10ns. . ,

CTP-15. STANDARD FOR PRESSURE VESSELS

All Subcontractor's compressed air equipment and accessories shall be designed,
fabricated, inspected, and certified in accordance with the SAME Boiler and
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';:Pressure Vesscl Codc, Sectlon VIIItrﬁtor equxpment Iabrxcated undcr the 1968 Code, 2
ezthcr Drvxsxon I -OT: va181on II (bu ‘ot both) of thc Code may be uscd

_};"

lpCTP'lG : PRESERVATION OF ANTIQUITIES, WILDLIFE AND LAND AREAS ‘

“'Federal law provrdes for the protectron of ant1qu1t1es located on land owned or
controlled by.the U. S. Government. Ant1qu1t1es 1nclude Indlan graves, or tampsites,
. yelics, and artifacts. "The Subcontractor shall control the: movements of his personnel
'4“and his: Subcontractor g personnel at the Jobsxte ‘to. ensure that any existing anti~ .

. quities dxscovered thereonm: will not be dlsturbed or: destroyed by such personnel. 8

. It: shall be the duty of the Subcontractor to. report the existence of any. antiquities
so discovered. . The Subcontractor shall also preserve:; all vegetatxon except where
such: vegetatron must. be: removed for survey or constructaon purposes. Further, all -

w1ldllfe shall. be protected.

S el Sl .»A"

raphy

l!ﬁf: 5;tfirb}

er- ~17. " '; RESPONSIBILITY EOR LOSS“ OF on DAMAGE 10 EQUI‘PMENT

. Subcontractor s Surface Equxpment.;, Subcontractor shall: be llable at all tlmes
for damage to or destruction of. Subcontractor 8 surface equipment’ 1nclud1ng =
all drlllzng ‘tools, machlnery,, and: appllances for: use above the surface: and
- for: any ‘other type. of equipment, 1nc1ud1ng in-hole equ1pment when such in-hole. g

.qequapment is above" th ;surface, regardless of. when or “how such. damage or: des- o
~“truction occurs. - The- Contractor . shall be under no lrabllzty to compensate -
" the Subcontractor for any such loss except ‘loss. of damage" thereto caused by
neglxgence of: the Contractor, 1ts agents, or employees.

LT ey

2. p”Loss of Tools 1n the Hole

a. Contractor-Dxrected Operatxons. ‘When it is necessary to fish for tools
Txn the hole, whlle workxng under Contractor-Drrected Operatxons, the '

rl:jj‘ "Ejjyl

tative of the exlstlng condxtions 1mmed1ate1y, to be confirmed in wrlt-
-ing as soon as pract:cable, and- initiate such: ‘action as’ s requ1red to-
. commence . fishing operations as soon as. pract1cab1e., The Contractor wxll
reviev and evaluate the clrcumstances resultxng in the loss of tools’ in

,the hole.‘

1 ,"»If the 1nwe_t1 atzon by the Coﬂ ractor shows that the Subcontrac—
" tor_ was neither negllgent nor in’violation of good drilling prac— -
.- .tice, ‘the Subcontractor will mot be held responsible for costs .
'resultlng from the loss of tools or for costs of fxshxng efforts

- conducted to: recover lost;tools. “The value of Subcontractor-
~:.:--owned tools. lost. or. damaged in the hole: durzng hourly rate opera—
f”tions wxll be equatably compensated. k

% -

'If the Contractor s 1nvest1gatzon shows that the Subcontractor was
negligent or was in violation of good. drilling practice in the

performance of his duties, the Subcontractor will not be compen-

" gated for the value of Subcontractor-owned tools or equipment which
may have been lost or damaged. Additionally, the Subcontractor

Sl gl
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4

will be hcld responsible to the Contractor for-the value of any
Contractor-furnished tools or equipment which ‘may be lost-or-
damaged. All costs incident to such loss of or damage to the
*Contractor-furnished tools or ‘equipment. will be determlncd by
the negot1ated agreemcnt of the parties.-

Any dzspute concernlng a quest1on of fact under this paragraph
iii. shall be subJect to Artxcle 11 "D1sputes , of the General
Ptov1sxons.,‘ Lt : P

e
e
e
.

'ébhtréétor-FﬁtnxShéa;tqﬁlpment.ﬂ Except as provxded for in yaragraph 11',

- above,. "Loss of Tools in the Hole", all’ machinery, tools, materials and:

equipment furnished by the Contractor, shall; at the completion or’ aban~'

 donment of the hole, be returned to the. Contractor in as good condition
as when received by the Subcontractor, ordinary wear and tear excepted.

The Subcontractor shall be liszble to the Contractor for any loss or damage
to such equipment beyond such ordinary wear and tear, and for loss or

damage due: to the negllgence or carelessness of the Subcontractor.

CONTRACTOR.MINIMUM EQUIPMENT.REQUIREMENTS~AND 'STANDARDS

The f6110w1ng Amerlcan'Petroleﬁm Institute Standards and Recommended Practices of

the latest issue, as of the date of bid opening,. are a part of these spec1£1cat1ons
whenever applxcable to standardlzed equxpment.

1. API std. 4A _ Speczficat1ons for Steel Derrzcks
2. API Std. 4E Specifications for Drilling and Servicing Structures
3.. API Sfd. 7 - Specification for Rotary Drilling Equipment
4. APY std. 8A Specification for Hoisting Equipment .

-5.' AP std. 9A Specification for Wire Rope

6. AP] RP-5C1 : Recommended Practice for Care and Use of Casing,

Drill Pipe and Tubing

7. API RP-9B Recommended Practice on Applxcatxon, Care and Use

of Wire Rope for Oil Field Service

8. API RP-13B Recommended Practice and Standard Procedures for

262

Testing Drilling Fluids

Manufacturer's Ratings Shall Apply for Equipment
not Covered by the APl Standards.
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| APPENDIX "C"
- SUMMARY OF RIC OPERATIONS
.. .WAINOCO = GIROUARD NO. L .~
. RE-ENTRY OF TEST WELL

Dax.ly Drzllmg ; BB B
~ Report Date '~ Day No. o Operations

5712-80; e r _‘VPrepared locatxon for dnllmg rig. Started.
T R S movxng in Mathieu Drilling Rig No, 16

i 5-13-80 N S o Maved i.n rig and started rigging up.

