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APPENDIX A

SUPPORTING MATERIAL AND PROCEDURES FOR "DATA FRAC"

STIMULATION OF ZONE 6 USING NITROGEN AND NITROGEN FOAM

A-I Log of Field Operations to Prepare Well for Test and for the

Frac Operations

A-2 Data Frac Analysis Report by Dowell Schlumberger, Inc.



_" ." APPENDIX A-1

PRE-FRACTEST LOG OF FIELD OPERATIONS

August 13, 1987

8:00 a.m. Pool Well Service and Dowell-Schlumberger on location.

Nippled down the wellhead and flowlines. Blew down

the well to atmosphere.
e

9:00 a.m. Tripped out of the hole with the tubing to check the

packer element on the bottomhole assembly. Packer

elements in good condition.

9:45 a.m. Tripped in the hole with the bottomhole assembly + i00

jts tubing.

12:00 noon Brake pads on the workover rig worn out. Shut down.

Waiting for mechanic.

2:00 p.m. Shut down overnight.

August 14, 1987

8:00 a.m. Tore down brakes on the rig.

2:00 p.m. Rig mechanic replaced worn out brake pads.

3:30 p.m. Continued tripping in the hole with the tubing.

Closed all port collars while tripping in the hole.

6:00 p.m. Positioned the bottomhole assembly over closed port
collar #i at 5746'. Shut down overnight.

August 15, 1987

8:00 a.m. Rigged up Dowell-Schlumber to pressure test port

collar #I. with nitrogen.

9:30 a.m. Tested port collar #i to i000 psi - held o.k.

i0:00 a.m. Blew down tubing. Tripped out of the hole and

positioned the bottomhole assembly over port collar
#2 at 5555'.

11:05 a.m. Attempted to test port collar #2 with no success.

11:15 a.m. Re-positioned the tubing to repeat the test.

11:50 a.m. Pressure tested port collar #2 to i000 psi - held o.k.

12:00 noon Pulled out of the hole to port collar #3 at 5464'.

12:30 p.m. Attempted to test port collar #3 with no success.

1:00 p.m. Re-positioned the tubing over port collar #3 in

order to repeat the test.

1:20 p.m. Attempted a second test on port collar #3. w_th no
success. Port collar #3 did not test.



1:30 p.m. Pulled out of the hole and positioned the tubing
over port collar #4 at 5319'.

2:05 p.m. Pressure tested port collar #4 to 1000 psi - held o.k.

2:10 p.m. Pulled out of the hole and positioned the tubing

over port collar #5 at 5229'.

2:30 p.m. Pressure tested port collar #5 to i000 psi - held o.k.

2:40 p.m. Pulled out of the hole and positioned the tubing

over port collar #6 at 5129'.

3:05 p.m. Pressure tested port collar #6 to i000 psi - held
o_k.

3:15 p.m. Pulled out of the hole and positioned the tubing

over port collar #7 at 5038'.

3.45 p.m. Pressure tested port collar #7 to Ii00 psi - held

o.k. Pressure tested port collars #8, #9, #i0,

#ii, #12, #13 and #14 to 500 psi - held o.k.

Note: Dowell did not have enough nitrogen on loca-
tion in order to test port collars #8 - #14 to I000 psi.

4:00 p.m. Tripping out of the hole with the tubing leaving all

poz_ collars except #ii in the closed position. Port

collar #ii was left open for the mini-frac in zone #6.

6:00 p.m. Shut down overnight.

August 16, 1987

2:00 p.m. Finished tripping out of the hole with the bottomhole

assembly and laid down same.

4:30 p.m. Made up new bottomhole assembly consisting of 2-3/8"

bull plug + 2-2 3/8" pup joints + one set Baker

bottom isolation cups + 1 jt 2-3/8" tubing + perforated

sub. Tripped in the hole with the bottomhold assembly

on 133 jts 2-3/8" tubing. (Total length = 4357.91')

Top of the Baker Isolation cups at 4346' which is

55' below port collar #ii at 5291'. Note: Installed

an Amerada bottomhole pressure recorder in the

bottomhole assembly (2000 #Spring - 24 hr clock).

Started clock at 4:30 p.m. on 8/16/87.

7:30 p.m. Nippled up the wellhead and flowlines.

8:00 p.m. Shut-in the well and shut down overnight.

August 17, 1987
I

9:00 a.m. Rigged up Dowell-Schlumberger (D-S) to perform
Data-Frac on zone #6: Waited 1 1/2 hrs for treatment

monitor vehicle. (TMV).



10:30 a.m. TMV arrived on location. Tested D-S lines to

3000 psi w/ N 2. - found numerous leaks (7 tests).

Repaired pressure transducers on TMV unit.

1:17 p.m. Started treatment #i. Faulty transducers on TMV.

Shut down and repaired same.

2:20 p.m. Re-started treatment #i. Pumped nitrogen down the

2-3/8" x 4-1/2" annulus at a rate of 2500 scf/minute.

Shut in tubing pressure increased from 0# to a

maximum of 804# at which pressure the downhole pump
rate was equivalent to 8.8 BPM. A total of 62,500

SCF N 2 was pumped during this stage. Total

pump time = 25 minutes. One pressure break was seen

after 12 minutes of pumping - tubing pressure

dropped from 761# to 726#.

2:45 p.m. Shut-down. ISIP = 754# 5 minutes = 707# i0 minutes = 680#
Left well shut-in for a total of 55 minutes. Final

SITP = 555#

3:41 p.m. Started pumping treatment #2. Pumped nitrogen down

the annulus at a rate of 7500 - i0,000 scf/m. Shut-in

tubing tubing pressure increased from 555# to 916#

at which pressures the downhole pump rates ranged from

38 BPM to 23 BPM. A total of 112,500 SCF N 2 was
pumped with a total pump time of 15 minutes. The

shut-in tubing pressure stabilized at approximately

900 psig after 7 minutes of pumping and remained

stabilized throughout the treatment.

3:56 p.m. Shutdown pumping and shut-in the well. ISIP = 901 psig

5 minutes = 788 psig i0 minutes = 738 psig Total shut-in

time = 1 hr 25 minutes. Final SITP = 574 psig.

5:21 p.m. Started pumping treatment #3. Pumped 80 quality foam

down the annulus at a downhole rate of 5 BPM. Nitrogen
injection rate ranged from 1200 to 1600 Scf/minute

while holding the liquid rate constant at 1 BPM. Tagged
the foam with 5 millicurries of radioactive scandium 46.

A total of 24,000 scf N 2 plus 20 Bbls 2% KCL water was
pumped with a total pump time of 20 minutes. The foam

was flushed to bottom with 45 Bbls of 80 quality

foam at a pump rate of 5 BPM. The flush was tagged
with radioactive Iodine #131 for treatment #4. The

maximum casing pressure for treatment #3 was 888 psig.
Maximum SITP = 907 psig.

5:52 p.m. Shut-down pumping and shut-in the well. Tubing

ISIP - 907 psig. 5 minutes = 877 psig. i0 minutes

= 873 psig. Total shut-in time = 1 hr Final SITP =

765 psig.



6:50 p.m. Started pumping treatment #4. Pumped 80 quality
foam down the annulus at a downhole rate of 15 BPM.

Nitrogen injection rate ranged from 4100 scf/minute

to 4600 scf/minute while holdin 9 the liquid rate

at 3 BPM. Tagged the foam with i0 millicurries of

radioactive Iodine #131. _ total of 74,000 scf N 2

plus 51 Bbls 2% KCL water was pumped with a total

pump time of 17 minutes. The foam was flushed to

bottom with 33,600 scf N 2 at a rate of 5100 scf/m.
(overflushed 35 Bbls).

7:14 p.m. Shut-down pumping and shut-in the well. Tubing ISIP=III4

psig 5 minutes = 1055 psig i0 minutes = 1043 psig.

Total shut-in time = 50 minutes Final SITP = 966 psig.
Rigged down D-S.

9:45 p.m. SITP = 880 psig SICP = 905 psig Opened the well to

the test seperator on a 1/16" choke. Initial gas/N 2
rate = 195 mcfpd.

August 18, 1987

12:00 Mn Gas/N 2 Flowrate = 170 mcfpd FTP =695 psig SICP = 725 psig
1/16" choke.

1:15 a.m. Increased tubing zhoke to a 17/64". Flowrate

increased to 500 mcfpd (Gas/N2). FTP= 580 psig SICP = 640
pslg

2:00 a.m. Increased tubing choke to 48/64".

2:10 a.m. First fluid to surface. Well unloading foam and
liquid.

2:30 a.m. Well unloading steady stream of fluid. FTP = 40 psig
SICP = 320 psig.

4:30 a.m. FTP = 40 Psig SICP = 40 psig, 48/64" choke.

4:45 a.m. Recovered a total of 6 Bbls fluid. No fluid recovery

last 15 minutes. Reduced tubing choke to 36/64".

Gas/N 2 rate = 120 mcfpd.

6:00 a.m. FTP = 25 psig SICP = 25 psig Gas/N 2 rate = 93 mcfpd
36/64" choke.

9:00 a.m. FTP = 25 psig SICP = 30 psig Gas/N 2 rate = 76 mcfpd

ii:00 a.m. Opened the well to atmosphere. Nippled down the

wellhead. Pulled out of the hole with the tubing

and bottomhole assembly. Removed the Amerada pressure
chart and sent in to be evaluated.

4:30 p.m. Shut down overnight. Left well shut-in overnight.

August 19, 1987

8:00 a.m. Met with Dresser-Atlas wireline on location. Inspected
tools for running tracer survey log. Dresser-Atlas



wireline was 9/16" diameter which was too large to

safely run inside the 4-1/2" casing outside of the

2-3/8" tubing string. Note: Dresser was instructed

to bring 5/16" line.

12:00 noon Ordered out Nowsco coiled tubing unit for 8/20/87.

4:00 p.m. Ordered out special tubing connections for coiled
tubing shut-down overnight.

August 20, 1987

6:00 a.m. Nippled down wellhead Rigged up Dresser-Atlas and

Nowsco coiled tubing unit.

6:45 a.m. SICP = 205 psig (18 hrs) Blew down well to atmosphere.

8:30 a.m. Run in the hole with gamma ray and temperature logging
tools on 9/16" wireline to 3374'. (50 ° deviation).

9:00 a.m. Made up 2-3/8" side entry sub on bottom of i"
coiled tubing. Run in the hole with the coiled tubing

to the top of the loging tools at 3374'.

11:00 a.m. Tagged wireline tools with coiled tubing. Pushed the
tools in the hole at a rate of 50ft/minute to a

maximum depth cf 4666'. (Ran temperature log while

running in the hole) Unable to get below 4666'.

12:00 noon Pulled out of the hole with coiled tubing and wireline

to 4586'. Attempted to run in the hole at a higher

speed with no success.

12:35 p.m. Logged with the spectro-gamma ray from 4578' to 3400'
at 12 ft/minute.

2:25 p.m. Tripped back in the hole with logging tools and
coiled tubing to 4698'. Logged Run #2 from 4698'
to 3400'.

i

4:55 p.m. Pulled out of the hole with coiled tubing and wireline.
Note: Coiled tubing and wireline wrapped around

each other while tripping in and out of the hole

which made it necessary to cut off tne last 90 +

feet of coiled tubing in order to remove it from

the hole. Rigged down Dresser and Nowsco.

8:30 p.m. Shut well in and shut down overnight.

August 21, 1987

7:00 p.m. Tripped in the hole with the opening and closing
sleeve positioners on 2-3/8" tubing to 4020'.

Nippled up the wellhead and flowlines. Note: All

port collars are in the closed position except port
collar #ii at 4291' (Zone 6).

ii:00 a.m. Shut-in the well for a pressure buildup. Flow test
will start on 8/22/87. Shut down overnight.



APPENDIX A-2

DATA Fv,AC ANALYSIS REPORT BY DOW'ELL SClILUMBERGER

THE BDHCORPORATION
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_ DOWELL SCHLUMBERGER INCORPORATED



I. BACKGROUND

Zone #6 of BDM's Recovery EfficiencyTest #I well was treatedwith four
injections for fluid loss and closure stress analysis. The overall
configurationof the well is shown in Figure I and the table below.

Table I: ZONES

PORTS FRACTURES
ZONE LENGTH OPEN OBSERVED

(ft)
8 291 8 I major, 6 minor
7 91 4 I major, 3 minor " .
6 134 4 5 minor
5 602 12 22 minor
4 181 8 8 major, 22 minor
3 365 12 10 major, 12 minor
2 419 4 8 major, 7 minor

Further data is included in Appendix I.

II. DATAFRAC ANALYSIS"

Four DataFRAC treatmentswere pumped. These were analysed to estimate in-situ
stress regimes and leakoff characteristics. These can be summarizedas
follows"

Table II: DATAFRACANALYSIS

NOMINAL
TREATING AVERAGE

ZONE FLUID RATE IDENTIFIER

"I
6 N2 g.3bpm I

6 N2 2gbpm 2

6 Foam.2 5bpm 3

6 Foam ]Ibpm 4

*I Straight Nitrogen
*2 80 Quality Nitrogen Foam

III. DATAFRAC ANALYSIS FOR A COMPRESSIBLEFLUID"

BACKGROUND

Fracture pressure decline analysis techniquesare used to estimate hydraulic
fracture geometry, fluid efficiencyand in-situ leakoffcoefficients.

N " f I



FIGURE I- WELLBORESCHEP,IATICtcourtesy of BDM)
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Dowell Schlumbergercurrentlyhas three methods availablefor analyzing
fracture pressure declinedata when compressiblefluids are used. These are"

I. The ,UncorrectedMethod"
2. The "PressureCorrectedMethod"
3. The ,'G-FunctionCorrectedMethod"

A detailed discussion of these techniques is outsidethe scope of this report.
However, a shurt descriptionis provided below:

The ,'UncorrectedMethod"

As the name suggests,expansionof the fluids due to pressure decline or
thermal effects is neglected. This method is generally appliedto only
slightly compressiblefluids.

The "Pressure CorrectedMethod"

This method uses compressibilitydata and estimatesof formationtemperature
redict a theoreticalpressure decline that would be observed if

effects to p --_ -^+ ^_cur Volume and injectionrate are also,corrected
fluid expansion alU ,u_ w •
for expansion effects.

The "G-Function_CorrectedMethod_

This method adjusts the G-Functionusing the ratio of the slope of the actual
pressure decline to the slope of the theoreticalpressure decline. This
method was used for these analyses.

BASIC FRACTUREPRESSUREDECLINE ANALYSISHETHODOLOGY

The methodology used in fracture pressure decline analysis is"

I. Delineationof the fracture closure period
2. Estimationof closure pressure and closure time
3. Calculationof the Nolte Match Pressure (PSTAR).
4. Use of 2D analyticalsolutions to calculate

a) Fluid Efficiency (Vf/Vi
b) HydraulicGeometry (Lf nd w)
c) Total in-situleakoff coefficient(C)

For a discussion of fracturepressure decline analysis includingthe
"G-Function,"and techniquesfor consideringcompressiblefluids, please
consult the references.
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IV. DATAFRAC ANALYSIS FOR DEVIATED WELLS:

The basic premise of DataFRAC analyses is for analysisof single fracture
systems along the axis of the wellbore. To simplisticallyaccount for flow
into more than one fracture,the following simplifyingassumptionswere made.

• Assume injected volume is the total injectedvolume divided by n,
where n is the number of fractures takingequal amountsof fluid•

• Assume injectionrate is the total injectionrate, divided by n,
where n is the number of fracturestaking equal amounts of fluid•

V. ANALYSIs•

The following assumptionswere made for all analyses:

Youngs Modulus .......... 3.5 x 106 psi
Poison's Ratio ..... . . . 0.2• " . . . 200 ft
Net Height ......... . . . 247 ft
Gross Height ........ I 0

# • • • • • • • •

n (straightN2_ • . .n' (80 quality Dam) . . . . . .45

The raw data, as measured by the Dowell SchlumbergerTMV is included in
Appendix III.

The first phase of the analysis,for each test, was to evaluate closure
stress. This was done by lookingat a number of graphicalrepresentationsof

post-shut-in pressuredata. These included"

• CartesianPlot of Pressure vs Time - Generally,this plot reveals
little about closure stress levels (I).



• LogarithmicPlot of Pressure Differentia]vs Time Since Shut-ln -
Characteristicportions of this plot are unit slope (wellboreand/or
fracturesystem storage), half-slope (linear flow suggestingan open
fracture),quarter-slope (suggestingfracture and formationflow),
pseudoradialflow (suggestinga closed fracture system) (2).

• Square Root of Time and SuperpositionPlots - Straight line behavior
suggestslinear flow (fractureopen) (3),(4).

• Horner Plot - Processing post-shut-indata as a Horner plot will
provide indicationsof radial flow if straight line portions exist
C5).