;5‘-'],‘.4-’80‘ : : 3 R:.gg:mg up 60% complete. Tanks and
S ' "lpumps.spotted Prepared to raxse derrlck

T 5-15-80 " o 4o " Continued rigging up. A compressed air
St s b tank was damaged. during the rig move.

-'Did not get repaired in time to raise

7 dernck '

- 5-16-80 T Y05 o Contmued nggmg up. Raised derrick.
S st el i - Unlodded drill pipe. Moved in two
S s st onei 07 o prgilers and hooked up water, sewage
: lines and h.ghts. Filled mud tanks
‘ with 300 bbls. of 17.8 pound per gallon
mud ‘

'5-17-80 e TR *Started drzlhng rat hole. Rig shut down
18 hours due to heavy rains and high water. '

- 5-18-80 ~-° 7 7' 71~ Completed drilling rat hole. ' Started
R AR R e AT R nippl'i.ng up blowout preventers.

Rxgged up ‘blowout preventer lines. Tested
‘Hydril annular preventer to 3000 psi.
' ‘Tested pipe rams, choke manifold, choke

B LT e end kill lines, and blind rams to 5000 psi. -
! LR Tested casing to 2850 psi. Tested TIW ‘
st - 1ower 'kelly valve and inside blowout pre—
e ’vventer to 5000 psi. -Tested standp;pe and.
.. pump ‘line valves to 3000 psi.  Nippled up
e the be11 nipple and connected the flaw 11ne.
- ——— T S—— - Eaton lndustnes of Houston, Inc.
DOE CONTRACT NO. - Eaton Operatmg Co., Inc.
DF-AGOB-80ET-27081 . 7 U3100°Edice "~
. Houston; Texas 77027
L. (713) 827-9764 265
|



Daily Drilling

Operations .

Report Date Day No.
5-20-80 9
5~21-80 10
5-22-80 11
5-23-80 12
5=24-80 13
5-25-80 14

DOE CONTRACT NO.
DF ACO8-80ET-27081

266 -

Picked up an 8-3/4 inch 0.D. bit and 9~5/8
inch 0.D. casing scraper for 47#/ft. casing.
Ran in the hole with 3-1/2 inch 0.D. drill
pipe and. twelve 4-3/4 inch 0.D. drill col-
18!‘8 [ 3 ) ‘

Picked up 3~1/2 inch 0.D. drill pipe while
running in the hole. Picked up kelly and
circulated to condition mud with the bit
at 2000 feet, 4082 feet, 6155 feet and
8262 feet.

‘Continued picking up 3-1/2 inch 0.D. drill

pipe and running into the well. . Circulate

. .to condition mud with bit at 10,018 feet
and at 12,124 feet.

Displaced well bore with 17.8 pound per

_gallon mud. Drilled out to top of 7-5/8

inch 0.D. liner at 12,321 feet. Tested
casing and liner top to 1500 psi for 1/2
hour.

Pulled the drill string out of the hole.
Changed the bottom hole assembly. Started
back into the hole with a 6-~1/2 inch 0.D.
bit.

Ran in the hole and stopped to .circulate
every 4000 feet. Drilled cement from
12,232 feet to 12,363 feet. The drill

 string was torquing up while drilling

through the perforations at 12,324 feet

to 12,348 feet. Tested the casing to

1500 psi for 15 minutes. Continued in
hole picking up drill pipe and circulating
the well bore every 10 joints.

Continued running in the hole and tagged
the EZSV cement retainer at 14,851'. Wash-
ed and drilled to 14,853'. Circulated
bottom mud to the surface and recovered
some cement and a few pieces of metal,

Eaton Industries of Houston, Inc.

Eaton Operating Co., Inc.

3100 Edloe

Houston, Texas 77027

(713) 627-9764
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Daily Drilling g |
- Report Date . Day No. éékgperatzons

: md:.catmg that the bit was runn:.ng on the
'~ EZSV retainer. Pressure tested the well
... bore. to 1500 psi for 20 minutes.

©5-26-80 - - oo 15 Eul}.ed,out of the hole. : ngged up Welex
..t .i. s .. and ran a gamma-ray cement bond log.
Picked up a Halliburton RTTS packer for
& cement squeeze job and made up on the
dnll string.

5-27-80 16 Started mnm.ng RTTS packer. Received ,
4 eseo< ooii. .. orders mot to cement squeeze. Started

h,71ay1ng down drill pipe while pulling back

. out of the hole. Removed the RTTS packer.

- Ran the remaining drill pipe and the drill
.. collars back in the well. Rigged up drill -
. .pipe-handling equipment. Started pulling
.. .back out of well laying down each 301nt
v;w;of dr111 pipe.

D i 2 ;;;.;,F:.nlshed laying down the drill string and
rigged down the drill pipe handling equ1p- :
- ment.: Ran P gauge ring and junk basket in
- the: well on electric wireline, but could
- .not. get below the top of the liner at
012,232 feet. The gauge ring showed two
. :.ndentatl.ons, Made a special guide and

- ran with the gauge ring and junk basket.
... Still .could not go below the linmer top.

| 5-28-80

g = 5=29=-80 - - vt A8l Stgrted p1ck1ng up 3-1/2 inch 0. D. tubing.
. S w0 oo -Ren in the well with a TIW liner dressing
et ooco oo . mill, . Had problems with power tubmg tongs.
: e C T «'V‘A'_Replaced tongs.
.5-30~80 ... L,S'Ran 3-1/2 inch 0.D.. tubing to top of liner
gl . ..&nd-dressed the liner top. Pulled out of
‘ “the well with tubing. Ran gauge ring and
o7 . junk basket on electric w:.rel:me. 8till
could mot go below liner top..
, {,,/ : : ——— . Eaton Industries of Houston, Inc.
L’ DOE CONTRACT NO. ) .. Eaton Operating Co., Inc.
; DE-ACOB-80ET-27081 ©.7 7 '3100Edice
"Hp_uston, Texas 77027 i
(M3 6279764 , 267
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Daily Drilling
Report: Date -

... Day No.

~ Operations

5-31-80

6-1-80

6-2-80

6-3-80

6-4-80

6-5-80

DOE CONTRACT NO.
DE-ACO8-80ET-27081

268

20

21

22

23

24

25

- Ran & 6.4% inch 0.D. gauge ring on electric

wireline. Still could not get through the
top of the liner., Ran a 6.299 inch 0.D.
gauge ring which stuck in the liner top.

" A 2.3 foot long tube segment broke off
and remained stuck in the liner top. Rigged -

up fishing tools to try to recover the

gegment.

Ran a fishing spear on tubing- and attempted
to recover the gauge ring segment. Pulled

‘back out of well, but did not recover the

gauge ring. Started running back into
the well with a tapered mill and jars.

Ran in well to the top of the liner and
milled a 3 foot tight spot. Continued

in the well turning the mill through the
perforations at 12,324 feet to 12,348 feet.
Suspended operations to work on master
drive chain and clutch bearing.

Finished repairs. Continued to bottom with
tubing and mill. Circulated and conditioned
mud. Pulled tubing and layed down the mill
and jars. Ran an empty perforating gun
with a casing collar locator on electric
wireline., Tagged bottom at 14,855 feet.
Pulled out of well.

Finished dummy run with collar locator. Ran
an Otis permanent production packer. Had

to work through tight place at the top of
the liner. Set the packer at 14,570 feet.
Nippled down the blowout preventers and the
casing hanger spool. Nippled up the hanger
spool and the blowout preventers.

Finished installing the blowout preventers..
Attempted to pressure test the wellhead but
found the tubing spool was not properly )

Eaton lndustries of Houston, Inc.

Eaton Operating Co., Inc.

3100 Edioe

Houston, Texas 77027

(713) 627-9764
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Deilyibriiling : , o : T e
_-.....Report Date .. .Day No. Qperations B i R

;:geated.: R1gged dawn the blowout preventers
.~ and tubing spool. Found that the casing
‘vstub ‘was too short to get a good packoff’
~in the 'tubing spool seals. Welded an
./ extension onto the 9-5/8 inch 0.D. casing.
T L B e s e stub.  Cround the weld smooth and then
TInEoilay opoesv oo oo cutiend beveled the stub to the proper
~ .7 . height of 5 inches. Rigged up the tubing
spool and tested to 3000 psi. Imnstalled
. .7r . - the blowout preventers and checked the
40 .osiue Dwnf operation of the blind rams, annular
“fiv vowio 0 preventer, choke and manifold valves.
 ‘Tested ‘the pipe rams. Started rigging
*tfup Gator Hawk tub1ng testlng equlpment.

o G=6=80 " T Ll D26 Completed rxgg1ng up tubing testxng .
Slee I Mmool A oo equipment.  Made up an Otis seal assembly
- on the' tubing string. Ran the tubing into
- the’well and tested. every Jo1nt to 8000
-fpsz. s ;

- 6=7-80 Lo 21 Lowered tubing seal. assembly into packer
L ensTeofnio v o0 0 bore.. Pressure tested the tubing/casing.
'+ ennulus to 1000 psi. Pressure tested the
."-".tubing hanger to 800 psi. Pulled the seal
. +assembly out of the packer. Displaced the
“mud in the tubing with saltwater to give
7o 5.-2000 psi differential pressure from the
S F Lo nuommetwe Jhog o Doooosr formatiom into the well bore.. Lowered
Cieloit o doowiinn Dir oo e sl the packer seal assembly back into the
S woores e fi0 opacker bore.  Bled off tubing pressure.
*~Started rzggzng down the blowout preventers.

L pemB=80 e o 28 ;~F1n1shed r1gg1ng down the blawout preventers
cigiipeooissis ool gnd installed the christmas tree. Pressure
: . tested the tree to 8000 psi. Ran a2 inch :
©. 0.D.:through-tubing perforating gun and a
-~ collar locator to 14,869 feet. Could mot
. accurately locate the collars. Pulled the
_perforating gun and collar locator. Ran a |

‘Eaton Industries of Houston, Inc.

DOE CONTRACT NO. R Eaton Operatmg Co Inc. ”
DE-ACO8-80ET-27081 o o - ‘3100 Edloe -
' ,,Houston Texas 77027 Sl -
(713) 627-9764 269



Daily Drilling

Opetations

Report Date ~ Day No.
6~9-80 29
6-10-80 - 30
6-11-80 31

gamma ray log for correlation purposes.
Reran the perforating gun and collar

-locator and correlated with the gamma

ray ‘log. Perforated the 7-5/8 inch

0.D. casing from 14,778 feet to 14,798
feet and 14,799 feet to 14,819 feet with
4 ghots per foot. Tubing pressure in-
creased to 1500 psi.

Pulled out of the well with the perforating

tools. - Rigged up the tree to flow the well.

Flowed 8 barrels of saltwater. Ran in the
well with a through—tubing perforating gun
and perforated the interval 14,744 feet -
14,779 feet with & shots per foot. When
pulling out of the hole, the perforating

. .gun stuck at 14,593 feet. While attempt-—

ing to free the gun, the electric wireline
pulled free at the rope socket connection
to the gun. Pulled the wireline out of
the well,

Ran back in the well with a no-go locator
mandrel, sinker (weight) bars, wireline
jars, and a collar locator. Ran into the

- stuck perforating gun and jarred free.

Followed the perforating gun to bottom and
pulled out of the hole with the wireline
tools. Rigged up a flow line and flowed
100 barrels of mud and saltwater. Produced
fluid was all saltwater at the time the
well was shut-in., Installed a WKM back- -
pressure valve in the tree. The rig was
released at 1900 on June 9, 1980, Started
rigging down rotary equipment.