• G Plot (TheoreticalNolte Plot) - This is an alternateprocessing of
data, refining Nolte's earlier analyses, lt allows discrimination
of wel!bore storage, continued fracture extension, progressive
fracture closure....(6).

(Numbers in parenthesesabove cor,_.lateto columns in Table III.)

Assessment of closure stress was made by using all of the available plotting
techniques. The results are shown in the followingtable.

Table Iii: CLOSURESTRESS

TEST ..... CLOSURE'STRESS (psi) .'_"
IDENTIFIER 1 .2. 3 .l ...4....... 5_i 6 "

I ? ? Still Open 825 840 855

2 ? 850 960,840 go0 850 840

3 ? Still Open 1010? 1060 1050? 1010?

4 ? Wellbore ? ? ? Has Not
Storage Closediiii I i ii ii ......

Summarizing this information"



Table IV: CLOSURESTRESS

"1
TEST BOTTOMHOLE BOTTOMHOLE CLOSURE
IDENTIFIER CLOSURE STRESS STRESS/3400 FT

(psi) (psi/ft)
ml

I 825-855 (850) •25

2 840-960 (850) •25
1066 .31

3 10)0-1060 (1050) .31

4 _ Didn't Close

_I Values in parentheses adopted for engineering purposes.

The implicationsmay be as follows:

i) Two different stress regimes appear to have been identified (.25 psi/ft,
.31 psi/ft)

ii) These probably represent natural fracture systems, which may be open.

iii) Entry into the lower stressed zone is possible at low rates and/or with

low viscosity fluids (low rate N2 injection).

iv) Increased rate with higher viscosity fluids may open up multiply oriented
fracture systems.

v) Higher viscosity fluid at low rate (Test 3) definitely went into the
higher stressed system, lt is uncertain how much went into the lower
stressed system.

vi) Shut-in data from test 4 was not monitored long enough to show closure.
Processing BDM's flowback informationmay be extremely informativefor
substantiatingstress regimes.

The questions which arise are"

• Are these different stressed zones fracture systems at acute angles?

• Does the higher stressed zone imPly fracturing along the axis of the
welIbore?

• Does tagging from the foam fracs provide any indication of
orientation under low or high rate conditions?

• Can rate/viscositycontrol be favorablyused to optimize
stimulation?



FLUID LOSS COEFFICIENT

Calculationof the total fluid loss coefficient proceeded in an approximate
fashion, based on assumptions and limitationsdescribed previously. The
calc_41ationsindicate the following"

Table V: TOTAL FLUID LOSSCOEFFICIENT

TEST NUMBER FRACTURES FLUID LOSS COEFFICIENT ....

TAKING FLUID (ft//mi n)
, ,, ,,, , ,

1 1 1.38 X 10.3
2 1 10 X I0"_
5 8140 X I0-]
I0 6.40 X I0-_

._ ,, ,, w

2 1 1.05 X 10.3-4

2 8!3 X 10_45 6 1 X 10.410 4 9 X 10
,, ,, ,, w

3 1 8.3 X 10-4 1.02 X 10"34

2 8i05 X 10- 45 .9 X 10- 410 7 X 10-

4
4 1 5 95 X 10- 4

2 4175 X I0-4
4 3.75 X 10-4
8 2 75 X I0-

..

The pertinent observationsare as follows:

• The leakoff coefficient for n fractures is proportionalto the
square root of the n' ratio (i.e. viscosity function) as
anticipated.

• Fluid loss and consequentlyfracture dimensions are smaller for
entry into multiple fractures.

• Second injectionof individual fluids indicates reduced fluid loss,
likely due to compressibility (stiffening)due to injectionof the
previous DataFRAC stage.



• For design purposes, presume that there is only one fracture when

foam is injected, implying Ct - 1.45 ft/m_.

• For design purposes, for nitrogen presume that there are five

, fractures taking fluid giving Ct = 1.45 ft/_. (5 fractures,
stage 2).

• lt is coincidental that the above calculated coefficientsare the
same.

GEOMETRY PREDICTIONS

Using calculated/inferredfluid loss coefficients, some estimates of fracture
e_eometrywereprepared, using a pseudo three-dimensionalfracture height growth
simulator. The scenarios considered are as follows:

Table VI: P3DH SIMULATIONS

TEST FLUID RATE VOLUME RESERVOIR.I STRESS.2 Ct NUMBER
CASE (SURFACE) (SURFACE) THICKNESS CONTRAST FRACTURES
_ (SCFM) (SCF) (FT) (PS!)

I N2 5000 6 X 105 250 200 1.45 X I0"3 I

2 N2 5000 1.5 X 106 250 200 1.45 X 10-3 I

3 N2 25000 6 X 105 250 200 1.45 X 10-3 I

4 N2 25000 1.5 X 106 250 200 1.45 X 10.3 I

5 N2 5000 6 X 105 250 200 6.1X 10-4 5

6 N2 5000 1.5 X 106 250 200 6.1X 10-4 5

7 N2 25000 6 X 105 250 200 6.1X 10.4 5

8 Nx 25000 1.5 X 106 259 .... 200 6.1X 10.4 5

"I The point of initiation was taken to be 50 ft from the reservoir bottom.

*2 For purposes of illustrationstress contrast above and below the Lower
Huron was taken to be 200 psi.

The results may be summarized as follows"



Table VII: P3DH SIMULATIONS

TEST WELLBOR____
CASE WIDTH HEIGHT HEIGHT LENGTH

(in) (ft) (ft) (ft)

.013 206 53 468
2 ? ? ? ?
3 .036 214 54 959
4 .036 214 54 1551
5 .008 203 52 230
6 ? ? ? ?
7 .022 208 53 443

8_______ .02_?_____ 208 _ 734

Cases 1 to 4 presume entry into one fracture. Predicted widths for the low
rate situations are small and suggest that asperity override or other
mechanisms of self-propping will be essential. Lengths should be assessed
qualitatively only. It seems possible that fluid loss may be higher than
anticipated.

Cases 5 to 8 presume entry into 5 fractures. Predicted widths for the low
rate situations are small and suggest that asperity override will be required
for long term conductivity.

lREATMENT; The actual treatment designed for this well is summarized in
Table VIII and in Appendix III. Post shut-in data processing indicates a
closure stress in the vicinity of 790 psi. This corresponds to a perceived
gradient of .23 psi/ft, based on a depth of 3400 ft and is within experimental
accuracy of previous predictions. Fluid loss cannot be calculated because
rate was not constant during the treatment. The treatment schedule was
simulated as accurately as possible in a pseudo-three-dimensional height
growth simulator; assuming five fractures taking fluid.

Table VI!I: TREATMENTSCHEDULE

STAGE RATE VOLUME VOLUME
I0-3 10-3

(scfm) (scf) (scf)

I 2000 60 60
2 4000 20 80
3 3000 60 140
4 3500 122 262
5 4000 128 390
6 4500 180 570
7 4800 240 810
8 5000 355 1165

Anticipated results are shown in Figure 2.
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SUMMARY:

i) Fluid loss coefficientswere ascertainedfor n fractures accepting fluid.
(Refer to Table V.)

ii) Closure stress data shows two stress regimes, .25 and .31 psi/ft.,
probably indicating individual natural fracture systems.



APPENDIX B

SUPPORTING MATERIAL AND PROCEDURES FOR STIMULATION NO. 1

NITROGEN GAS FRAC ON ZONE NO. 1

B-I Log of Field Operations to Prepare Well for Stimulation Operations

B-2 Log of Field Operations During Nitrogen Stimulation of Zone
#I

B-3 Bottomhole Pressure and Temperature Measurements by Geosciences,

Incorporated

B-4 Laboratory Report by Halliburton Services Analyzing Data Collected

During Frac Job
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• APPENDIX B- :l

LOG OF FIELD OPERATION TO PREPARE WELL AND TO STIHULATE ZONE #1 WITH NITROGEN GAS

BDM - RET WELL #1

Field Operations 9/22/87 - 9/25/87

Sept. 22, 1987

7:00 a.m. - Met Pool Well Service and Geoservices, Inc. on

8:00 a.m. location. Shut-in tubing pressure = 190 psig

(Note: Only Zone #6 is open - the well has been
shut-in since 7:30 p.m. on 9/8/87). Blew down

the well to atmosphere.

8:00 a.m. -

5:00 p.m. Nippled down the wellhead and tripped out of
the hole with 123 joints 2 3/8" tubing + opening

and closing sleeve positioners. Made up new

bottomhole assembly. Installed Geoservices

bottomhole pressure recorders (2) + temperature
recorder inside the 2 3/8" tubing. Tr pped in

the hole with 2 3/8" tubing and isolated port

collar #I @ 5746' with the bottomhole assembly.

All port collars except #1 are in the closed

position. Tubing detail as follows:

TUBING DETAIL FOOTAGE

1 2 3/8" Bull Plug 0.68'

1 jt. 2 3/8" 4.7# J-55 Tubing 31.00
1 Baker Bottom Isolation Cups 5.22

1 Closing Sleeve Positioner 3.25

l jt. 2 3/8" 4.7# J-55 Tubing 32.53

1 2 3/8" perforated sub 2.09

i jt. 2 3/8" 4.7# J-55 Tubing 32.42

1 Opening Sleeve Positioner 3.25

1 Baker Top Isolation Cups 4.87

176 jts 2 3/8" 4.7# J-55 Tubing 5705.92

Total 5821.23' (End of Tubing)

Top Cups @ 5711' Center of Perforated Sub @ 5748'

Bottom Cups @ 5784' Top of BHP recorders @ 5797'

Nippled up the wellhead and shut-in overnight.
Note: Bottomhole pressure started recording

pressures at 7:42 p.m. on 9/22/87. Scanning

, pressures every 60 seconds. Bomb will stop at
4:00 p.m. on 9/25/87.
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• . APPENDIX B-2
LOG OF FIELD OPERATION FOR FRAC

JOB #1 - N2 FRAC

Sept. 23, 1987

7:00 a.m. - Rigged up Halliburton to pump nitrogen down the

9:40 a.m. 2 3/8" tubing whi]e monitoring pressures on both

tubing and casing. Pressure tested equipment to

5000 psi. Held O.K. Note: Hunter Geophysical
on location monitoring tilt meters. (8)

9:40 a.m. - Started pumping nitrogen down the tubing (Zone #I)

12:30 p.m. at a rate of 2000 scf/m. Compu-van was not cal-

culating friction pressures. Shut-down. Field

operator unable to correct compu-van program.
Called Duncan, OK and talked with Mark Van Domilin

about programming errors and corrected same.

12:30 p.m. - Pumped nitrogen down 2 3/8" tubing and into Zone

7:30 p.m. #I @ 5746 as follows:

STAGE RATE VOLUME CUM. VOLUME

(SCF/m) (SCF) (SCF)
1 2000 60,000 60,000

2 4000 20,000 80,000

3 3000 60,000 140,000
4 3500 122,000 262,000

5 4000 128,000 390,000

6 4500 180,000 570,000

7 4800 240,000 8]0,000

8 5000 . 355,000 1,165,000

Maximum treating pressure = 1565 psig @ 5000

scf/m. ISIP = 776 psig. 5 minutes = 745 psig.

i0 minutes = 735 psig. 15 minutes = 725 psig.

Rigged down Halliburton.

7:30 p.m. - Opened the well at 7:30 p.m. on an 8/64"

12:00 a.m. tubing choke. Initial tubing pressure = 620

psig. Flowed the well overnight as follows:

Time TP CP LP DIFF Gas/N 2 Choke

(Psig) (Psig) (Psig) (Inches) Rate (/64ths)
(Mcfpd)

7:30 pm 620 0 Open Well (3/4" plate) 8/64

8:00 pm 609 0 65 86 295 8/64

8:30 pm 590 0 65 84 285 8/64

9:00 pm 580 0 58 82 275 8/64

9:30 pm 569 0 57 80 270 8/64

I0:00 pm 557 0 55 78 260 8/64

]0:30 pm 546 0 54 79 259 8/64



i

GAS/N 2

Time TP CP LP DIFF RATE CHOKE

" (Psig) (Psig) (Psig) (Inches) (mcfpd) (/64ths)

11:00 pm 535 0 53 76 258 8/64

11:30 pm 520 0 52 74 250 8/64

Sept. 24, 1987

12:00 am 505 0 50 73 245 8/64

12:30 am 493 0 50 71 240 8/64

I:00 am 480 0 48 70 235 8/64

1:30 am 470 0 47 68 230 8/64

2:00 am 460 0 45 66 220 8/64

2:30 am 450 0 44 64 215 Incr. 12/64

3:00 am 310 0 . 83 I00 350 12/64

3:30 am 285 0 70 92 315 ]2/64
J

• L!:00 am 265 0 61 82 280 12/64

, 4:30 am 249 0 54 74 250 12/64

5:00 am 235 0 48 70 235 12/64

5:30 am 222 0 43 63 215 12/64

6:00 am 209 0 40 58 200 12/64

6:30 am 196 0 36 55 190 12/64

7:00 am 184 0 34 51 175 12/64

7:30 am 172 0 30 50 168 12/64

8:00 am 165 0 30 48 165 12/64

8:30 am 158 0 28 46 158 12/64

9:00 am 151 0 27 44 153 12/64

9:30 am 145 0 26 43 150 12/64

10:00 am 139 0 25 41 143 12/64

]0:30 am 134 0 25 40 140 12/64

11:00 am 2]0 0 Shutin 20 min. to install back press regulato]

11:30 am 165 0 67 10 102 12/64

12:00 Noon 142 0 67 7 86 12/64

12:30 pm 129 0 65 6 78 12/64



n

' GAS/N 2Q

• Time TP CP LP D IFF RATE CHOKE

(Psig) (Psig) (Psig) (Inches) (mcfpd) (/64ths)

Sept.24, 1987

I:00 pm 121 0 65 6 78 12/64

1:30 pm 116 0 65 5 71 12/64

2:00 pm 113 0 65 5 71 12/64

2:30 pm Ii0 0 65 5 71 12/64

3:00 pm 106 0 65 4 64 12/64

3:30 pm 103 0 65 4 64 12/64

4:00 pm I01 0 65 4 64 12/64

4:30 pm I00 0 64 4 64 12164

5:00 pm 98 0 63 4 63 12/64
Shutin I0 min-

5:30 pm 114 0 67 95 78
Chg plate to 3/8"

6:00 pm I00 0 68 I00 80 12/64

6:30 pm I00 0 80 90 81 12/64

7:00 pm 100 0 80 90 81 12/64

7:30 pm I00 0 80 90 81 12/64

8:00 pm 100 0 82 90 82 12/64

8:30 pm 99 0 81 90 81 12/64

9:00 pm 98 0 80 89 80 12/64

9:30 pm 97 0 79 87 80 12/64

I0:00 pm 95 0 77 86 79 12/64

10:30 pm 94 0 76 85 78 12/64

ii:00 pm 93 0 75 83 77 12/64

11:30 pm 92 0 , 74 82 76 12/64

Sept. 25, 1987 90 0 73 81 75 12/64

12:30 am 89 0 72 79 74 12/64

I:00 am 87 0 " 71 78 72 12/64

1:30 am 86 0 70 77 71 12/64

2:00 am 85 0 70 75 70 12/64

2:30 am 84 0 69 74 69 12/64

3:00 am 83 0 68 72 68 12/64

3:30 am 82 0 67 71 67 12/64

4:00 am 80 0 67 70 66 12/64

4:30 am 80 0 66 68 65 12/64

5:00 am 79 0 66 67 65 12/64

5:30 am 78 0 65 66 64 12/64

6:00 am 77 0 65 65 64 12/64

6:30 77 0 65 63 63 12/64

7:00 76 0 65 62 62 12/64
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Sept. 25, 1987(cont'd)

7:00 am - Shut-in the well at 7:00 am. Nippled down the

5:00 pm wellhead. Blew down well to atmosphere. Pulled out

of the hole with tubing and closed port collar #I @

5746'. Pulled out of the hole to port collar #2 @

5555'. (Zone #2-#3) Opened port collar #2 and

recorded the shut-in tubing pressure for 30 minutes.

Final SITP = 158 psig. Blew down the well and

tripped in the hole and re-opened port collar #i.

Pulled out of the hole with the tubing and bottomhole

assembly. Ali port collars are in the closed position

' except port collar #I - Zone #I. Laid down bottom-

. hole assembly. Recovered pressure bombs (2) and

temperature bomb_ and sent in to be evaluated.

Left all tubing out of the hole. Nippled up flowlines

and rigged down, Pool Well Service. Left well

flowing to atmosphere overnight. Shut-down.





APPENDIX B-3 BOTTOHHOLE _ERATURE _ PRESSURE MEASUREHENTS

Geoservices Inc. Produc±ion

Clien_ : BOM CORP. Survey Date : 08/22/87

Field ld. : WILDCRT Well No. : BOM RET #I
t ##@#@t#_@f_@##@tt#@#@@_#@#@##_@_@@_@##@@#@##@#f@@@@_@@#t #@@@#@@@@ #@@B@f@_ f

Reader Type: Oa_aVieu DISK I.D. NO.: 8DM#I

Skip : 30 Variation : .S

Cal. Oa_e : 08/18187 Cal. Number : JL#I

Cal. Range : 0-50 C Cal. Temp. : 0-50

Cal. [ M ] : .0340587 Cal. II] : Z4.6433

Tool Number: 23 Sensor No. : TSS-Z.3

RDORESS DRY TIME dT dT TEMPERRTURE COMMENTS

HH: MM: SS (hr > (_emp) (deg. F)

? Z2 19:44:00 90.07 GRUGES RF .3415' TVO

3 Z2 19:45:00 90.07 5805' MERSURED DEPTH

4 ZZ 19:46:00 90.07 WELL FLOWING

34 ZZ ZO: 16:00 90. 17

64 Z2 Z0:46:00 90.27
94 Z2 Z1:16:00 90.34

!Z4 Z2 Z1:46:_ 90.41
154 ZZ ZS: t6:00 90.48
184 Z2 3Z:46:0_ 90.51

Z14 22 Z3:16:00 90.55

Z44 ,'3_2 Z3:46:_ 90.58
274 Z3 '_0:16:00 90.61
.304 Z3 _:46:00 90.65
_,34 Z3 _1 : ;6:00 90.68
364 Z3 01:46:00 90.68
394 Z3 '32:16:00 90.7Z
424 Z3 _)Z:46:00 90.7Z

154 Z3 _"3:IG:00 ,90.75

484 Z"3 @3 :46 :00 90.75

514 Z3 _4:16:00 90.75
544 Z3 ,.b4: 46 : 00 90.79
574 Z3 05:16:00 90.79

604 Z3 05:46:00 90.79

634 Z3 06:16:00 90.8Z
_64 Z3 06:46:00 90.82
694 33 07:16:00 90.82
724 Z3 _7: 46:00 90.82

754 Z3 @8:16:00 90.85
784 23 '_8:46:00 90.85
814 Z3 09:16:00 90.89
8Zl ?.3 09:Z3:@@ 0.0000 0.00 90.99 STRRT OF FRRC
8.38 Z3 09,40:@@ 0.2833 0.51 91.50
844 Z3 09:46:@@ 0..3833 0.7Z 91.70 SHUT DOWN
874 Z3 10:16:00 @.88.33 0.95 `91.94
804 Z3 10:46:@@ 1.3833 0.78 91.77
9.34 Z3 t1:16:00 1.8833 0.61 91.60
964 Z3 11:46:00 2..38.3.3 0.48 91.47
994 Z3 1Z:16:_ Z.8833 0..37 91.36

1007 Z3 1Z:Z9:@@ 3.10@0 0..37 91..36 STRRT UP
10@8 23 1Z:30:@@ .3.1166 0.41 91.40 RRTE @Z(Z_ SCF/MIN
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Geoservice6 Inc. Production

Client : 80M CORP. Survey Date : 08/22/87
Field ld. : WILDCAT gell No. : BOM RET _I
ottj@fI@#tttQ_#_tttIf_t@#_t##tI_jft_Qttft@@oj##tfittttft#ftt#ff_@IIftfftff@f_@

RODP,ESS DRY TIME dT dT TEMPERATURE COMMENTS

HH:MM:SS (hr) (temp) (deg. F)

1027 23 12:49:00 3.4333 0.72 91.70 SHUT DOWN

1038 23 13:_:_ 3.6168 0.68 91.67 START UP 04_ SCF/MIN

1046 23 13:08:00 3.79_ 0.68 91.67 REDUCE TO 3000 SCF/MIN
1083 Z3 13:ZS:00 4.0333 0.44 91.43 INCREASE TO 3500 SCF/MIN

;074 23 13:36:00 4.2166 0.10 90.89

1084 23 13:46:00 4.3833 0.61 90.38

1098 23 14:00:00 4.6166 0.92 90.07 INCREASE TO 4500 SCF/MIN

1128 23 14:30:00 5.1166 1.12 89.87

1133 23 14:35:00 5.2000 1.16 89.83

1163 23 15:09:_ S.7_ 1.12 89.87

1170 23 15:IZ:00 5.8166 1.02 89.97 INCREASE TO 4800 SCFIMIN

1200 23 15:42:(_ 6.3166 0.82 90.17

1220 23 16:02:00 6.6500 0.99 90.00 INCREASE TO 5000 SCFIMIN
1246 23 16:28:00 7.0833 1.50 89.49
1262 Z3 16:44:00 7.3500 Z.01 88.88

IZ87 23 17:09:00 7.7666 2.SZ 88.47

1290 23 17:12:00 7.8166 Z.SS 88.44 END OF FRRC

1320 Z3 17:42:_ 88.Z6

1350 23 18:12:00 88.50

1380 23 18:42:@0 88.74

1410 23 19:12:00 89.01
1440 23 19:42:00 89.22
1470 23 20:12:00 89.39
1500 23 20:42:00 89.53
1530 23 21:1Z:00 89.66
1560 23 21:42:_ 89.8@

1590 23 22:12:00 89.90
1620 23 22:42:00 89.97
1650 23 23:12:00 90.00

1680 Z3 23:42:00 90.07

1710 24 00:12:00 90.10
1740 24 00:42:00 90.14
1770 24 01:12:00 90.17
1800 24 01:42:00 90. Z1
1830 24 02:12:00 90.24
1860 24 02:42:00 90.24
1890 24 03:12:00 90.10
1920 Z4 03:42:00 90.00
1950 24 04:12:00 89.93
1980 24 04:42:00 89.9@
2010 24 05:12:00 89.93
2040 24 05:42 :00 89.97
Z070 24 06:12:00 90.00

2100 24 06:42:00 90.07
2130 24 07:12:00 90.10

2160 24 07:42:00 90.14
2190 Z4 08:12:00 90.17
2220 24 08:42:00 90.21
2250 24 09:12:00 90.27
2280 24 09:42:00 90.27
2310 24 10:12:00 90.31
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6eoservtces Inc. Production

Client : BOM CORP. Survey Date _ 08/2Z/87

Field Id. : gILDCRT gell No. : BOM RET _l
_tjt_tt_ttitt__i_t_twtttt__t_t_tti_ttt_i_t_tt#i_jIif_if_t_ot#_

RDDRESS DRY TIME dT dT TEMPERRTURE COMMENTS

HH:MM:SS (hr) (_emp) (dew. F)

Z340 Z4 10:4Z:@@ 90.38
2370 Z4 11:1Z:_ 90.51
Z400 Z4 lI:4Z:@@ 90,48
2430 Z4 IZ:IZ:@@ 90.41
Z460 Z4 12:42:@@ 90.41
2490 24 13:12:@_) 90.41
Z520 24 13:42:@@ 90.41
2550 24 14 : 1Z :@@ 90.44
2580 24 14:42:@@ 90.48
2610 24 15:12:@@ 90.51
2640 24 15:42:@@ 90.51
2670 24 I6:IZ:@@ 90.55
27@@ 24 16:42:@@ 90.55
2730 24 17:12:@@ 90.58

2760 24 17:42:@@ 90.61
Z790 24 18:12:@@ 90.58
Z820 24 18:42:_ 90.61
2850 24 19:12:@@ 90.65
Z880 Z4 19:42:@@ 90,65
Z910 24 20:12:@@ 90.65
2940 24 20:42:@@ 90.68
Z970 Z4 ZI:IZ:@@ 90.68
300_ 24 ZI:42:@@ 90.68

3030 24 ZZ:IZ:@@ 90.68
3060 24 22:42:@@ 90.72
3090 24 23:12:@@ 90.72
3120 24 Z3:4Z:@@ 90.7Z
3150 25 @@:lZ:@@ 90.72
3180 Z5 @@:42:@@ 90.7Z
3210 25 01:1Z:@@ 90.72
3Z40 25 01:4Z:@@ 90.72
3Z70 25 0Z:IZ:@@ 90.72
33@@ 25 02:42:@@ 90.75
3330 Z5 03:1Z:@@ 90.75
3360 Z5 03:42:@@ 90.75
3390 25 04:12:@@ 90.75
3420 25 04:4Z:@@ 90.75
3450 Z5 05:12:@@ 90.75

3480 Z5 05:42:@@ 90.75

3510 25 06:1Z:@@ 90.75
3540 25 06:42:@@ 90.79
3570 25 07:12:@@ 90.79

36@@ 25 07:42:@@ 90.79

3609 25 O7:51:@@ 90.79 BLOW DOWN gELL
3616 25 07:58:@@ 90.75 CLOSE #I

3646 25 08:28:@@ 90.55 OPEN #Z: ZONES 2 & 3
3676 25 08:58:@@ 90.7Z
3704 25 09:Z6:@@ 90.92 BLOW DOWN WELL
3715 25 09:37:@@ 91.19 OPEN _I: ZONE I

3723 25 09:45:@@ 91.09 OPEN #3: ZONES Z & 3
3726 Z5 09:48:@@ 91,0Z CLOSE #Z
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6eoservtces Inc. Production

Client : BDM CORP. Survey Date : 08/22/87
Field ld. : WILDCAT Well No. : BOM RET #1
_I_o@f_gOt_t4_tt_tttt_tQ_m_otfttt_j_f_t_ot_t_t_mt_tmt_tooj_t_fojf_f

ADDRESS DRY TIME dT dT TEMPERATURE COMMENTS

HH'MM:SS (hr') (_emp) (deQ.F)

3730 75 09:5Z:00 90.48

3733 Z5 09:55:@@ 89.90
3"/36 ZS 09:58:@@ 89.49 CLOSE #3
3744 Z5 10:06:@@ 88.98 OPEN #4: ZONE 3
3748 Z5 10:10:00 88.78 CLOSE _4
3751 Z5 10:13:@@ 88.50 OPEN #5: ZONE 3
3755 25 10:17:@@ 88.33 CLOSE #5
3761 ZS 10:23:@@ 88.13 OPEN #6: ZONE 4
3785 Z5 10:47:@@ 88.Z6 CLOSE #6
3787 Z5 10:49:@@ 88.33 OPEN _7: ZONE 4
3791 Z'S 10:53:@@ 88.44 CLOSE :lt7
3793 25 10:55:@@ 88.47 OPEN #8: ZONE 5

3804 25 I 1:06:00 88.50 CLOSE _8
3807 ZS 11:09:@@ 88.95 OPEN #9: ZONE ,5
381Z Z5 11:14:@@ 89.3Z CLOSE _9
38Z1 2,.5 11:23:@@ 89.73 OPEN #10: ZONE S
3825 25 ll:ZT:_ 89.80 CLOSE #10

38Z7 ZS ll:Z9:_ 89.76 OPEN #l l: ZONE 6
3831 25 11:33:(_ 89.53 CLOSE #11

3840 Z5 ll:4Z:00 89.39 OPEN _IZ: ZONE 7

3845 25 11:47:@@ 89.46 CLOSE ttl2
3848 Z5 11:50:00 89.53 OPEN _13: ZONE 8
385Z Z5 11:54:@@ 89.80 CLOSE #13
3854 Z5 II:56:00 89.97 OPEN @14: ZONE 8
3855 Z5 II:57:@@ 90.07 CLOSE #14

3866 Z5 1Z:08:@@ 90.61
3896 Z5 1Z:38:@@ 90.04

3899 Z5 IZ:4l :00 89.53
3902 25 1Z:44:_ 89.01
3905 25 1Z:47:_ 88.44
3908 Z5 1Z:50:00 87.86
3911 Z5 1Z:53:@@ 87.35
391,5 Z5 1Z:57:00 86.73
3918 Z5 13:00:00 86.19
3921 25 13:03:@@ 85.51
3924 Z5 13:06:@@ 84.79
3927 25 13:09:@@ 84.11
3930 Z5 13:IZ:@@ 83.36
393;' Z5 13: 14:@@ SZ.SZ
3934 Z5 13:16:00 8Z.Z7
3936 Z5 13:18:@@ 81.73
3938 Z5 13:20:@@ 81.08

3940 Z5 13:Z2:_ 80.47
394Z Z5 13:Z4:00 79.85
3944 25 13:26:@@ 79.Z4
3946 25 13:28:00 78.59
3948 Z5 13: 30:@@ 77.S1
3950 Z5 13:3Z:@@ 77.23

i

395Z Z5 13:34:@@ 76.55
3954 Z5 13:36:@@ 75.94
3956 Z5 13:38:@@ 75.36
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8eoservice6 Inc. Production

Cllen% : BOM CORP. Survey Oa%e : 08/22/87

Field Id. : WILDCAT Well No. : BOM PET ;tl
t_li_tfOfttQtQ_Ifi_i_eOQ_t_t _tt _#t_t#t_tQt_t##I#_t_tt_OtOI_|t_t_#Ot_i

ROORESS DRY TIME dT dT TEMPERATURE COMMENTS
HH: MM: SS (hr ) (%emp ) (de(].F)

39 59 Z5 13:41 :_ 74.64
396Z Z5 ! 3:44:_ 74.03
3965 Z5 13:47:_ 73.31
3968 Z5 13:50:@@ 7Z.60

3970 Z5 13:5Z:@@ 71.98

3971 Z5 13:53:@@ 71.41
397Z Z5 13: 54 : 0@ 70.59
3973 Z5 13:55:@@ 69.70
3974 Z5 13: 56:@@ 68.8Z
3975 Z5 13:57:@@ 67.93
3976 25 13:58:(_ 67.11
3977 25 13:59:@0 66.40

3978 Z5 14:@@:0@ 65.7Z
3979 Z5 14:01:00 65. 11
3980 Z5 14:0Z:0@ 64.56
398Z ZS 14:04:@@ 63.64

3984 Z5 14:06:@_ 6Z.86

3986 25 14:08:0@ 62.21
3988 75 14: 10:@@ 61.70
3991 Z5 14: 13:_) 60.98
3994 Z5 14: 16:@@ 60.40
3996 25 14: 18:@@ 59.86
3998 Z5 14:ZO:@@ 59.Z8
4@@1 25 14:23:@@ 58.74
4@@4 Z5 14:Z6:@@ 59.Z1 END OF SURVEY
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Cliont: BOM CORP. Calibration O=te 08/18/87

Well : 8DM RET #1 Calibr=tion Numb=r JL#1

Fiold I WILDCAT Colibr=tion Rondo 0-58 C

Oato : 88/22/87 Colibmotion Tomp. 8-58i

ReDder: O=toView Correoted Date CD=(M*UO)+I

Oi.k , BDM#I M = .8348587

DEMETER T.mp. Guo 9" #23 I = 24.6433

Temp=roture. deg F

t/l O_ _ oO to _ _ rO o0

o ,,,,I,.,,,I,,,,I,,,,I,,,,i,,,,l ,,,,I,,,,
p_

0
o

C 0)--

0

LO m _--

0
Z "g

3 a..

i,J.

0 INI
C
"3

r" ®
0
0

O" m

0
3

0

INI _ --



Client: BOM CORP. Cali6ration Oat= 08/23/87

Well : 8DM RET #1 Cali6ration Num6er JL#1 i

Field , WILDCAT Coli6ration Ran 9. 0-2000 pei_

Omre , 0g/22/87 C=li6r=tion Temp. Bg C

Reader, DatoView Correoted O=ta CD=(M*UD).I

Disk , BDM#1 M = .B51466

DEMETER Preeeure Guo_o #23 I = -287.948

Pre=eume, pii S

0

.==_ m

m
X _

0
]
m

m

G
Z _
0 _
3 _
3 m

0 _
C
3

0
0
a _
_o

o
]

0 _-- _ -

N _
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" '_ .....APPENDIX B-4 HALLIBURTON SERVICES ANALYSIS OF DATA COLLECTED DURING FRAC JOB

CHEMICAL RESEARCH AND DEVELOPMENT DEPARTMENT

I--tA LLI BU IRTON SERVICES

DUNCAN, OKLAHOMA

TIl-D006-87

LABORATORY REPORT Na.

To Mr. G. A. Kozera/Mr. Rick Smith Date October 29, 1987

Halliburton Services
This report is the property of Hallibu-ton Services and neither it nor any

part thereof nor a copy thereof is to be published or dLsclosed without

Elkview, WV first securing the express written approval of laboratory management;
it may however, be used in the course of regular business operol,on by

ony person or concern and employees thereof receiving such report from
Halliburton Services.

We give below results of our examination of submitted data, including well log, bottomhole

pressure data, COMPUVAN TM disk, and treating report.