Moving rig to disposal well locationm.

Eaton Industries of Houston, Inc.

DOE CONTRACT NO.
DE-ACO8-80ET-27081

270

Eaton Operating Co., Inc.

3100 Edloe

Houston, Texas 77027

(713) 627-9764
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Dazly Dr:.lling
R_eport Date

APPENDIX "C"

' SUMMARY OF RIGC OPERATIONS

WAINOCO = GIROUARD NO. 1
A'PLUGGING AND ABANDONMENT

TEST WELL -

fDa}’No. o Operations.

8—25580

. 8-27~80

-

 gn

-~ W

DOE CONTRACT NO.
DF ACOB 80ET-27081

8-26-80 - <Tgo
P e Wy S 47745000 psi blowout preventers. Started setting

Cosass0

S T Y. T8 o e g i e o

2 >Rigg‘in§7up. B

.:Removed chr:.stmas tree. Installed 6-inch

“ subs tructure .

. & Spotted substructure and rigged up floor.

' Installed and tested blowout preventers.
- "Picked up tubing. Filled casing with
f,'{dr:.lhng f1u1d and pumped 36 barrels.

*Picked up ha:ager Jomt and stung into
;""packer* with 30,000 pounds weight. Rigged
-~ ~up’ Howeo and’ pumped 225 gacks class "H"
e 'feeixiént}'withasz ‘Oklghoma #1 sand, 75%

. 'CRF=2, 5.5 pounds per sack hi-dense #2,
e T0%: HR-12. Attempted to squeeze, but

#-% packer: leaked. Pulled out of packer and
“sgpotted 225 sacks above packer,. Pulled
' out’.of hole to approximately 13,395 feet.
Spotted 10-barrel slug of 20 ppg mud on
“I top ‘of ‘cement plug and began pulling out
_ “of hole. Progress slow because of crew

! ‘»‘-problems. ‘ T et

: 6 . Pulled: 3-1/2 z.nch drill p:.pe up into hole

“to -11,600 feet. - Drill p:.pe contained mud.

" Placed: ‘heavy slug of mud in drill pipe to

-+ -force mud down hole, . -Slug did not work,
.- Mixed second slug. Mud colum unbalanced

Eaton lndustnes -of Houston, Inc.

NN Eaton Operatmg Co Inc.”

73100 Edioe -
- Houston Texas 77027
- - {713) 627-9764

1 "':-:Mo’vir'zig":'j.nk and rigging up WellTech Rig No. 3.
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Daily Drilling
Report Date

Day No.

Operations- -

8-30-80

8-31-80

9-01-80

9-02-80

DOE CONTRACT NO.
~ DE-ACO8-80ET-27081

10

and well had temndency to flow. Cement
apparently not set. Circulated and con-
ditioned mud at 17.4- ppg through choke
manifold. Well still trying to flow.
Pumped 85 barrels of 19.5 ppg mud to 11,600
feet. Circulate to get mud in balance at
17.5 ppe. '

Finished conditioning mud to 17.5 ppg.

Slugged drill pipe with heavy mud and pulled
_out of hole. Shut down for 3-1/2 hours for
lack of rig crew. Imstalling Welex lubricator.

Finished rigging up Welex. 6-1/2 inch gauge
ring would not go below the wellhead. Drain-
ed blowout preventers. Found cement in the
top of 9-5/8 inch casing. Rigged down Welex.
Made up bottom hole assembly with 6-1/2 inch
bit and scraper. Cleaned out 4 feet of
cement.at top of casing. Pulled out of hole
and rigged up Welex lubricator. Ran gauge
ring and junk basket to 11,338 feet.. Hit
bridge. Pulled out of hole with same.

Found several pieces of cement in junk basket.
Rigged down Welex. Picked up 6-1/2 inch

bit and scraper and tripped in hole bresking
circulation every 45 stands, (approximately
2700 feet).

Trip into hole to 8400 feet and broke cir-
culation. Continue into hole to 10,820 feet.
Stopped going in hole to remove one foot of
barite and cuttings from mud pits. After
pits cleaned filled 2/3 full of 19.5 ppg

mud and cut and conditioned to 17.5 .ppg.

Tripped in hole and tagged bridge 185 stands
in. Tried to rotate down with tongs. Circu~
lated to condition mud. Stopped circulating
to condition mud in surface tanks. Circu-—
lated and conditioned mud using Halliburton.

Eaton Industries of Houston, Inc.

Eaton Operating Co., Inc.

3100 Edloe
Houston, Texas 77027
(713) 627-9764
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‘Daily Drilling : ~ = '
Report Date Day No. Operauons

;ngged down Halhburton and pxcked up Kelly.;

. While down began dressing Kelly. Once
" finished pulled and layed down 10 joints
. ‘drill pipe. ‘
. Ren 5 stands back in hole. Tried to drill
.. but rotary torqued up. Chain jumped off
. ‘rotary drive.

9-03-80° .~ 1107 Fmished repairing rotary chain. Drilling
: T '© . and washing cement from 11,180 feet to
11,970 feet. Repa1red hydromat:.c valve

.. om. drawworks. ‘Conditioned mud and changed

. . out Howco ‘pump trucks.

,.VWashed and reamed from 12,140 feet to 12, 832
" “feet. Repaired. centnfugal pump and hopper '
“-Hose: wh11e building and conditioning 150
, f!ﬂ‘_barrels nmd to 17.5 ppe-

e

E;nzshed conditioning mud ir pits to 17.5
. 'ppg. Washed from 12,832 feet to 13,045
feet. Mud coming back cut to 16.9 - 17.3
- PPg. Wa:.ung on vacuum truck to build mud
" weight back to 17.5 ppg. Ran tubing and
washed out tight spots to 13,500 feet. Well
 came in; shut-in, built mud we:.ght in pits
ot ~to 18 5 ppg. 1200 psi on casing and 350
o psi’ on tubing. Rigged up line from casing

Coose0

“valve to choke manifold and frac tank. R:nged

up. ‘Howco and tested same to 5000 psi. Rigged
" up Howco and displaced tubing with 102 bar-

" rels of 18.5 ppg mud. Shut in well. O psi:
_on. tub:.ng and 1275 ps:. on casing. Started -
; ,{‘fto m:.x 17.5 ppg mud in. suction pit.

To-06-80 14,7 T Repacked centnfugal pump ‘and repaired 4"
S : © . """ discharge hose. Attempted to kill well with
... 17.5 ppg mud - failed. ‘Weighted mud up
O :to 18.5 ppg and killed well with ssme. Drill
‘pipe pressure - 1200 psi at 3 barrels per
_minute to 1400 psi at 3 barrels per minute.
‘.Maxmmn shut-:.n casing pressure = 3400 psi. .

- Eaton Industries of Houston, Inc.

DOE CONTRACT NO. : Eaton Operating Co., Inc.

DE-ACO8-80ET-27081 ' . R 3100 Edloe .
: Houston Texas 77027

(713) 627 ‘9784

-Shut . down to weld bell nipple and flow line. -
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Daily Drilling

‘Operations

“ Report Date - - Daﬁ No.
9-07-80 . 15
9-08-80 16
9-09-80 17

Kill information: 102 barrels of 18.5 ppg
mud .down tubing. 950 barrels of 17.5 ppg
mud. Makes a total of 1052 barrels kill
mud pumped on. first circulation.. Second
circulation - pumped 600 barrels of 18.5
ppg mud for a total of 1652 barrels at
0700 on 9-6-80. At 0600, the shut-in
casing pressure was 350 psi with a mud
weight of 18.0 ppg. Cumulative mud
pumped was 1880 barrels, :

Pumped 77 barrels 18.5 ppg mud in an attempt
to kill well with 350 psi on casing., Pump
rate was 3 barrels per minute. Tubing pres-
sure was 1400 psi. Built mud volume im pit

" and weighted to 18.5 ppg. Pumped 200 barrels

" of 18.5 ppg mud and circulated well. Well
dead with 1600 psi tubing pressure - 0 psi
on casing. Circulated 200 barrels of 18.5
ppg mud at 1600 psi. Choke open, return mud
weight ranged from 16.2 to 17.3 ppg. Wait
for 600 barrels of 18.5 ppg mud to arrive.
Circulated hole with 150 barrels of 18.5
mud. Total tubing pressure - 1600 psi.
Casing - 0 psi.

Pumping to kill well, opened rams and cir-
culated and conditioned mud, Closed rams
and attempted to pump 18.5 ppg mud into
formation. Could not pump in at 2000 psi.
Opened rams and continued to circulate and
condition mud. Rig up fill-up line and tongs
and start out of the hole. Repack centri-
fugal pump and replace 3-1/2 inch rams in
the blowout preventers. Pulled out of
hole a total of 170 stands. (Approximately
10,200 feet.)

Finished pulling out of the hole. Rigged
up Welex and ran en easy drill cement re-
tainer and set same at 12,409 feet. Pulled
out of the hole. Rigged up Welex and in-
stalled bell nipple. Made up retainer
stinger and went~in hole‘to- 4600 feet.

Eaton Industries of Houston, Inc.
DOE CONTRACT NO. Eaton Operating Co., Inc.

DE-ACO8-80ET-27081
274

. 3100 Edloe
Houston, Texas 77027
(713) 627-9764
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Dai1y~Dri11ing , : , , ,
-~ Report Date . Day No.wfn.Operations'

:—Trlpped in hole with stinger to 4950 feet.

-7 . Picked. up kelly and circulated.at 4950 feet.
..Tripped in hole to 10,050 feet. Picked :

.+ -up kelly and circulated. Tr1pped in hole

R R R ...+ <. while-picking up tubing off pipe racks.

e s v gigement 000 Rigged-up mew cable on tongs.. Trlpped
, Coo T R EE e LR LA P O o - :- . in hole while picking up tubing off pipe

= 4 el ena e e E L e e -racks, . mgged up new cable on tongs.

5 BRI oot i - -Tripped in hole while picking up tubing
“~: . end tagged retainer at 12,409 feet. Broke
o i iout ‘pup (short) joints and spaced out in
retainer., Rigged up Howco and circulated
«ﬁ;hole. ~Stung into retainer and- pressured

. casing to 1000 psi. Broke down formation

.. :with 4200 psi and pumped in 5 barrels of
© -18.5 ppg mud with 3800 psi at 2-1/2 barrels -

. .per minute. Mixed and pumped 420 sacks
_class "H" cement with 35% Silica Flour, ,
.26~ pounds per sack hi-dense, .75 of 1% CRF-2,

. .25 pounds per sack D-AIR-1 and .4 of 17

HR-5 to yield 1. 38 cubic feet per sack mixed

- gt 18,5 ppg. Displaced tubing with 84 )
- :barrels 18.5 ppg mud, pulled out of retain-
20 rervand spotted a 30 sack cement plug on
- top-of i retainer. Pulled 30 stands to

;;napproxlmately 10,475 feet.. Rigged down
. ... ‘Howco and broke down pump-in sub. Moved
.- -.19.5 ppg mud from frac tank to surface pits.
EETIE TP R A 5 7 SR :~»Pumped 15-barrel slug of 19. 3 ppg mud to
12 S E R S pull out of hole.

5 9-10-80 o

3

-

T r

19 1iga:‘Pu11ed out of hole with wet drill pipe.
T ;-;;Mixed and pumped a 19.6 ppg slug and put
.+ +.-wiper rubber on drill pipe, Pulled 140
;. stands out of hole and racked in derrick.
Laid down 3-1/2 inch drill pipe. Finished
‘laying down 3-1/2 inch drill pxpe. Put
;- drill collar clamp on every joint and laid
.. .. down bottom hole assembly. Removed blow- : -
... . out preventers.