Submitted by BDM Corp., DOE, and Grace, Shursen, Moore and Associates

Morked Weil: RET No. l
Location: Wayne Co., WV
Formation: Lower Huron Shale

Depth: 6,020 feet TD; 3,415 feet TVD

Purpose

The purpose of this project was to use the supplied data and
determine the fracture dimensions by using minifrac analysis for a

Perkins-Kerns Model, Christianovich Zheltov's Model, Horizontal or

Vertical Penny Model, and Vertical Penny Model where the diameter is

greater than pay height (ellipsoid shaped). A further purpose was to
determine a Nolte Plot, calculate bottomhole treating rates based on

surface rates, and recommend other treating procedure for the succeeding

fracturing treatment along the horizontal section.

Discussion

On 9-22-87 a pressure bomb was run into the RET No. i to monitor

BHFP, BHTP, and BHP before, during, and after a nitrogen fracturing

treatment. After the nitrogen treatment, pressure decline was monitored

for several hours. This pressure decline data was used in the requested

a minifrac analysis.

During the treating process, selected data were chosen from the

pressure bomb data and used for plotting a Nolte Plot. Thus, the BHTP
is measured rather than calculated.

=

This report was prepared by and is the property of Halliburton Services, o Division of Holliburton Company; the data reported, intended for

N O TJ CE e the private information of the above named party, is limited to the sample(s) described; accordingly, any user of this report agrees that
• Halliburton shall not be liable for any loss or damage, regardless of cause, including any act or omission of Halliburton, resulting tram the

use of the data reported herein; and Holliburton makes no warranties, express or implied, whether of fiTt,ess for a particular purpose,
merchantability or otherwise, as to the accuracy of the data reported.
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Discussion Cont'd

Surface injection rates and bottomhole rates were calculated

assuming that nitrogen behaves as an ideal gas over the temperature at

surface (98-137°F) and at bottomhole (±90°F).

Conclusions

Pressure decline data were analyzed to present the different

requested fracturing geometries. Plots of bottomhole pressure vs

shut-in time (Figure ]) and log of (ISIP-BHTP) vs log shut-in time

(Figure 2) were plotted to aid in determining fracture closure pressure.

From the plots, fracture closure was determined to be around

760 psi instead of 850 psi as pre_iously reported. Minifrac analysis

was performed using 760 psi and slope values were calculated to be

0.32-0.33. The slope values should be around 1.0. A closure pressure

of 730 psi was chosen. Using 730 psi for closure pressure, slope values

of 1.0 were obtained. The represented fracture geometries using both

closure pressures are presented in the Data Section of this report.

There is a possibility that more than one fracture is initiated, thus

the multiple closure pressures.

The nitrogen fracturing treatment took approximately 4 hours to

perform. Ali the data points were used and a Nolte Plot was plotted

using this data. The Nolte Plot is presented in the Data Section of

this report as Figure 3 (page 16). The total COMPUVAN data while

pumping nitrogen are presented for reference in the appendix.

To calculate surface rates vs bottomhole rates, eight points were

chosen which matched at the same time from the bottomhole pressure bomb.

This information is tabulated in Table i. The bottomhole pressure bomb

data are presented in the appendix section along with a table showing

the air viscosity vs temperature from API RP27 "Recommended Practice for

Determining Permeability of Porous Media".

Recommendations

Since the Lower Huron Shale is water sensitive, the available

treating fluids are limited. The use of a gelled hydrocarbon such as

diesel or condensate is one possible fluid to place a proppant but since

bottomhole flowing pressures are very low (less than i00 psi), this is

not practical due to fluid recovery. To improve fluid recovery, a

gelled diesel or condensate may be foamed with nitrogen and used to

place a proppant in the fracture. With low BHP, closure stresses may

approach 3,000-4,000 psi, therefore 20/40 mesh sand at a concentration

of 4 to 6 ib/gallon or higher should be placed for effective fracture

conductivity. If the formation is "soft", embedment of the proppant may

be another problem for consideration.

Thisrepo.waspreparedbyandisthep.oper,of.a,,ib°rtonSe..,ces.aDivisionof.allib°r,onCompon.thedatareportedintendedfor
UI I • the private information of the above named party, is limited to the sample(s) described; accordingly,, any user of this report agrees that

Halliburton shall not be liable for any loss or damage, regardless of cause, including any act or omission of Halliburton, resulting from the
u_e ul lhe _t_ rcp=_._cdh-_rci_;_-__ Hol!ihurton makes no warranties, express or implied, whether of fitness for a particular purpose,
merchan"ability or otherwise, as to the accuracy of the data reported.
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Recommendations Cont'd

Liquid carbon dioxide may be used to fracture the formation like

nitrogen gas treatments. If sufficient cool-down of the formation and

tubular goods can be achieved, CO^ will remain a liquid at a temperature

of 80°F and 1,000 psi. See Carbo_ Dioxide Equilibrium Curve in the

Appendix.

Since the bottomhole temperature is around 90°F, the use of the

ALCOFOAM fracturing process is not possible. The ALCOFOAM fracturing
treatment is not recommended for BHT below 120°F.

It is recommended that in any following treatments a bottomhole

pressure bomb be used to measure BHP and BHTP, especially if a "fluid"

is used that friction pressures may be difficult or impossible to

obtain. By using a pressure bomb, Nolte Plots and any other analysis

may be obtained using measured BHP or BHTP rather than calculated
values.

"" O TI _.._""".histopo,,was,,oparodb,andisthepraper,,of.al.burtonServices.aOivisionof.o.,bortonCompan,;.hadataroported,intendodfar• the private information of the above named party, is limited to the sample(s) described; according!y,, any u.:er of this report agrees that
Halliburton shall not be liable for any loss or damage, regardless of cause, including any act or omlsseon of Holliburton, resulting from the
use af the data reported herein; and Halliburton makes no warranties, express or implied, whether of fitness for a particular purpose,
merchantability or otherwise, as to the accuracy of the data reported.
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Data

Using the following equation, the bottomhole flow rates were

calculated from the surface injection conditions. The bottomhole

temperature was assumed to be 95CF. The temperature disk contained only

BHT data during the production prior to nitrogen injection.

Table 1

Surface Injection Conditions Bottomhole Conditions

(°R) P (psi) V2 (scf/min)Time P1 (psi) VI (scf/min.) T1 2 "

13:09 1,042.8 2,842 597.8 813.0 3,384

13:29 1,068.2 2,926 579.0 822.2 3,644

13:39 1,132.1 3,143 569.0 818.2 4,242

14:29 1,227.3 3,583 579.3 850.2 4,954

15:19 1,269.8 3,679 573.6 865.2 5,224

16:09 1,480.7 4,518 558.6 870.4 7,630

16:49 1,553.0 4,727 562.8 867.75 8,343

16:59 1,528,7 4,673 562.1 867.75 8,128

P2V2 PIVI

T2 T1

where: P2 = BHP from pressure bomb

T2 = 95°F (555°R)

V2 = bottomhole injection rate

Pl = surface pressure

V I = surface injection rate

T 1 = surface injection temperature

m"O TI,,..=."'-".his,opo.wospreparedbyandisthep,o0ortyof.o..burtanServicesaOivisionof.o..burtonCompooy;thedatoreportediotended,or, the private information of the above named party, is limited to the sample(s) described; accordingly, any user of this report agrees that
Halliburton shall not be liable for any loss or damage, regardless of cause, including any act or omission of Hallibur_'on, resulting from the
use of the data reported herein; and Halliburton makes no warranties, express or implied, whether of fitness for o particular purpose,
merchantability or otherwise, as to the accuracy of the data reported.
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Data

Fisure i

• This report was prepared by and is the property of Holliburton Services, a Division of Halliburton Company; the data reported, intended for
NOTICE" thepr,vote ,,,ormat,on o, ,heabovenamed party, is limited to the sample(s) described; accordingly, any user of this report agrees thatHalliburton shall not be liable for any loss or damage, regardless of cause, including any act or omission of Halliburton, resulting from the

use of the data reported herein; and Halliburton makes no warranties, express or implied, whether of fitness tor a particular purpose,
merchantability or otherwise, as to the accuracy of the data reported.
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Data Cont'd

Figure 2

N aT! C E "_"repo.waspre.redbyandisthepro0ertyo'.a,,ib,,.ton.e..,ces.a0i.,sionof.a','burton_ompan.;thedata.eparted.intended,o.
al the private information of the above named party, is limited to the sample(s) described; accordingly, any user of this report agrees that

Halliburton shall not be liable for any loss or damage, regardless of cause, including any act or omission of Halliburton, resulting from the
use of the data reported herein; and Halliburton makes no warranties, express or implied, whether of fitness for a particular purpose,merchantability or otherwise, as to the accuracy of the data reported.



7 T1 I-D006-87PAGE NO. HALLIBURTON CHEMICAL LABORATORY REPORT NO

Data Cont'd

H.I i,! I" I: E:r',r" l::'1_'i:]1il;'P,ii I: i:ll,: I _;ll I..l!i]l: I_;

IiqI"IIT II,"I},i

PUi'il".lf!/;:; RP, tF, ................... :1.:2., _1 r.l_l::l.,.H.II!)
I'(.Jtt I" 1 i'._(.; 1 ] t'i[ .................... ::"',.:,;2.,() (:_1I. i_ )
lL ill! r",I I!,II'.................... ":".,::!',,2, ,ilIit._

I_,:_:II", .......................... _!'_,6,il. ( I'!:;:I:)

(:I(:i"!_!.ll;:l:: I'I.'I"],'i.lll:'l:............... :'_.,,..,, c l'_:ilI ;,

f.11Z[:}_if.illliI__II!.................... :..:'.'I;;',0(I I )

i':!lii:l IIF::].(_IIi ...................... 2!._I,',,::,,:I"i )

'T'I:/I.!I_II '_i!; i'i[1111.11..I..1_!;................... O, "}"il':::r_: '' ( )'!:;:1 :_
I_ I:'1{:[Hl': ............................ I , O'."
U .I f:; (.:() !i; .1:1I i::;i.:ll..!.':!;I P,N'I , ............... 0 , ':)

{:)I'; | :[ (] i",l........................... '1

!::'/_l[.l:..._1..._"} i I1 I) I.ll::'l I I':"1

I:"l.!li .:,'"1.::,I I.i:E: l ll:i:l::'l. I I_l" i.l,"i l,',

I:' I:'.'.'" _''_'" - '
(l:"f;:l) '_i'i:tP'l) (1:""::l) (Hli!) (.1:":_:1_ ':iilP.._ _:1"':_'_:1) ':ii:l_,!)

{.:_/,::1 2:'_" " 7;2 :;" .:2::;;::" ',!::':):i:; 2:':;. _ .7"'" '::" ':_ :' ":'

"' '" _'_ :7'!':;/, ,;'_-',A , :" !:; :;' :.:':ii "' ....':""" "..... ,.. • ................. :..... •.......::, , 7:".2','_}, ,:' t', '.;,'
-.! ..., ..:../ ,. ,, :2,':,'"_ "':'':' ':_ :2(, :L ;' ;' _" '' ,:1i,:7' "7_:',7 , "'_,:',:ii
"':'_ ':_" 2 ,_',4 ", ,_ ::'A '::; 2 ,!,..T. 2 ,:',,.!) :.:',!,{:' :.'2/,7I ,..),.I, , .' '." , , , , , • , ...... '

I:;l_:l_l.',:[l,!!_;'--l.'.:l;::lZi'.!' !S H/!l._l:i:l.. ( !i;l:'li ,'. R:_ ! :1 )

I'::_l _:,1.:'........................ ::.'0'.; 2 ( I"'.?,I

I I.',:",CI!_I!i- I _i._!;lll( I:11' l() I I I__ , ,,',:_:.'; _1 I )

i.'l _}!:;I.._1_1:."i' !i't[:: ................. ,'_", (,_i:li!)
I:1..I...I] IJ li':l:l: t{::IliI._CT , ............. 1:7 ::> {:',_

N O Ti CE" .hisrepo,,waspreparedbyandistheprope,t,o,.a..burton e,.ices,oivisio.ofHolliburton Company; the data reported, intended for• the private information of the above named party, is limited to the sample(s) described; accordingly, any user of this report agrees that
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merchantability or otherwise, as to the accuracy of the data reported.
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merchantability or otherwise, as to the accuracy of the data reported.
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Holliburton shall not be liable for any loss or damage, regardless of cause, including any act or omission of Holliburton, resulting from the
use of the data reported herein; and Halliburton makes no warranties, express or implied, whether of fitness for a particular purpose,
merchantability or otherwise, as to the accuracy of the data reported.
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/i • the private information of the above named party, is limited to the sample(s) described; accordingly, any user of this report agrees that

Halliburton shall not be liable for any loss or damage, regardless of cause, including any act or omission of Halliburton, resulting from the
use of the data reported herein; and Halliburton makes no warranties, express or implied, whether of fitness for a particular purpose,
merchantability or otherwise, as to the accuracy of the data reported.
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use of the data reportedherein; and Halliburtonmakes no warranties,expressor implied, whether of fitnesstor a particular purpose,
merchantabilityor otherwise,as to the accuracyof the data reported.
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' VIS('()SITY OF Alll AT ONE AT.'dOSI'III.:IIE

Viscosity," _, in ,nicrol,Oi:;e._

(I micropoisc = ]0 c poise)

,4:
Temp.,
Del," ]:. 30 40 50 60 70 80 90 100

u.g.-: ___...:.:-. " ....... • ::- - " " ".... : " " - :- " "::: -"

0 ........ 174.fl 1768 179.6 182.4 185.0 !87.7 190 4
1 174 3 177.0 179.9 ] g2.13 1:453 JSB.II 190.7

2 i7i.8 174 6 177.3 180.1 182.9 185.6 188.3 190.9
3 172.1 17 4.9 177.6 180.4 183.2 185.9 188.5 1912
4 172.4 175.1 177.9 180.7 183.4 186.1 188.8 191.4

5 1727 175,t 17I_.2 181.0 183.7 186.4 189.1 191.7
6 172.9 175.7 178.5 181.2 183.9 1H6.6 189.3 192.0
7 173,2 1 762 178.7 181.5 181.2 186.9 189.6 192.3
8 173.5 176.2 179.0 181.8 18.1 5 187.2 189.8 192.6
9 173.7 176.5 179.3 182.1 18 |.8 187.4 190.1 192.8193.1

-----;i).............................................
Temp., 20 30 40l)eg C. 0 10:___-. - .... - ..... "u::.::. :" .- ---'::-----:': ::" . .::.::':.'"_-.-:::"7 ..... : .: -:.. :.- --

0 171.8 176.8 181.8 186.6 191.4
1 172.3 177.3 182.3 187.1 191.9
2 !72.8 177.8 182.8 187.6 192.4
3 173.3 178.3 183.25 188.1 192.9
4 173.8 178.8 183.7 188.6 193.3

5 174.3 179.3 18.1.2 189.1 193.8
6 174.8 179.8 18 t 7 189.5 19,1.3
7 175.3 180.3 1S5.2 1900 194.7
8 !758 180.8 185.7 190.5 195.2
9 176.3 181.3 1 _6.2 191.0 195.7

'Calculated from Sutherland's equation:

t_ To + C , . (,ii)--.. ......................................................

T + C

wherein: the temperatures are moasured above al,solute 7ero (--273 C.), and C is tak,'n as 120 dog for air.l
The _taudard visco._ity is _0 = 193.25 micropoises at T, = 23 C. = 2¢6 K., based upon i,dol,endcnt observa-
tion,, by six investigators, evaluated by Birge.:l:

tMonts_mer'y. R. B.: d. Meteorotog,. 4. 193 (1947).
lBir¢¢, Kaxmond T.: Am. d. I'hv... 13.63 119t5).

The viscosity of various gases* at atmosoheric pres-
sure and any reasonable temperature may be calcu-
lated by Sutherland's equation:

VISCOSITY OI: VARIOUS GASES
KT._/_

Average .(42),- ..

Temperature Error, _ ----T + C
Gas ]{an_e,])c_C. C _" x I0_ l'erCcnt

._.------" --. ...... :_--.-_-_:_'. ::.::. -..:- .-r - :r'::-::.:-':. :.-"- -.- ::-----, -: lC)l( l'(iH :

Argon --183 to 827 133. 19.00 0.3
Carbon g -- viscosity, in poised.

dioxide -- 98to 1052 233. 15.52 1.0 T .-- abs(dule t,.'ml,r'atule, i'_ drg_c,_ I,:(lvin.
lielium --258 to 817 97.6 15.13 9.5

orHydrogen --,.ogto F25 70.6 6.48 5.1 C and /i arc constants tabulated above.
Nitrogen --iql to Y25 102. 13.85 0.4

• l.icht. V_,,.. Jt. a,,.I _:_,.el._,l, li,lt,cb (;.. d. I'h ,,. Cb,,,,.,

Oxygen _191 to 8'2!I 110. 16.49 0.8 4_. :a tt94,}.

r a ed b and is the property of Holliburton Services a Division of Holliburton Company; the data reported, intended forThis report was p ep r Y ............ "__,_,._ .4.... :_,ed' accordingly any user of this report agrees thatN OT! CE" • ' rmotion of the above namea parry ts llm rea to Tne _tamV....................• the,,.prlvot _ _mta......... _,l. $ ..... In¢, _. _nm; ....... di .... f cause, includinq any act or omission of. Halliburton, resu.lylng tram th_
= _:2"or';_; ;_a ';epo_;ed herein; an_l Halliburton _.okes no warranties, express or implied, whether or ,tines, Tor = t' .................

merchantability or otherwise, as to the accuracy of the data reported.

_q
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..NaT! ._--r_' ..,. ,epa.,waspreparedb.a°distheprop°.,o,.al.burtooServ,co..aOivis_ooo'.a,..orton_ompon.;,heda,..epo.ed,_°,endedforthe private information of the above named party, is limited to the sample(s) described; accordingly, any user of this report agrees that
Halliburton shall not be liable for any loss or damage, regardless of cause, including any act or omission of Halliburton, resulting from the
use of the data reported herein; and Halliburton makes no warranties, express or implied, whether of fitness for a particular purpose,
merchantability or otherwise, as to the accuracy of ih_ d_lo rc:pg, rtc_.
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Horizontal Well Data Only Lower Huron Shale

Abstract

Examine submitted data to determine fracturing geometry by minifrac

analysis of fracturing treatment of 100% nitrogen and make calculation
of Nolte analyses, bottomhole treating rates and additional

recommendation for additional treatments in horizontal section.
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APPENDIX C

SUPPORTING MATERIAL AND PROCEDURES FOR STIMULATION NO. 2

IN ZONE NO. I USING LIQUID CO 2

C-I Log of Field Operations for Frac Job

C-2 Log of Field Operations to Conduct Special Tests on Zone #I



,, APPENDIX C- 1

• LOG OF FIELD OPERATIONS FOR FRAC JOB #2

DOE/BDM/RET #i
FIELD REPORTS

12/1/87-12/5/87

Dec. i, 1987

8:00 am - MIRU Pool Well Service Rig #652. Well flowing through

9:00 am test meter. Zone #i (PC #I) is the only zone open to
the wellbore. Gas rate = 60# x 44" = 50 MSCFPD (uncorrected).

Caught gas sample off tubing. Shut-in the well at 8:00 AM
and ND wellhead. Opened well up to atmosphere and blew

down same. Prepared to TIH.

9:00 am - Made up BHA with Geoservice pressure gauges (2) and

i0:00 am temperature gauge (I) installed. Set gauges to scan

pressures every two (2) minutes. (BHA consists of 2 3/8"

bull plug + i Jt. 2 3/8" tbg + bottom isolation cups +
1 Jt. 2 3/8" tbg + closing sleeve positioner + 4 ft.

pup joint + 2 ft. perforated sub + opening sleeve

positioner + 1 Jt. 2 3/8" tbg + top isolation cups,
overall length = 121.18').

i0:00 am - TIH with BHA on 2 3/8" tbg. Obtained 1 hr. shut-in

5:15 pm pressures on all zones while TIH as follows:

Port Collar Port Collar SITP SIBHP

Time Zone Interval Isolated Depth (Psi_) (Psig)

12:14 pm 8 3745-4095 13 3960 90 104

1:16 pm 8 3745-4095 13 3960 98 114

1:40 pm 7 4104-4194 12 4147 30 44

2:40 pm 7 4104-4194 12 4147 75 99

2:50 pm 6 4203-4337 ii 4291 160 180
:3:50 pm 6 4203-4337 II 4291 174 202

4:12 pm 5 4346-4811 9 4595 140 161

5:15 pm 5 4346-4811 9 4595 161 189

5:15 pm - Secured well for the night. Left Zone #1 (only) blowing to

5:30 pm atmosphere.

Dec. 2, 1987

7:20 am - TIH with tbg and continued obtaining l-hour shut-in

1:30 pm pressures as follows:



Dec. 2, 1987 (cont'd)

Port
Port Collar Collar SITP SIBHP

Time Zone Interval Isolated Depth (Psi 9 ) (Psig)

7:40 am 5A 4848-4986 8 4894 125 160
8:45 am 5A 4848-4986 8 4894 144 191
8:57 am 4 4994-5176 6 5129 115 171
9:57 am 4 4994-5176 6 5129 121 174

10:07 am 3 5185-5411 4 5319 70 145
11:07 am 3 5185-5411 4 5319 I01 156
11:17 am 2 5420-5602 2 5555 60 139
12:20 pm 2 5420-5602 2 5555 95 146
12:30 pm 1 5611-6020 1 5746 50 84
1:30 pm *I 5611-6020 1 5746 85 139

*Left Zone #I open to wellbore.

1:30 pm - Prepared to TOOH with tbg. Obtained a 2nd l-ht shut-in
6:40 pm pressure on all zones to compare to isr shut-ln pressure

as shown below. Flowed each zone (#2-6,8) for 30 minutes
to purge tubing and caught gas samples on each.
Note: The 2nd shut-in pressure is used to show any pressure
changes in each zone as a resultof, flowing (purging)
adjacent zones.

SITP SIBHP
Time Zone Interval (Psig) (Psig) Remarks

1:45 pm 2 5420-5602 65 133 Open Zone 2
Isolated for 1Hr B.U.

3:00 pm 2 5420-5602 92 143 Purging Tubing

3:30 pm 2 5420-5602 - 133 Caught gas sample.
Closed Zone 2

3:53 pm 3 5185-5411 55 I16 Open Zone 3.
Isolated for I Hr B.U.

4:53 pm 3 5185-5411 89 139 Purging Tubing

5:20 pm 3 5185-5411 - 123 Caught gas sample.
Closed Zone 3.

5:40 pm 4 4994-5176 115 171 Open Zone 4.
Isolated for I Hr B.U.

6:40 pm 4 4994-5176 121 176 l-Hr Shut-in PSI
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Dec. 2, 1987 (cont'd)

6:40 pm SDON. Left well SION with Zone #4 open to tubing. Note:

Zone #] isolated from Zone #4 with bottom isolation cups.

Dec. 3, 1987

6:55 am -

3:30 pm

SITP SIBHP

Time Zone Interval (Psig) (Psig) ..... Remarks _

6:55 am 4 4994-5176 121 176 Zone 4 - 13 Hr SI

6:55 am 4 4994-5176 - 176 Purging tubing

7:20 am 4 4994-5176 - 171 Caught Gas sample,
Closed Zone 4

7:45 am 5A 4848-4986 125 184 Open Zone 5A. Isolated
for Ihr B.U.

8:48 am 5A 4848-4986 147 200 Purging tubing.

9:20 am 5A 4848-4986 - 167 Caught gas sample.
Closed Zone 5A

9:35 am 5 4346-4811 70 157 Open Zones, Isolated
for 1 hr B.U.

10:30 am 5 4346-4811 90 176 Purging tubing.

11:00 am 5 4346-4811 - 164 Caught gas sample.
Closed Zone 5

11:17 am 6 4203-4337 45 159 Open Zone

Isolated for 1 Hr. B.U.

12:15 pm 6 4203-4337 75 174 Purging tubing.

12:45 pm 6 4203-4337 - 166 Caught gas sample.
Closed Zone 6

12:53 pm 7 4104-4194 45 159 Open Zone 7

Isolated for Ihr B.U.

1:55 pm 7 4104-4194 71 169 Closed Zone 7.

No sample taken.

2:01 pm 8 3745-4095 70 155 Open Zone 8.

Isolated for 1 hr B.U.

3:00 pm 8 3745-4095 93 167 Purging tubing,

3:30 pm 8 3745-4095 - 144 Caught gas sample.
Closed Zone 8.



Dec. 3, 1987 (cont'd)

3:30 pm - TOOH with tubing. Found the ]ast 5 Jts. 2 3/8" tubing

5:30 pm and BHA full of fluid. (Note: distance from top of
fluid to bottom of BHA is 284 ft.) LD BHA. Sent BHP

recorders in for analysis. SDON.

Dec. 4, ]987

7:30 am - PU same BHA and TIH to test ECP's #I-7, and CTC packer.

2:30 pm Note: ECP #8 was not tested since there has not been
any gas seen on the 8 5/8" casing string at the surface
since it was set. Each packer was tested by opening

a port collar above and below the packer then isolating

the port collar below with the BHA on the end of the

tubing string. Nitrogen was then pumped down the tubing
with Dowell/Schlumberger at a rate of 2000-5000 SCF/m.

If the packer were leaking, nitrogen would be circulated

out the open port collar below the packer, around the

packer, back in the open port collar above the packer,

and up the 2 3/8" x 4 I/2" annulus. Thus, any strong

nitrogen blow seen at the surface would indicate a

packer failure. Ali packers tested OK to 500 psi (surface

N2 Pump Pressure) except ECP #2 and the CTC packer. A

strong nitrogen blow was seen on both ECP #2 @ 5411'
and the CTC Packer at 4811'. Thus ECP #2 did not test

and CTC Packer did not test.

Isolated port collar #2 @ 5555' with the BHA with all

port collars open. (except PC #12 @ 4147') Attempted
to reverse out all fluid from the wellbore with nitrogen

(50,000 SCF) by circulating down the 2 3/8" x 4 I/2"

annulus, out port collar #3 @ 5464', back in port collar

#2 @ 5555', and up the 2 3/8" tubing. Approximately
1Bbl of fluid was recovered.

2:30 pm - RD Dowell-Schlumberger and NU the wellhead. Open the

4:30 pm well to pipeline at 3:00 pm. Zone #I is flowing up the
2 3/8" tubing and Zones #2-6, 8 are flowing up the 2 3/8"
x 4 i/2" annulus. Zone #7 was left shut-in due to low

productivity. Initial flowrate from Zone I (tubing) was
74 MCFPD w/ 95 psig FTP. Initial flowrate from Zones

2-6, 8 (casing) was 126 MCFPD w/95 psig FCP. (Rates are
uncorrected) Left well flowing down pipeline overnight.

Dec. 5, 1987

9:30 am Tubing - Zone #i: Gas Rate = 77 MCFPD FTP = 70 PSIG
LP = 65 PSIG

Casing - Zones #2-6, 8: Gas Rate = 138 MCFPD FCP = 70 PSIG
NOTE: Gas rates are uncorrected for gas gravity, CO 2 & N 2

content, or temperature.

Caught a composite gas sample at Cabots meter run. Left

well flowing down pipeline.



APPENDIX C-2 ITESTING AFTER FRAC & CLEAN-UP

BDM/DOE/ENEGERRET #1 - TEST PROCEDURES
December I, 1987

CURRENTWELL CONDITIONS

The well is currently producing from Zone #I thru port collar #1 located
at 5746 feet. The gas is flowing up the 4-1/2" lO.5#/ft casing with
no tubing in the hole. Ali gas is being metered and flared to atmos-
phere. The well has been flowing under those conditions since Zone #I
was stimulated with CO2 on November 8, 1987. Current gas production
is 40-50 mcfpd at 60 psi FTP.

TEST OBJECTIVES

The objectives of this test are as follows:

i) Obtain shut-in pressures on Zones #2 thru #8 while Zone #i continues
to flow.

2) Catch a gas sample on all zones for qualitative analysis.

3) Pressure test all external casing packers (8).

4) Evaluate all data collected in Steps I, 2, and 3 and determine which
zones are communicated.

PROCEDURE

1) MIRU Pool Well Service. Catch gas sample from the tubing (Zone #I).
Open well up to atmosphere and ND the wellhead. Prepare to trip
in the hole with tubing.

2) Make up BHA. BHA consists of 2-3/8" bull plug + 1 jt 2-3/8" tubing
+ bottom isolation cups + I jt 2-3/8" tubing and closing sleeve
positioner + 4 ft pup joint (2-3/8") + 2 ft perforated sub + opening
sleeve positioner + I jt 2-3/8" tubing + top isolation cups. Quartz
bottomhole pressure recorders (2) + temperature recorder (i) will
be installed inside the bottom joint of tubing (see Figure I).
TIH with the BHA on 2-3/8" tubing.

3) Locate Zone 8 through PC #13 at 3960 feet. Install a 2" ball valve
on top of the 2-3/8" tubing string at the surface and shut-in same.
Open PC #13. Hook up surface equipment to monitor the shut-in tubing
pressure at the surface. Monitor the pressure for a sufficient
period of time (30 minutes to I hour) to allow the pressure to
stabilize. Once the pressure stabilizes, close PC #14 and bleed
down the tubing. Care should be taken so as not to flow the well
(from port collar #13) any more than what is required to pressure
up the 2-3/8" tubing string.



TABLE I

SUMMARYOF PORTCOLLARS
THRUWHlCHEACHZONEWILL BE TESTED

(SEE STEPS3, 4, 5 & 6)

PORTCOLLARTO DEPTHTO
ZONE INTERVAL BE TESTEDTHRU PORTCOLLAR

8 3745 - 4095 13 3960
7 4104 - 4194 !2 4147
6 4203 - 4337 II 4291
5 4346 - 4811 9 4595
5A 4848 - 4986 8 4894
4 4994 - 5176 6 5129
3 5185 - 5411 4 5319
2 5420 - 5602 3 5464

*i 5611 - 6020 I 5746

* Zone #1 will be open during the entire test.

TABLE I I

PERTINENTDATA RELATIVE TO TESTINGOF EXTERNALCASING PACKERS
(SEE STEPS8 and 9)

ECPTO BE TESTED PC OPENABOVEECP PC ISOLATEDBELOWECP *N2 REQ'D AT
NO. DEPTH NO. DEPTH NO. DEPTH 500 PSl (scf)

I 5602 2 5555 I 5746 7650
2 5411 4 5319 3 5464 5620
3 5176 6 5129 5 5229 5790
4 4986 8 4894 7 5038 5300

CTC 4811 9 4595 8 4894 4835
5 4337 II 4291 I0 4383 7060
6 4194 12 4147 II 4291 4345
7 4095 13 3960 12 4147 3880
8 3736 .... 14 3832 5720

50,200 scf

* Nitrogen requirements include only the volumes required to pressure
the 2-3/8" tubing and 4-1/2" x 7-7/8" annulus to 500 psi.





4) Repeat Step 3 for Zones 7, 6, 5, 5A, 4, 3, and 2 while tripping
in the hole. Use the same shut-in period for all zones (see Table I).

5) After obtaining the shut-in pressure on Zone #1, hook up the flow-
lines at the surface and prepare to flow Zone #2. Open the well
on a sufficient choke size to purge the tubing within 30 minutes.
Measure all gas with the Barton two-pen meter. Once the tubing
has been adequately purged (less than 5 mscf at these pressure
ranges), catch a gas sample to be used for the qualitative analysis.
Shut-in the well at the surface. Nipple down the pressure monitoring
equipment and flowlines. Close PC #3. Bleed down the tubina to
atmosphere.

6) TOOH with tubing and repeat Steps 3 and 5 above for Zones #3 thru
#8. NOTE" The second shut-in pressure will be used to show how
much (if any) any given zone was depleted as a result of flow testing
adjacent zones in Step 5.

7) TOOH with tubing. Remove quartz pressure recorders (2) and
temperature recorder (2) from BHA and send in to be evaluated.

8) Trip back in the hole with BHA to test external casing packers (8)
and CTC packer (I). Open PC #2 at 5555 feet. Continue TIH and
locate PC #I at 5746 feet. Isolate PC #I between the top and bottom
isolation cups. NOTE" PC #I is already in the open position.
RU nitrogen pump truck and pump down the 2-3/8" tubing at a rate
of 500-1000 scf/m. If nitrogen circulates up the 2-3/8" x 4-1/2"
annulus, the ECP is not holding. If the tubing pressures up to
500 psi and the nitrogen does not circulate up the 2-3/8" x 4-1/2"
annulus, the ECP is holding. If this test shows that the ECP is
not holding, TOOH wi---th tubing to blank pipe and pressure up on tubing
to ensure that the isolation cups are holding.

9) Repeat Step 8 for all ECP's and the CTC packer (see Table II).

I0) TOOH with tubing and BHA. Hook up wellhead equipment to continue
flow testing Zone #1.

ii) RD Pool Well Service.



APPENDIX D [

SUPPORTING MATERIAL AND PROCEDURES FOR FRAC NO. 3 ON ZONE NO. 1
USING NITROGEN FOAM AND PROPPANT

D-I Log of Field Operations to Frac Well and Run Spectral Gamma

Log by Pumping Tool Down Tubing

D-2 Log of Field Operations to Clean Sand Out of Well After Well

Bridged Off and Stopped Producing
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APPENDIX D- 1

FRAC #3 FIELD OPERATIONS

ZONE #1 N2 FOAN/PROPPANT

DOE-BDM-RET #I

Field Operations

January 18-21, 1988

Jan. 18, 1988 Well flowing down Cabot Pipeline at. the following rates:

8:00 am- Zone #I (Tubing) =II MCFPD FTP 55 PSIG LP 30 PSIG

9:30 am Zones #2-6, 8 (Casing)
61 MCFPD FCP 65 PSIG LP 30 PSIG

Zone #7 - Shut-in.