Rl

I st
=
4
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B

b
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Daily Drilling

Report Date. ‘Day No.

-~ 9-12-80 - 20

9-13-80 21

9~14-80 22

9-15-80 23

‘Operations

 Installed 3-3/8 inch blowout preventers,

~bell nipple and flow line. Worked blow-
out preventer and bell nipple (Hydril).
Worked o.k. Picked up bit and scraper.

-Drilled out cement in top of 9-5/8 inch
‘casing and laid down bit .and scraper.
Rigged up Welex and ran junk basket to
8500 feet and ran Halliburton bridge plug.
Set same at 8480 feet and rigged down
Welex. Went in hole open-ended to lay
down -drill pipe.

" Continuing in hole open-ended. Began
pulling out of hole laying down drill pipe.
Finished laying down drill pipe and began
going in hole with tubing to 4080 feet.

Put flange on blowout preventer and tested
casing to 1000 psi for 20 minutes. Cleaned
mud tanks and filled with water. Displac-
ing mud out of hole with water.

Finighed displacing mud with fresh water.
Pulled out of hole. Rigged up Welex to
cement 9-5/8 inch casing and run cutter

in to 1820 feet. Could not get down.

Pulled cutter out and added weight to

cutter but could not get beyond 1820 feet.
Broke cutter off at top of 9-5/8 inch casing
on way out of hole. Called out a welder

and made a tool to fish cutter out of 9-5/8
inch casing. Made up scraper and bit.
Scraper would not go in casing. Received
new scraper and tripped in hole to 2000 feet.
Circulated out at 2000 feet. Tripped in
hole to 4000 feet. Circulated out at 4000 -
feet.

Pulled out of hole with bit and scraper.
Rigged up Welex and ran casing cutter in
hole and cut: cas;ng at 3,917 feet. ngged

up Frank s casing tools and pulled on casing
with 215,000 pounds Would not.puyll free.
Laid down cas1ng spear. Rigged up Welex wire-
line and ran in eutter and cut casing at

Eaton Industries of Houston, Inc.
DOE CONTRACT NO. Eaton Operating Co., Inc.

DE-ACO8-80ET-27081
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‘Daily Drilling  ' ‘ o :
Report Date Day No.  Operations

' 3817 feet. Pulled out of hole and rigged
i down wireline,iPicked up casing:épear and |
». circulated with 500 pounds. Pulled 245,000
© . poundston casing, but casing would not -
“+ipull-free,  Rigged up wireline and ran
, » cutter back in hole and cut casing at
vt bos o ovodeteis we!1003024 féet, Pulled. out of hole-and rigged
ST IR -7 ... -down'Welex. Pulled on casing with 245,000
Y , REER .i:fr oo pounds “but could not pull casing. Picked .
L FoTnoand sl o i Lvdiig oo Uup 9=-5/8 inch casing cutter and cut casing
: : w5 'feet below casing slips and layed down
cutter. Picked up spear and pulled out
the 5 feet of 9-5/8 inch casing. Ran
spear in hole and pulled on casing. 9-5/8
- inch casing slips would not come through
‘bell nipple. After bell nipple cut off
by welder, pulled and layed down casing

=

JES

| spear.

' 9-16-80 ° 2 Laid down 3019 fect of 9-5/8 inch casing

, : ' and rigged down Frank's casing tools. Rigged
[. : ; : o _ ~up Welex wireline while waiting on cement -
A L retainer. Tripped in the hole and set easy-

drill cement retainer at 2900 feet. Rigged
- down Welex. Picked up and tripped in hole
‘with retainer stinger. Finished in hole
~with 45 stands drill pipe and tagged in
retainer. . Rigged up Halliburton, mixed
~ and pumped 450 sacks cement on top of _
retainer. Pulled 12 stands drill pipe and .
rigged down Halliburton. Pulled out of
hole laying down tubing.

R |

9-17-80 : 25 .  Finished laying down tubing and pumped 75
o S ' : . sacks class "H" cement in top of hole. Rigged
i _down Halliburton and layed down & joints
: tubing. Removed.blowout preventer and o
B loaded out same. Rigging down and cleaning.
s surface mud tanks, Released rig at 0300 on
- 9«17-80. "Continued to rig down.
e
H -
-
{ w) R : : Eaton Industries of Houston, Inc.
1 W2 DOE CONTRACT NO. mii x--n =ri .- Eaton Operating Co,..Inc. - -
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~ Daily Drilling
" Report Date

Operations

9-18-80

-9-19-80-

DOE CONTRACT NO.
DE-ACO8-80ET-27081

' Day No.

26

27

- Rigging down and loading out rental equip-

ment. Cut off wellhead 4-1/2 feet below .
ground level and welded a steel plate on
the 13-3/8 inch casing.

. House trailer, generator, and fuel tank were
‘picked up. Septic and water tanks were

.. -picked up by Oilfield Supply.  Location :
~boards. being picked up by 0Oilfield Construc-i

tion Company.

‘Eaton Industries of Houston, Inc.
Eaton Operating Co., Inc.

3100 Edloe

Houston, Texas 77027

(713) 627-9764
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1 ”Re ort Date ;.

- APPENDIX D" .
. SUMMARY OF RIG OPERATIONS
WAINOCO - GIROUARD NO. 1 -
' DISPOSAL WELL DRILLING ~ -~

- Daily Drilling -i:© o oo o0
o - : 0perat1ons

Byt bl

" 6=7-80

Internatlonal Hammers Services Company drove
14 inch nominal 0.D. (.357 inch wall thick- -

;.. : mness) structural casing to 58 feet below '

.- ground level, using a Delmag D-12 diesel-

i roperated hammer. The final blow count+was

ﬁ;130 blows per: foot.

Movmg Math1eu Dnllmg RJ.g No. 16 to dxsposal
- well locat1on.