Pool Well Service on location (MIRU Pool on Friday,

1/15/88). Shut-in Cabot's pipeline. Blew down tubing

and casing to atmosphere, ND Wellhead.

9:30 am- TOOH with 173 Jts 2 3/8" tbg and BHA. (121.18') Left

12:30 pm Zone #i open to the wellbore (PC #i @ 5746'). Closed

all other port collars while TOOH.

12:30 pm - Laid down BHA. Made up new BHA. BHA consists of 2 3/8

4:30 pm tbg collar + bottom isolation cups (2 cups facing down)
+ top isolation cups ( 2 cups facing up) + 4 ft pup joint.

(Overall length of BHA = !5.09') TIH with BHA on 172

jts 2 3/8" tbg. End of tubing at 5615'. Bottom of

cups at 56]3' . Top of cups at 5607' . NU wellhead. Left
well venting to atmosphere. SDON.

,Ian. 19, 1988

7:00 am - MIRU NOWSCO Well Service. Due to bad road conditions,

ii:45 am pulled all trucks on and off location with a dozer.

1]:45 am - Pressured 2 3/8" x 4 I/2" annulus to 390 PSIG with 2],000

12:20 pm SCF N 2 at a r_te of 1200 SCF/min. NOTE: Unable to hold
" high pressures on the annulus due to slow leak at PC #3

at 5464'. Pressure bleeds off slowly. Monitored casing

pressure throughout the frac job. Pressure tested all

surface equipment to 3800 PSI.

12:20 pm - Fracture stimulated Zone #i down 2 3/8" tubing through

4:00 pm PC #I at 5746' as follows:
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Jan. 19, 1988 (cont'd)

Rate ( BPM ) Volume (Bbls)
Down- Down-

Clean hole Clean hole

Time Stage TP CP LIQ. FOAM LIQ. FOAM REMARKS

12:20 pm 1 90 375 3.0 - 0 - Start 20 Ton
CO2 Pre-Pad

12:29 pm 1 170 360 2.5 - 20 -

12:37 pm 1 230 330 2.9 - 50 -

01:00 pm 1 240 300 3.0 - 119 - Start 7000 gal
85Q N 2 Foam Pad

01:05 pm 2 1410 290 1.5 i0.0 5 33

01:07 pm 2 1530 260 1.5 I0.0 8 53

01:19 pm 2 1540 250 1.5 - 25 167 Start 6000 gal
85 Q N2 Foam

w/ 1/2 PPG
20/40 Sand

01:28 pm 3 1530 250 1.5 I0.0 41 274

01:31 pm 3 1380 250 1.5 I0.0 46 310 Start 4000 gal
85 Q N 2 Foam
w/l PPG 20/40
sand

01:41 pm 4 1580 250 1.5 I0.0 60 405 Start 3333 gal
85 Q N2 foam
w/lh PPG 20/40

sand

01:46 pm 5 1610 245 1.5 I0.0 70 472

01:48 pm 5 1600 245 1.5 I0.0 72 484 Start 4000 gal
85Q N2 Foam
w/2 PPG 20/40
sand

iii
-i I



Jan. 19, 1988 (cont'd)

Rate ( BPM ) Volume (Bbls)
Down- Down-

Clean hole Clean hole

Time Stage TP CP LIQ. FOAM LIQ. FOAM REMARKS

01:50 pm 6 1650 240 1.5 I0.0 75 504

01:54 pm 6 1750 240 1.5 i0.0 82 551

01:58 pm 6 1760 240 1.5 i0.0 86 579 Start N2 Flush
3000 SCF/min

02:02 pm 7 1560 240 .... Shut Down.
(12,000 SCF N 2
Flush)

ISIP - 1270# (Difficult to pick with straight N2).

5 minutes - 770#

i0 minutes - 730#

15 minutes - 700#

Held 112 pump rate constant at 3000 SCF/min throughout the

entire job. Liquid phase of the 85 quality foam consisted of
50% methanol and 50% 2% KCL water. Total sand pumped -

20,000 ibs 20/40 mesh. Total liquid to recover = 86 Bbls.

Tagged the 7000 gal foam pad with 1 millicurrie liquid

antimony #124. Tagged the proppant with 8 millicuries bead
iridium #192 Foam Additives: 2 GPT CSA-5 Clay STA,

5 Ib/1000 gal IS-600 iron stabilizer, 7 GPT SF-2 foamer.
RD NOWSCO. NU Flowlines. Opened the well at 4:00 pm and

flowed as follows:

I I



J

Jan. 19, 1988 (cont'd)

TIME FTP SICP CHOKE Remarks

4:00 pm -

8:30 pm 4:00 pm 530 205 8/64" Open to tank

4:30 pm 445 205 8/64" Open to tank

5:00 pm 290 200 8/64" Open to tank

5:30 pm 130 190 8/64" Open to tank

6:00 pm 55 190 8/64" Open to tank

6:30 pm 75 190 8/64" Open to tank

7:00 pm 45 185 8/64" Open to tank

7:30 pm 35 180 8/64" Open to tank

8:00 pm 15 175 8/64" Open to tank

8:30 pm 0 175 - Well Died.

Left well venting to tank overnight. No fluid recovery.

Jan. 20, 1988

8:00 am - FTP = 0 PSIG, SICP = 175 PSIG. Well dead. RU NOWSCO

4:00 pm coiled tubing unit and N truck. RIH with l" coiled tubing
to clean out any sand fi_l as follows:

Coiled Tbg Hole Angle Coiled Tbg* N2 Rate

Time Depth (ft) At Depth (Deg.) Weight(Ibs) (SCF/min) Remarks

9:15 am 0 0 ° 0 0 Start RIH w/C.T.

9:25 am 2500 19 ° 1500 0 RIH at 250 ft/min

9:44 am 3500 58 ° 1600 i000 Start N2

Stop N2 Add ball
9:55 am 3500 58 ° 1600 0 valve in line.

10:15 am 3600 65 ° 1700 I000 Start N2

10:30 am 3700 70 ° I000 I000 Pump Press-2400PSI

10:32 am 4000 90 ° Ii00 1000 RIH @ 115 ft/min

Incr. N 2 rate -10:37 am 4600 90 ° 950 1400
Pump Press 2750 PSI i



Jan. 20, 1988 (cont'd)

Coiled Tbg Hole Angle Coiled Tbg* N2 Rate

TIME Depth (ft) At Depth (Deg.) Weight (ibs) (SCR/Min) Remarks

i0:41 am 5000 89 ° 750 1400 RIH @ ]20 ft/min

10:43 am 5300 89 ° Pushing ]400 Circ. N 2 w/someFoam to surface

10:50 am 5600 88 ° Pushing 1400 Pmp Press 2900PSI

Set down on sand
10:55 am 5685 88 ° Tag Bridge 1400 bridge POOH-5600'

Unable RIH,POOH

ii:00 pm 5600 88 ° Pushing 1400 to 5300'

Pmp Press-2750PSI
ii:I0 pm 5300 89 ° Pushing 1400 RIH @ 34 ft/min

II:30 pm 5685 88 ° Pushing 1400 Cleaning out sand

i]:34 pm 5700 88 ° Pushing 1400 Pmp Press-2700PSI

11:35 pm 5743 88 ° Tag Bridge 1400 Clean sand bridge

11:43 pm 5784 88 ° Tag Bridge 1400 Clean sand bridge

Pmp Press-3000PSI

11:52 pm 5800 88 ° Pushing 1550 Incr. N 2 Rate
Circ. N2 Foam

12:01 pm 5885 88 ° Pushing 1550 and sand

Tagged PBTD @6008'

12:10 pm 6008 87 ° Tag TD 1600 Incr N 2 to 1600

].2:15 pm 6008 87 ° 3000 1600 Start POOH w/C.T.

Lost prime on N 2

12:30 pm 5150 89 ° - 0 pump truck-switch
to Nowsco Air

Compressor - 330
SCF/min

1:30 pm 0 0 ° - -0- Out of Hole w/
C.T., RD NOWSCO

*Coiled tubing weight shown was recorded while running in the hole.

Pertinent coiled tubing data as follows:

1.000" O.D. Yield Strength - 50,000 PSI

0.870" I.D. Tensile Strength - 70,000 PSI

0.649 Ibs/ft. Max. W.P. - 4,000 PSI

Theo. Burst Pressure - 9]00 PSI



Jan. 20, 1988 (cont'd)

1:30 pm - RD NOWSCO coiled tubing unit and N 2 truck. Prepare to TOOH
2:15 pm with tubing.

2:15 pm - POOH with 2 3/8" tubing and BHA and LD same.

5:00 pm

5:00 pm - PU 2 3/8" bull plug + I jt. 2 3/8" tubing + 2' perforated sub

6:00 pm and started TIH on 2 3/8" tubing. Shut down overnight at 6:00 pm.

Jan. 21, 1988

7:00 am - Continued TIH with 2 3/8" tbg. to PBTD at 6008'. Spaced out
9:00 am tubing with three 4 ft pup joints and NU wellhead. Bottom

of 2 3/8" bull plug at 6006'. Top of the perforated sub at
5971'. Bottom of the perforated sub at 5973'

9:00 am - RU Dresser Atlas Wireline with packoff. Tied NOWSCO N 2 truck
I0:00 am into the tubing. Hooked up an N2 vent line from the 2 3/8"

x 4 i/2" annulus to the pit.

i0:00 am - RIH with Dresser Prism logging tools (i - 11/16" O.D.) on

4:00 pm 5/16" wireline. Overall tool length - 9 ft. Summary of

logging activities as follows:

Wireline Hole Wireline* Wireline N2

Depth Angle Weight Speed Rate

TIME Ft. Depth(meg) (Ibs) (ft/min) SCF/Min Remarks

I0:00 am 0 0 0 390 0 Start RIH with

logging tools.

10:08 am 3000 42 ° 545 30 0 Stop RIH. Start

N 2 rate at 700
SCF/Min.

]0:15 am 3150 47 ° 497 107 700

10:18 am 3400 50 ° 524 208 700 Pump Press-250 PSI

10:20 am 3700 70 ° 536 210 700

10:21 am 3900 75 ° 540 2i0 700 Maintaining speed
with no increase

in weight.

10:22 am 4000 90 ° 400 30 800 Lost weight. Incr.

N2 rate.

10:28 am 4145 92 ° 385 30 I000 Losing weight

Increase N 2 rate

10:29 am 4170 92 ° 560 72 II00 Increased N 2 rate

10:31 am 4300 92 ° 525 58 ]I00



Jan. 21, 1988 (cont'd)

Wireline Hole Wireline* Wireline N 2

Depth Angle Weight Speed Rate

TIME Ft. Depth (Deg) (Ibs) (ft/min) SCF/min Remarks

10:33 am 4340 91 ° 550 68 1500 Incr N2 rate

10:38 am 4600 90 ° 600 81 1500 Pump Press -
600 PSI

10:42 am 4850 90 ° 600 28 1700 Incr. N2 rate

10:50 am 4950 89 ° 640 55 2000 Circ. _2 and
foam to surf.

Incr. N 2 rate

10:54 am 5000 89 ° 635 30 2000 Circ. N2 and
foam

ii:00 am 5150 89 ° 635 25 2000 Pump Press.
600 PSI

11:05 am 5250 89 ° 635 44 2000 Circ. N 2 and
foam

11:20 am 5750 88 ° 610 90 2000 Wellbore dry
Circ. N 2 only

11:28 am 5980 88 ° 0 0 2000 Pumped tools
past perf. sub
at 5971-5973'

Lost all wt.

11:30 am 5980 88 ° 980 I0 0 Stopped N2
Logging out of
the hole

01:00 pm 5080 89 ° 880 I0 0 Logging

01:50 pm 4570 90 ° 845 I0 0 Logging

02:30 pm 4180 92 ° 803 I0 0 Logging

02:57 pm 3900 75 ° 805 I0 0 Stop logging
at 3900'. RIH

for repeat.

03:00 pm 3900 75 ° 550 220 2000 RIH

03:05 pm 5040 89 ° 650 200 2000 Able to main-
tain higher

line speed due

to dry we]lbore

03:08 pm 5500 88 ° 650 215 2000

03:10 pm 5900 88 ° 640 200 2000
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Jan. 21, 1988 (cont'd)

Wireline Hole Wireline* Wireline N 2

Depth Angle Weight Speed Rate

TIME Ft. Depth (Deg) (ibs) (ft/min) SCF/min Remarks

3:15 pm 5980 88 ° 0 0 2000 Tools down -
prepare to log

repeat. Stopped

N 2

4:00 pm 5600 88 ° 850 i0 0 Logged repeat
to 5600'.

Stop l_gging

*Wireline weight is that weight as indicated by Dresser Atlas

while running in the hole or while being pushed in the hole

with nitrogen. The wireline operator maintained a lower wire-

line speed on the first run to avoid any potential problems.

4:00 pm - Finished POOH with wireline. NOTE: Prism Log is a Spectral

4:20 pm Gamma Ray Log which was run through both 2 3/8" tubing and 4 I/2"

casing. RD NOWSCO N 2 truck and Dresser Atlas Wire]ine. Pre-
pare to TOOH with tubing.

4:20 pm - TOOH with 2 3/8" tubing to 3453'. NU wellhead. NU Flowlines.
(left 106 jt s 2 3/8" tubing in the hole - 80 jts 2 3/8" tubing

out: of the hole). Opened the well up to the test meter

(2" x 3/8") at 6:00 pm with back pressure regulator set at

55 PSIG. NOTE: Only Zone #I (PC #I at 5746') is open to the

wellbore. All other port collars are closed. RD Pool Well
Service. Shut down.



APPENDIX D-2

FRAC JOB ON ZONE #1 N 2 FOAH CLEAN UP OPERATION

DOE- BDM- RET #I
FIELD OPERATIONS
2/10/88 - 2/11/88

2-10-88 MIRU Pool double pole rig #491. SDON.

2-11-88

7:00- 8:15 am Well venting to atmosphere thru test meter (2" x 3/8").
FTP = 55 psig (Zone I). SlCP = 82 psig (Zone I).
Uncorrected gas rate = 30 mcfpd (Zone I only). No
flowlines. Blew down the well to atmosphere. Prepared
to TIH with tubing.

_15- 9:30 am TIH with 2-3/8" tubing. Tagged PBTD at 6008' (no sand
fill). Laid down one jt of tubing. NU wellhead.
Tubing in hole (bottom to top): 2-3/8" bull plug +
I jt 2-3/8" tubing + 2 ft perforated sub + 183 jts
2-3/8" tubing. Top of perforated sub at 5958'. End
of tubing at 5994'. Port collar #I at 5746'.

9:30- I_45 pm Waited on NOWSCO nitrogen pump truck for 3-I/4 hours.

12:45- 3_45 _ RU NOWSCO to reverse. Circulate all fluid from the
wel]bore with nitrogen. Cooled down. Started pumping
at Tnt) scfpm and 200 psig. Increased rate to 1400
$cfpm and pumped for 20 minutes. Maximum pump pressure
of 400 psi. Only a slight blow on the 2-3/8 tbg.
Shu_ down. Switched nitrogen pump lines to pump
conve_tio_lly down the 2-3/8" tubing and up the 2-3/8"
x 4-1/2" annulus. Pumped conventionally for a total
of I hour With initial rate of 1400 scfpm at 300 psi
and fina}._at_.of 2300 scfpm at 700 psi. Had water/
foam go su'rfac_ after only 10 minutes. Well dried
up. Rec'd I bblfluid (est). Pumped a total of 130,000
scf nitrogen. Rf)NOWSCO. Prepared to TOOH with tbg.

3"45- 6"00 pm TOOH with 105,its 2-3/8" tbg. SDON.

2-12-88

0730- 1500 Finished TOOH with 2-3_" tubing. LD perforated sub
and 2-3/8" bull plug. PU new BHA Bnd TIH on 2-3/8"
tbg. New BHA consists of: (_Btmto top). 2-3/8" tbg
collar + BTM isolatio_ cup_ . top isolation cups +
4 ft pup jt + closing sleeve pclsitioner+ 2 ea 4 ft
pup jts + opening sleeve positioner + 4 ft pup jt.
(Overall length = 33.84'). DSstan_e from top of BHA
to opening positioner = 5.87. Distance from top of
BHA to closing positioner = 16.96'. Spacing between
opening and closing positioners= 11.05.



NOTE: Btm isolation cups are facin9 down and top
isolationcups are facing up (see sketch).

Opened PC #14 at 3832' and PC #13 at 3960'. Set down
at 3996' with BHA. Unable to get below 3996' with
BHA. POOH with tbg and closed PC #13 at 3960'. NU
wellhead Zone 8 (PC #14) open to the casing and Zone
I (PC #1) open to the tubing. End of tubing at 3974'
Hooked up pressure recorder with chart. Left weli
shut-inovernight. SDON.

2-13-88

0730 - 18 hr SITP = 140 psig (Zone #i)
18 hr SlCP = 124 psig (Zone #8).
MIRU NOWSCO coiled tubing unit. NOWSCO air compressor
froze up. Thawed out same. Started RIH with coiled
tbg at 10:25 a.m. Started air at 1800' with 900 psig
initial pump pressure. RIH with coiled tbg at a very
slow rate from 2000' to 4000' to allow time to clean
sand off of the coiled tubing prior to RIH- sand on
coiled tbg was from NOWSCO's previous cleanout job
on another weil.

Did not tag any sand bridges while RIH. Tagged PBTD
with coiled tbg at 6008' Picked up 2 ft off bottom
and circulated the hole with air and soap at 300 scf/
minute for 70 minutes.

NOTE: Foam concentrated with water and soap. A total
of 5 bbls was pumped.

Circulated slugs of foam to surface with a trace of
sand. Started POOH with coiled tbg at 2:25 p.m.
Continued pumping air at 300 scf/min, while POOH.
Out of the hole with coiled tbg at 4:00 p.m. Detail
of coiled tubing run at follows:



COILED TBG RUNNING PUMP
DEPTH WEIGHT PRESSURE

TIME (ft) (Ibs) (psig) REMARKS

9:30 am 0 0 0 Thawing out air compressor.
10:25 0 0 0 Start RIH with C.T.
10:40 1800 500 900 Start air only @ 300 scf/min.
11:00 2800 750 900 Cleaning sand off C.T. from

previous job. Slow (10 ft/
min).

11:30 3250 950 900 Cleaning C.T.
11"45 3420 1250 900 Cleaning C.T.
12:20 pm 3800 1450 1050 Start soap.
12:30 4250 1500 1600 Did not tag any sand in low

spot of welIbore.
1:00 5550 1000 1300 Stop soap.
1:02 5650 800 1250 Light mist to surface.
1:07 5885 650 1250
1:10 5960 500 1200 Circ foam slug to surface

w/trace of sand.
I:15 6008 TD 1200 Tagged PBTD. Pumped remaining

4 bbls of soap & water w/air.
2:15 6006 TD 1100 Circ on bottom
2:25 6006 3000 1050 Start POOH w/C.T. Light

mist w/slugging foam.

2:35 5500 2800 1050 POOH @ 40-50 ft/min. Slugging.
3:00 4500 2650 1000 Slugging foam to surface.

3"10 4100 2500 1000 Circ sand and foam to surface.
3:35 2500 1500 1000 Circ air/mist to surface
3:40 1500 1250 1000 " " " " "
4:00 0 0 0 Shut down.

2-13-88 (continued)

2:00- 6:30 pm RD NOWSCO coiled tbg unit. ND wellhead and TIH with
tbg. Tagged sand with isolationcups at 3996'. Unable
to go below 3996' with BHA. POOH w/tbg to 3974'.
NU wellhead. Left well venting to atmosphere. SDON.

2-14-88

8:00 am-l:30 pm Re-spotted Pool Rig. ND wellhead. TOOH w/tbg and
BHA. Closed PC #14 while TOOH. Found bottom isolation

cups packed with frac sand. Cleaned cups. Found them
to be in good condition.



1:30- 6"00 pm TIH w/160 jts tbg to 5210' to check sand fill and hole
conditions from Zone 8 to Zone 4. Tripped tbg past
low spot in the wellbore around 3996' with no problem.
NOTE: Appears to be only a small amount of sand around
3996' which packs around the bottom isolationcups.
Started out of the hole with the tbg. Pulled 20 jts
and SDON. Zone i (PC #I at 5746') is the only zone
open to the wellbore. Left well venting overnight.

2-15-88

7:00 am-12 N Finished TOOH w/tbg. PU BHA (see detail on 2-12-88)
and TIH on 115 jts 2-3/8" tbg. End of tubing at 3778'.
(218 ft above low spot at 3996' and 54 ft above top
port collar #14 at 3832'). NU wellhead. Shut-in the
well (Zone I) at 12:00 noon. Shut down. Ordered out
coiled tubing unit and nitrogen truck. Coiled tubing
unit will not be available until 2/17/88.

2-16-88 Shut down. Waiting on NOWSCO coiled tbg unit.



BDM-DOE-RET #I

Shut down. Waiting on NOWSCO coiled tubing unit.

i0:00 am - SITP = 165 PSIG (Zone #i). Location and lease road are
II:00 am very muddy. Pulled NOWSCO on location with a dozer.

ii:00 am - RU NOWSCO to run I" coiled tubing inside the 2 3/8" tbg
12:30 pm set at 3778'. RIH with coiled tubing to 1400'. Found

numerous holes in the coiled tubing due to acid, which
was left in the coiled tbg from the day before. RD
NOWSCO coiled tubing unit and nitrogen truck. Hooked up
Zone #i to vent gas through the seperator with 55 PSIG
back pressure. Released the Pool rig crew. Shut down at
3:00 p.m. Waiting on NOWSCO to replace the bad coiled
tubing.

8:00 am - Zone _i flowing through the test meter with 55 PSIG FTP.
3:30 pm Uncorrected gas rate = 55 PSIG x 30" = 40 MCFPD. RU

NOWSCO coiled tubing unit and nitrogen truck. RIH with
coiled tubing as follows:

COILED TUBING
DEPTH PRESSURE WEIGHT N2 RATE

TIME (FT) {PSIG) _ {SCFPM) REMARKS

9:30 am 0 0 0 0 Start RIH

9:52 am 3100 0 1400 0

10:18 am 3500 1050 1200 700 Start Pumping
N2 Down C.T.

I0:24 am 3700 i000 1200 700 Pumped 2 Bbl
Foam slug -
3200 PSI Max

10:27 am 3800 2150 1250 1000 Increased N2
Rate to i000
SCF/Min.

10:47 am 4500 2200 I000 I000 Finished wash-

ing thru low
spot in csg.

10:58 am 4900 1600 0 700 Pumped 2hd -
2 Bbl foam

slug-3600 PSI
max. Circ.
water to sur-
face. No foam.

11:03 am 5100 2400 0-250 i000 Increased N2
rate to I000
SCF/Min.



2/25/88 (cont'd]

11:35 am 5700 1950 Pushing i000 Reduced N2
rate to 600
SCF/rain.

Ii:43 am 5750 1150 Pushing 600 Pumped 9 Bbl
Foam slug -
Set down at
5750' . In-
creased N2
rate to 200
SCF/rain.

ii:55 am 5780 3300 0 2000 Washing thru
sand bridge.

12:05 pm 5785 3600 0 2200 Increased N2
rate to 2200
SCF/min. Circ
light foam and
water to sur-
face. No sand.

12:20 pm 5785 0 0 0 NOWSCO - out
of N2 - switch
to alr.

12:27 pm 5919 800 1250 (air)300 Washed past
bridge. RIH
with C.T.

12:40 pm 6008 1050 0 300 Tagged PBTD w/
C.T. Circ.
air and foam
to surface.

12:45 pm 6008 1050 0 300 Start POOH w/
C.T. to 4000'
@ i00 ft/min.

i:00 pm 4000 i000 250 300 RIH w/ C.T.
Back to PBTD.

i:35 pm 5600 950 250 300 Circ. Foam
slugs to sur-
face. No sand

2:00 pm 6008 950 0 300 Circ. w/alr w/
C.T. at PBTD.

2:15 pm 6000 950 - 300 POOH w/C.T, at
I00 ft/min.

2:33 pm 3830 950 2600 300 Reduce C.T.
speed to 50-60
ft/min.

3:30 pm 0 0 0 0 Out of the
hole w/C.T.

NOTE: There was never any appreclable amount of sand circulated to
surface while circulating with nitrogen or alr. Recovered only 2-3
Bbls of the 13 Bbls fluid which was pumped. Concluded that the
isolation cups on the 2 3/8" tubing failed and/or we were pumping
into the formation.



2/25/88 (cont'd)

3:30 pm - RD NOWSCO. ND the wellhead and continued TIH with
6:30 pm 2 3/8" tubing which was set at 3778'. TIH with tubing

and tagged port collar #14 at 3832' with the isolation
cups (164 ft higher than before). Unable to work tubing
past 3832'. TOOH with tubing and LD the BHA. Swabbed
water, foam, and sand while TOOH with tubing. Found sand
packed on top of the isolation cups thus indicating that
the cups failed while circulating with the coiled tubing
and nitrogen. SDON.

_/26/88

7:00 am - RIH with 1 Jt 2 3/8" tubing plus closing tool on 2 3/8"
1:00 pm tubing. Unable to get below port collar #3 at 5464' with

the closing tool. NU strlpping head to attempt to wash
the sand off of port collar #3.

1:00 pm - RU Pool Foam Air unit to reverse circulate the hole thus
7:00 pm attempting to wash the sand out of the 2 3/8" x 4 1/2 "

annulus and port collars and up the 2 3/8" tubing.
Circulated with foam as follows:

SURFACE CASING
PRESSURE AIR RATE SOAP RATE

TIME (PSI_) (SCFPM) (GPM) REMARKS

1:30 pm 50 500 0 Loading the hol_
with air while

reciprocating the
pipe thru the
stripping head

1:45 pm 125 500 0 Working pipe.
Unable to get below
5464'

2:00 pm 125 500 4 Start soap

2:50 pm 150 500 8 Increase soap

3:20 pm 550 500 8 Foam to surf. Unable
to get below 5464'

3:30 pm 575 500 8 Foam and sand to
surface

4:30 pm 550 500 8 Circ. good foam w/
sand

5:00 pm SD 0 0 Shut down. Clutch
burned out on foam
air unit

Foam air unit broke down at 5:00 pm. Unable to flush the
hole with air only. Vented the annulus pressure off
through the tubing so as to avoid circulating any sand
back into the annulus. RD the foam air unit. ND the
stripping head. Note: Unable to get below 5464' with
the closing tool. Prepared to TOOH. SDON at 7:00 pm.



7:30 am - TOOH with the tubing and closing tool. PU new BHA and
4:00 pm TIH. New BHA consists of= (BTM to TOP) 2 3/8" tbg

collar + 1 Jt 2 3/8" tbg + closing tool + 4 ft pup Jt +
4 ft pup Jt + opening tool + 4 ft pup Jt + bottom
isolation cups + top isolation cups + 4 ft pup Jt.
Overall length of the BHA is 66.40'. Note: Baker
Service Tools replaced the worn cups on the isolation
tool with new cups. TIH with the BHA past the low area
in the casing with no problems. Opened zones #8, #6, #5
and #4 while TIH. Landed the tubing at 5211' (EOT) with
zones _8, #6, #5 and #4 isolated in the 2 3/8" x 4 1/2"
annulus and zone #i isolated in the 2 3/8" tubing.

Closing tool is at 5176' and the opening tool is at
5165'. The bottom of the isolation cups is at 5158' and

the top of the cups is at 5151'. The following table
summarizes the status of all port collars and zones in
the well :

ZONE PC# DEPTH
8 14 3832 open
8 13 3960 open
7 12 4147 closed

6 ii 4291 open
5 i0 4383 open
5 9 4595 open
5 8 4894 open
4 7 5038 open
4 6 5129 closed
3 5 5229 closed
3 4 5319 closed
2 3 5464 closed
2 2 5555 closed

1 1 5746 open

NU wellhead. Left well venting to the stock tank while
metering both the tubing and casing pressures and
flowrates. Shut down.



APPENDIX E

SUPPORTING MATERIAL AND PROCEDURES FOR STIMULATION NO. 4

IN ZONES 2-3 AND 4 CONSISTING OF 138,000 GALLONS OF NITROGEN FOAM

AND 225,000 POUNDS OF 20/40 MESH SAND

E-I Log of Field Operations During Frac Job and Well Clean-Up

Operations

E-2 Report on Frac Operations by Operator (NOWSCO)



'.... APPENDIX E- 1

FRAC JOB ON ZONES 2-3 & 4 - FRAC AND CLEAN UP

BDM - DOE - RET #i

5/23/88 Pool Well Service on location. Zone #i flowing down

pipeline through both tubing and casing. All remaining8:00 am -
zones are closed. Blew down the well to atmosphere.

8:00 pm ND Wellhead and POOH w/ tubing (only 4 jts of 2-3/8"

tubing were in the hole). PU Baker #43A wireline set

retrievable bridge plug adapted with a size #i0 Model

"J" Hydro setting tool and TIH on 173 jts 2-3/8"

tubing. RU NOWSCO and pressured up on tubing to set
the RBP as follows:

TIME TP N 2 RATE HOOK WEIGHT REMARKS
(PSI) (SCFPM) (LBS)

12:22 pm 0 650 17,500 Start N

12:30 pm 500 650 17,500 Gas sti_l venting

12:35 pm 750 650 17,500

12:40 pm 950 650 17,000

12:42 pm 1075 1000 15,000 RBP SET. No gas flow
out annulus.
_ncreased rate.

12:48 pm 1550 i000 12,500

12:55 pm 2000 2000 12,000 Increased rate

i i:00 pm 3000 2000 i0,000

1:08 pm 4000 i000 8,000 Decreased rate

1:14 pm 4500 950 7,500 Decreased rate

1:20 pm 5000 950 7,000

Shut down N 2 with 5000 psi on the tubing. (Max. Allow.
pump pressure for NOWSCO Np pump truck.) Picked up
on tubing 2000 ]bs above s_ring weight while holding

5000 psi pressure on tubing and sheared off the RBP.

Tubing and casing equalized when the tool sheared

and the N bled off through the 2-3/8" x 4½" annulus.

Released _ii pressure off the tubing and RD NOWSCO.

Re-tagged RBP with 5000 ibs set dozen weight. RBP set

at 5645' (center of rubber elements) TOOH w/ tbg. and

LD Model "J" setting tool. PU Halliburton's opening

tool positioner + 1 jt 2-3/8" tbg. + 2' perforated

sub and TIH on 2 3/8" tbg. Opened port collars #2
thru #9. SDON.

5/24/88 Continued TOOH and opened PC #i0 thru #14. LD opening

tool and PU closing tool and TIll. Closed PC #7 thru

8:00 am - #14. Left PC #2 thru #6 open for the frac job. TOOH.

3:00 pm Replaced 4½" DEMCO frac valve with a rental 4½" DEMCO
frac valve (NOWSCO). SDON.

5/25/88 RU NOWSCO and fracture stimulated zones 2, 3, and 4

down 4½" casing as follows:8:00 am -



5/25/88 (cont)

No RA material in pad or flush. Total CO2= 20 tons.

Total N2= 1,061,151 SCF. Foam additives as follows:

1 GPT Clay Std CSA-5, 5#/1000 gal Iron Stab 600,

5 GPT SFII Foamer, i0#/I000 gal Gel, 1 GPT

Breaker F, ½ GPT Buffer 5C, 2% KCL. RD NOWSCO

and NU flowlines. Opened the well at 12:45 pm and
flowed as follows:

TIME FCP (PSI) CHOKE (in.) REMARKS

12:45 pm 920 8/64 Open to pit. Blowing N 2.

i:00 pm 870 8/64

1:15 pm 820 9/64

1:30 pm 600 16/64

1:45 pm 420 22/64 Fluid to surface w/ Tr. sand.

2:00 pm 390 32/64 Rec. 20-30 BPH Fluid w/ Tr. sand.

3:00 pm 370 32/64 Tr. sand.

4:00 pm 350 32/64 Sand increasing.

4:30 pm 310 40/64 Rec'd approx, i00 Bbls fluid.

5:00 pm 185 44/64 Sand increasing.

5:15 pm 185 48/64 2" flex hose cut out. Shut-in to
change out same.

5:50 pm 410 32/64 Re-open to pit w/ end choke.

6:00 pm 320 32/64 30-40 BPH w/ sand.

7:00 pm 265 32/64

7:30 pm 250 32/64 End choke cut ou£. Shut-in.
Ordered out smaller end chokes.

Total Fluid Recovered= 160 Bbls. Load left to

recover= 499 Bbls. Left well shut-in overnight.

NOTE: RD Pool @ 5:00 pm.

5/26/88 Removed flex hose from flowline. Cut and threaded 2"

line pipe and hooked up same from wellhead to the

6:30 am pit. Shut down. Waiting on end chokes.

1:45 pm Opened well on %" end choke and flowed as follows:

TIME FCP (PSI) CHOKE (in.) REMARKS

1:45 pm 450 1/4 Open to pit.