:f..Mov:Lng ng £rom test well and rigging up at
dxsposal well locauon.

e R:l.ggmg up rotary drilling rig. Installed.
.- gnnular preventer on structural casing..
‘ Excavated shale pxt.

”A{VCompleted r1gg1ng up. Drilled rat hole and -
mouse hole. Spudded at 0415 on 6-14-80,

Dnlled for one hour. . Stopped drilling to
' repa:.r drawworks. Drilled to 201 feet.

; Suspended dr:.ll:.ug to repair the drum shaft {
hearmgs in the rig drawworks.

;;F:.n:.shed repairing the drawworks. Ran bit
.- back in hole and started drilling. Built
-~ mud. volume in pits. Pulled out of hole to
clean eend from mud pits. Went back to
bottom ‘and started drilling. Drill string
S stuck. .Worked pipe loose and conditioned
 mud. Started dr111mg ahead

*”inr111ed ‘to 1544 feet. Pulled out of hole to
change bottom hole assembly, Ran back in -

hole and c:.rculated and coudznoned mud.
. » p— Eaton Industries of Houston, Inc.
o DOECONTRACT NO: oo 2w - - .. Egton Operating Co,, Inc. . .-
DF ACO8-80ET-27081 PR 3100 Edloe . _ -

Houston Texas 77027 ) ) .
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Daily Drilling
Report Date

Day No.

Operations .. .

6-19-80

6~20-80

DOE CONTRACT NO.
DF -ACO8-80ET-27081

10

Lost 100 barrels of mud. Started pulling
out of hole to run casing. ' Took two in-

clination surveys while pulling the drill
string from the well. Started running

9-5/8 inch 0.D. casing. s

Ran 9-5/8 inch 0.D. 43.5#/ft. N-80 LT&C
casing in well bore to 1534 feet. Rigged

up cementing head and cementing lines. Cir-.
culated well and worked pipe. Cemented
casing with a 12.8 pound per gallon lead -
slurry of 320 sacks of Halliburton Lite

Wate cement with 3% salt. The lead

slurry was followed by a 15.6 pound -
per:gallon tail slurry of 300 sacks of

Class "H" cement with 2Z calcium chloride.

A wiper plug was used to displace the _
cement. When the plug seated in ‘the float
collar, the pump pressure increased to

1400 psi, The pressure was bled to zero

and flowback occurred, indicating the back
pressure valves were holding. While cir-
culating the cement, full mud circulation
was monitored at the surface. No cement

was observed in the mud returns. A string
of 1-1/4 inch 0.D. tubing was run to 120
feet in the casing hole annulus. The annulus
was cemented with 50 sacks of Class 'H"
cement with 2% calcium chloride. No cement
returns were noted, so another annular
cement job was performed at 60 feet using
the same volume. Cement was tagged in the
annulus at 10 feet below ground level.

After the annular preventer had been rigged -
down, the casinghead was. welded. on.to. the
9-5/8 inch 0.D. casing.

After testing the casinghead, rigged up the -
blowout preventers. Changed the pipe rams
from 3-1/2 inch 0.D. to 4-1/2 inch 0.D.

Eaton Industries of Houston, Inc.
Eaton Operating Co., Inc.

3100 Edloe
Houston, Texas 77027
{713) 627-9764 313
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Daily Drilling L N

Report Date __- ., Day No. gperatlons
Attempted to test blawout preventers.‘ Pipe
i -rams would not hold. Removed rams to repair -
L 1nserts.; L ' -

le

jInstalled new inserts in 4=1/2 inch 0.D. o
‘pipe rams. Tested blind rams and casing to
"1500° psi. Tested pipe rams, annular prevent-
‘er, choke and kill lines, upper kelly valve,
“TIW lower kelly valve, and the inside blowout
“preventer to 2000 psi. Ran in hole with

“8=1/2 inch 0.D. bit and: tagged cement at
"‘“1451 feet; Shut down to repair drawworks.

Installxng new main shaft in drawworks.’

anzshed rig repa1rs. Ran in hole with an
og=1/2 inch 0.D. bit and drilled cement from
1451 feet to 1455 feet, the float collar

- ‘gt 1455 feet and the shoe at 1533 feet.
: Started dr1111ng new formation.

Drxlled to 2406 feet. 0bta1ned an inclina- -
- tion survey at 2174 feet showing 1° devia-
i t1on frOm vertxcal

_;~5Dr111ed to 2573 feet. Pulled out of hole

- for‘a new bit. Ram back in hole and drilled:

‘to 2976 "feet. Obtained ag- inclination sur—
" 'vey‘which indicated 1-1/4° deviation from

i vertzcal. Drzlled ghead to 3250 feet.

",‘1163*i~ Dr111ed to 3965 feet. Took an inclination
“4ofiottvigyrvey which indicated 1/2° deviatiom.
Drilled ahead and circulated 1 hour due to
“excessive sand in mud returns. Drilled to
:m“4580 feet. : ‘

17 - Drllled ‘to 4606 feet, Circulated and con-
. ditioned mud and ran an inclination survey.
ERE ;““l The survey showed 1° inclination at 4606 ,
’ - feet, Pulled out of hole and ran induction °

& e e log and ‘formation density log. Ran back
RS S L AN - 2 hole ‘and drilled to 4616 feet., Started

i
t

Eatdn Industries 6f Houston, Inc.

"DOE CONTRACT NO. ~ 7 7% s Eaton Operatmg Co AngL o e e
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Daily Drilling

Day No.

Operations

“Report Date

6~28-80

6-29-80

6-30-80_

NOE CONTRACGT NO.

DF ACO8-80ET-27081
284 - ’

18

19

.20

pulling out of the hole and laying down
drill pipe. The final mud properties were:
mud weight, 9.0 pounds per gallon; funnel
viscosity, 42 sec./qt.; plastic viscosity,
14 centipoise; yield point, 7 1b,/100
s8q.ft; initial and 10 minute gel strength,
2 and 6 1b./100 sq.ft.; ph, 10; API water
loss, 18cc/30 min.; chlorides, 1800 mg/L.
Bit weight was 10,000 to 20,000 1bs., and
_rotary rpm was 110. Hydraulics while
drilling consisted of approximately 300
gpm circulation rate through three 10/32
inch nozzles with 1300-1600 psi pump dis-
charge pressure.

the drill string. Change the pipe rams in
the blowout preventers to run 5-1/2 inch

0.D. 15.5 pound per foot casing. Ran 126
joints of casing to 4607 feet. Cemented
with 1850 sacks lead slurry of Halliburton
Lite Wate cement followed by 500 sacks

Class "H" cement tail slurry. Had full
surface mud returns while circulating cement.
The displacement wiper plug was seated in
the float collar with 2200 psi. Started
nippling down blowout preventers. Set slips
in casinghead and started cutting off casing.

Finished nippling down blowout preventers
and cutting casing. Installed 6 inch x

10 inch Brewster tubing head and tested to
2000 psi. Unloaded 2-7/8 inch drill pipe. -
Nippled up 6 inch 5000 psi working pressure
blowout preventers. Picked up a 2-7/8 inch
0.D. kelly, drill collars, and a 4~3/4" -
0.D. bit.

. Picked up 2-7/8 inch 0.D. drill pipe and

rai in well., Tagged cement at 4520 feet.
Displaced mud in the well bore with 9.5
pound per gallon saltwater. Tested casing

- Eaton Industries of Houston, Inc.

Eaton Operating Co., Inc.

- 3100 Edloe
Houston, Texas 77027
(713) 627-9764
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' Daily Drilling S
Report Date Day No. ~ Operations

~ to 1500 psi. Pulled out of the hole. Ran
"fgamma-ray and cement bond logs. Ran a gauge °
iring-and: junk basket to 4520 feet. Found no : -
'5:obstruct1ons. :

{““

RS L0 T2 () ENENE T A S5 PGS .Pulled gauge rzng and Junk basket. A 3-1/8
A .o - iinch 0.D. casing perforatxon gun was run and -
. the casing perforated from 4340 feet to
. 4420 feet with & ghots per foot. Ramn in :
.~ hole with a Halliburton RTTS packer and 2-7/8
..~ inch 0:D; drill pipe and set at 4313 feet. :
i ’'Pressure: tested the drill pipe/casing an=
-~ nulus to 1000 psi. Opened the circulating
- - port im the packer and displaced tubing
© with 14,636 standard cubic feet of nitrogen. °
.. -Bled .off mitrogen pressure at the surface
i into try-and flow the well, Did not flow.
Opened circulating port in the packer and.
. «tried to reverse:.eirculate with 60 barrels.
; -+ Had'mo. flow at the surface. Rigged up
- .Halliburton to perform injectivity test.
Injected saltwater at the rate of 2-1/4
barrels per mlnute at 1300 psi.

i v e
!

L

t 3
.

legged up a cozled tubzng un1t. Released

- packer -and reset: at 4251 feet. Ran the coiled
' . * - tubing inside the drill pipe to 3000 feet.

e e ilos e vt auizies | - Started jetting with nitrogen at. .300, ‘standard
' -~ _cubic feet per minute to wash sand out of

-4
&
1
[«:]
o
,
N
N

. ed ooofoeenl tndrill pipe.  Hit:sand bridge at 3155 feet.
i S Installed foaming equipment and jetted with
” : i foam: from 3155 feet to 3268 feet. Total re-.
' e q:gcovery was approximately 120 bbls. of fluid
RS : (saltwater and wud) plus a large amount of - .
PR = cuwvery fine sand. Lz
'[J : é e:%Contxnued Jettlng w1th coiled tubing wh11e
W N ! , - getting 20 barrels per hour saltwater re- -
e ¥ i witwediiizs turns, . Rigged down coiled tubing unit and
g ek o :pulled out of the hole with the drill pipe.
v i
- 4
»
A o’ : — , ‘Eaton Industries of Houston, Inc.
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__ Daily Drilling
“Report Date

 7-4-80°
7-5-80°
7-6-80

7-7-80
7-8-80
7-9-80
7-10~-80

7-11-80

7-12-80

DOE CONTRACT NO.
DF ACOB8-80ET-27081

" Day ‘No.

Operations

24

25

26

27
28
29
30

31

32

. Ran a Halliburton EZ bridge plug on wireline
-+ and set 'at 4220'. This was the maximum ’
-depth:.which could be reached due to sand -
in the well bore. Ran back in the hole with
~ 2=7/8 inch 0.D. drill pipe. Started laying

down drill pipe.

Completed laying down 2-7/8 inch 0.D. drill
pipe. ' Started rigging down the drilling

rig. The rig was released at 1700 hours on

July 3, 1980.

. Operations partially suspended while waiting
on rig to be moved. No truck transportationm .

was available due to holiday. Moved some
rental tools and equipment.

.Operations partially suspended while waiting

on rig to be moved. WKM service representa—
tives rearranged flow loops on the test well
tree.

Moving the rig off location. Rig 807 moved.

Moved the rig off location.
Cleaned up location for wireline work.
Cleaned and leveled locationm.

Rigged up Welex and Halliburton and per-
forated well from 2,870 to 3,000 feet with
3-1/8 inch casing guns, 4 holes per foot.
Made 7 runs and performed injection test
after each run. After perforating, Welex
tagged bottom at 4,217 feet. R

Rigged u§ Halliburton and acidized well with‘

5,000  gallons of FE acid with 250 galloms
of OWG diverter and 8 gallons of HAI-55
corrosion inhibitor followed by 10,000

Eaton Industries of Houston, Inc.

Eaton Operating Co., Inc.

3100 Edloe
Houston, Texas 77027
{713) 627-9764
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Daily Drilling " : ‘
Report Date 7 Day No. ~ Operations

gellons of HF acid with 16 gallons of

HAI=-55 corrosion inhibitor. Displaced -
- acid - with 130 barrels of saltwater and
"~ performed injection test.

" o
P
L |
P
r
-
( . '»
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