2:00 pm 370 1/4 Trace sand w/ fluid.

3:00 pm 375 1/4 Trace sand w/ fluid.

4:00 pm 355 1/4 Sand increasing.

5:00 pm 355 1/4 Sand increasing.

5:30 pm 355 1/4 %" choke cut out. Shut-in.

i0:00 pm 380 1/8 Open on 1/8" end choke.

ii:00 pm 370 1/8 Trace sand.

5/27/88 12:00 MN 360 1/8 Trace sand w/ fluid.

6:00 am 320 1/8 Sand cleaning up.
i0:00 am 290 1/8 Increase choke to %".

ii:00 am 265 1/4 Trace sand w/ fluid.

12:00 Noon 255 1/4 Cleaning up.

i:00 pm 235 1/4 Clean fluid w/ N 2 and gas.
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5/27/88 (cont)

Installed pressure recorder on casing and left well

flowing to the pit on a %" end choke overnight. Re-
covered 9 Bbls. (est) load water last 24 hrs.

Cum Load Recovered= 169 Bbls. Load left to recover=

490 Bbls.

!

6/14/88 Pool Well Service on location. Zones #2, #3, and #4

are flowing up the 4½"casiilg through open port collars
8:00 am - #2, #3, #4, #5, and #6 at 5555' 5464' 5319' 5229'
9:00 am ' ' ' '

and 5129' respectively. Venting all gas to atmosphere

through the test meter. Gas rate = 44 mcfpd (uncor-

rected) with 50 psig flowing pressure. (2" x 5/8"

plate, 5" diff., 50# LP) Blew down the well to at-

mosphere and ND the wellhead.

9:00 am - PU Baker Washerover Type Retrieving Head and TZH on

11:45 am 2-3/8" tbg. Stuck tool at 3640 ft. Unable to move up

or down. RU stripping head and Pool Foam Air unit.

11:45 am - Pumped down the 2-3/8" tbg with foam air at a rate of

8:00 pm 500 scf/min w/ 4 gpm soap. Worked pipe free. Cir-

culated water, foam and sand to surface. Washed down

through scattered sand from 3640 ft to 3810 ft. Re-

covering large volumes of 20/40 frac sand. TIH to 4688'

w/ no tbg drag. Attempted to pump down tbg with foam

air with no success. Max. pump pressure of 950 psig

w/ no circulation. POOH w/ tbg (no excess drag) to

4365'. Broke circulation with foam air down tbg with

600 psig max pump pressure. Circulated foam saturated

w/ frac sand. Continued pumping until 8:00 pm (2% hours).
SDON. Recovered an estimated 30 Bbls load water and

5000 Ibs frac sand today.

6/15/88 Continued pumping down 2-3/8" tbg set at 4365' with foam

air at a rate of 500 scf/min with 4 to 5 gpm soap. Cir-7:00 am -
culated out foam saturated with frac sand. SD at 9:15

9:45 pm
am and PU Baker's circulating swivel. Switched lines to

reverse circulate with foam air. Resumed pumping at

9:50 am. Circulated foam with sand. Stopped pumping liquid

(air only) at 11:20 am. Continued pumping air until the

well dried up. SD at 11:50 am. TIH w/ tbg and tagged
sand at 4721'. PU swivel and washed with foam air from

4721' to 4754'. Recovered foam with sand. Jetted the

hole dry with air only and SD pumping at 2:10 pm. TIH

w/ tbg and tagged sand at 5080'. PU swivel and washed
with foam air from 5080' to 5112'. Recovered foam with

sand. Jetted the hole with air and SD pumping at 3:40

pm. TIH w/ tbg and tagged sand at 5275'. Washed with

foam air from 5275' to 5309'. SD at 4:20 pm. TIH w/

tbg to 5600'. Did not set down on sand bridge; however,

experienced excess drag while tripping pipe. PU swivel
and washed from 5600' to 5635' with foam air. SD

pumping at 6:20 pm. TIH w/ tbg and tagged sand fill
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6/15/88 (cont)

on top of RBP (set @ 5645') at 5640'. PU swivel and
washed from 5640' to 5645'. Unable to latch RBP with

retrieving tool. PU on tbg 5 ft. Rotated tbg two(2)

complete revolutions with power tongs (at surface)
and worked 1/4 turn downhole. Caught RBP with re-

trieving tool and opened the RBP by-pass. Continued

circulating through the by-pass with foam air for ½

hour. No increase in gas blow was seen. PU on tool
and released RBP with 5000# overpull. Reverse cir-

culated foam (with sand) and gas to surface for one(l)

hour. Circulated with air only for ½ hour. Started

TOOH with RBP at 8:30 pm. Pulled 6 jts and RBP hung

up with bottom of RBP at 5448' (16 ft above PC #3 at
5464'). Unable to go up or down. While working the

pipe, the well kicked off up the tubing blowing sand
and foam. Hooked up flowlines to the tubing and shut

down overnight. Left well blowing to the pit overnight.
Recovered 35 Bbls load water and 7,000 ibs frac sand

today (est.).

6/16/88 Well still blowing light mist up the tubing. Tubing
still stuck at 5448'. Reverse circulated with foam

7:00 am -
air for 1¼ hours. Unable to circulate foam to surface

8:45 pm with a maximum pump pressure of 150 psi at 500 scfpm

air with 2½ gpm soap. Pumped down tubing with foam

air and tubing pressured up to 800 psi with no leak

off. Tubing plugged with sand. Bled pressure to 200

psi in order to surge the sand out of the tubing with
no success. Surged the tubing 3 additional times

with only a trace of sand and foam to surface. In-

stalled Baker's rotating swivel and worked the pipe

while pumping down the tubing. Pipe came free. Cir-
culated conventionally with foam air. Had foam and

sand to surface after 1 hour. Recovered large amounts

of sand while circulating. After pumping for 4 hours,
the sand concentration was reduced to a trace. Shut

down foam air unit and started TOOH with RBP. Pulled

4 joints and RBP hung up _t 5300'. Worked same free

and continued TOOH. Pulled 36 joints and shut down

due to the well flowing large volumes of sand with

traces of shale up the tubing. PU swivel and reverse
circulated with foam air for 2 hours. Unable to

clean out the well due to the formation giving up
frac sand. Shut down foam air and continued TOOH.

The well continued to blow foam with sand while TOOH.

(The rig crew wore protective goggles during the

trip.) Recovered all tools. NU the wellhead and

flowed zones i, 2, 3, and 4 up the casing overnight

(to the pit). SDON. Recovered 15 Bbls load water and

4,000 ibs frac sand today (est.).
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6/17/88 RD foam air unit. PU 2-3/8" tapped bull plug, 2 ft

perforated sub, 2 jts 2-3/8" tbg, 2 ft perforated sub
7:00 am -

and TIH on 2-3/8" tbg. Tagged sand bridge at 3725'.

11:45 pm Unable to knock thru the bridge with the tbg. Called
foam air unit back to the location and RU same. Pumped

conventionally with air at 500 scfpm while working tbg.

Washed through a sand bridge from 3725' to 3740'.
Continued TIH with tbg and tagged a sand bridge at

5720'. Washed conventionally with foam air from

5720' to 5735' (scattered). Hit a solid sand bridge

at 5735'. Washing at a rate of I0 minutes/foot.
Shut down foam air unit and packed off the wellhead.

Top perforated sub at 5665' to 5667'. Bottom perforated
sub at 5732' to 5734'. End of tubing at 5735'. RU

Dowell Schlumberger and pumped down tbg with nitrogen

at a rate of 500 to 2000 scfpm in order to clear the

tubing of any sand. SD. RU Atlas wireline with
lubricator. Continued pumping nitrogen at a rate of

500 scfpm for 5 minutes. Started RIH with spectra

gamma ray tool on 7/32" cable while pumping nitrogen

at 500 scfpm. Lost tool weight at 4044'. Increased

N2 rate to 1200 scfpm. (max. rate required to pump
tools to the end of the tubing.) Tied in wireline

to steel line m_asurement (i.e. 2 foot perforated sub

in the tbg string). Started logging at 8:00 pm at a

rate of 10-15 fpm. Logged up to 3700 ft. Finished

logging at ii:00 pm. POOH with wireline and RD Atlas

and Dowell. Shut down at 11:45 pm. Left well SION.
Recovered 5 Bbls load water and 500 ibs frac sand

today (est.).

6/18/88 ONSITP= i00#. ONSICP= i00#. Opened the well to the pit
and blew down same. ND wellhead and started out at the

7:00 am -
hole with the tbg. Pulled 15 ft and stuck tbg at 5720'.

4:00 pm PU swivel and circulated conventionally with air at a

rate of 500 scfpm. Worked pipe 3,000 to 5,000 ibs

above string weight and freed same. Continued circu-

lating the hole with air for 2 hours while working the

pipe. TOOH with tbg to 3098'. NU wellhead. Tubing
left in the hole: 2-3/8" bull plug, 2 foot per_urated

sub, 2 jts 2-3/8" tbg, 2 foot perforated sub, 95 jts

2-3/8" tbg. End of tubing at 3098'. Bottom perforated

sub at 3095' to 3097'. Top perforated sub at 3028'
to 3030'. RD foam air unit. RD Pool Well Service.

Left well shut-in for buil_ up. SD at 4:00 pm. Re-
covered 2 Bbls load water and 200 ibs frac sand today

(est.).



APPENDIX E-2

REPORT ON FRAC OPERATIONS BY OPERATOR (NONSCO)

____A_

V 950 GFiEENTREE ROAD * PITTSBURGH, PA ",5220

PHONE (412) 937.1411 * FAX (412) 937-1405

June I, .1988

Mr, Bill Overbey

BDM Corporation
1199 Van Voorhis Rd., Suite 4

MoL'gantown, WV 26505

DeaL" Bill,

Please find attached a post .job report for the R,E.T. #I well we just

frac'tured foL you. I hope you will find it useful in designing f_ture
treatments.

I would also like to take thJ.s opportun.i.ty to thank you agai_n for'

awarding the tL'eatment to NOWSCO Well Services,

Please feel free to call. me at any time should you need clarification of

this repot:t,

.....t /

t_-_ Tom Udick
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1. GENEI_\L OBJECTIVES

SIMPLY S'FATED, THE OBJECTIVE OF THE TREATMENT WAS TO SUCCESSFU[,LY

FRACTURE THE FORMATION I!SI.NG l'ttt" FOLLOWING FLUll)S/GASES ANl) THEJR
RESPEC'F [VE VOI.,IJMES:

20 TON CO2 PREPAD

48,000 GAL 80 QUALITY FOAM PAD
qO,000 GAL 80 QUAI,II'Y SAND I,ADEN FLUID

Till;; FOAM PAD WAS NOT GELLED, WHII,E THE SAND LADEN Ft, UID CON'FAIINI_D
APPROXIMATELY 15#]1,000 GAI,I,ONS GEl,I/LNG AGENT.

I'HF; TOTAL AMOUNT OF SAND 'rO BE PLACED WITHIN THE CREATED FRACT(fRF WAS

225,000 I,BS 20/40 MESH OTTAWA SAND,



"2, ._IATER1AL REQU1RENENTS

THE FOLLOWING NATERIALS WERE REQUIRED TO PERF'OP_ 1tiE TREATMENT:

EQb I1 MEN] HATERIALS
1 BLENDER 225,000 LBS 20]40 SAND
1 CO2 PUHPER 4,700 LBS KC1 SALT

1 tt21,) PUMPER 27,6 GAL CSA-5 CLAY CONTROl.,
2 HV N2 PUMPERS 27.6 LBS BREAKER F
1 CO2 TRANSFER PUHP 138 LBS IS-600 Fe CONTROL

1 SAND SL[DE 138 GAL SF-2 FOAMER
4 SAND tRUCKS 276 LBS I,SRINB GELLING AGEt_T
1 CHEMICAL TRUCK 14 GAL NOWPIIIX 5L BUFFER
3 N2 TRANSPORTS 20 TON (i(12
1 DENSIOMETER ]. , 029,222 SCF NITROGEN
1 N2 FLOWHETLR
1 (.;(12 TRANSPORT
1 FRAC VALVE



13. QUAL]fTY GONTROL

A, FOAM QUAL]iTY

THE TREATMENT WAS i)ESIGNED TO HAVE A CONSTANT (;AS '1'O I,[QIJTI)
RATIO RATHER THAN A CONSTANT BOTTOM ttOLE RATE, THE REASONS t"¢)I_
'rHJ_S WERE :

I, 'tHE N.[TROGEN UNI.TS CIOULD ESTABLISH THEIR RATE AND MA[NTAIN
IT MORE EASI.1,Y

2, THE WATERSIDE PUMPER CC)ULD BE ADJUS'YED EASI[,Y '1'O c/OMPIt:NSA'I,I!',

FOR THE AI)DITION OF SAND, WHILE THE BI,ENI)ER CCIUI,II MAI NTAIN A

(;LEAN FLUID RATE OF 8 BPM

3, THE 4:1 RATIO OI-.' GAS BARRELS TO 1.,1QLJII) BARRE1,S WOIJI,I3 N()'I'
VARY DURING THE TREA'.I'MENT

B, NITROGEN RATE

'rile NITROGEN RATE WAS RECORDED THROUGHOUT THE TREATMENT USlNG A

HARMONIC NITRC)GI?,N F:'I,OWI_IETER, THE RATt:: t:'I.JJCTUATEI) BETWEEN II ,0(1(1

SCF/MIiN 'rO APPROXINATE[,Y 12,500 SCF/MIN DURING THE EARI,,Y STAGES
OF THE TREATMENT, A GRAPH SHOWIN(:; THE NITROGEN RATE VI:',I_SllS-; 'I'IME

I S INCLUDED liN THE GRAPH SECTION,

C. SAND CONCENTRAT1.ON

THE SAND CONCI?N'FPoXTION WAS CONTliNUOUSLY RECORDED USING A

DENSIOMETER. A GRAPH OI-THE SAND GONCENTRAT](IN VERSUS Tlbll:' 1_4

GIVEN ]iN THE GRAPH SECTION,

SAND WAS I)EI.,ILVI-::I_t_D '1'(1 THE BLENDER BY SAND TRII(/i(S, A ,%ANI) It_1(;

WAS CONSI;DERED, BIJ'F DUE TO THE LOGIST[CS ANl) THE [,OCA'I'ION C)[;' TI-/E

WELL,, IT WAS F.'EIFI BE,cIT 'l'O IJSE THE SAND UNI'r_;,

THE EFFECT OF CHANG[NG SAND UNITS C;AN gE SEEN ON THE (;RAPH

SHOWING SAND CONCI::NTRA'I'I(IN VERSUS T]Mt!:. (THIS GRAPtt -IS AI,%()

INCLUDED IN THE GRAPH SECTI.ON, ) SEVERAL DEPRESSIONS AP,E
NOTICEABI,E IN 'I'tlF ¢;UIRVI.; WIIlCH CORRESPONI)S TO THE TRITCIi (;HANGI::%.

ONCE Till:'; SAND UNITS WERE CHANGED OUT, THE CONCENTRATION WAr4

QU l Cl_,]_,Y RECOVERED.

RECOMMENDATIONS FOR f'UTURE ,.JOBS WOULD BE TO USE THi,: SAND I.IO(', (I.F

POSS1BLI_;) WttlCIt COULI) FACII,ITATE A MORF EVEN SAND CflN(;IJN'I'RAI'If_N,



3. QUALETY CONTROI, (GONTI.NIIED)

I). FLU] DS

'II'HE Ptt OF THE WATER USED FOR THE TREATMENT WAS APPROX[HATI:'.I,Y
5.0. TIlE F1,UID TENt'F.RATURE WAS 65 F'.

THREE 2.:50 BBL TANKS WERE PLAGED ON LOCATION. AI_L 'I'IfRI:;I!', TANKS

WERE PREHIXED WITtt KC1 SALT, WH.[LE ONLY TWO OF THE TANKS Iql:Rl' i

PREMI.XED W,IiTI:t NOWPHIX 5I, BIJFFER AND LSR1NB GELLING A_II:',N"I',

THE GEI,L BREAKER, I RtlN GONTRO1. FOAMING AGENT ANl) GI,A't
STABIILEZER WERE ADDED WHII,E PUMPING AND NOT PREMIIXI:;D,

TltE GONCENI'RATION% lq)l{ TIlE VARIOUS AI)IllT]VES WERE:

(21A-5 CLAY (;{)N'I'R()[, 1/ 1000 GALS
1S-600 1RON CONTROl, 5/1.000 GALS
SF-2 FOAMING AGENT 511000 GALS
NOWPHIX 5L BUFFER ,511000 GAI.,S
BREAKER F GEL[, BREAKER l/t000 (;ALS
LSR1NB GEl,tAN(; AGENT 13/1000 GA1,S

A F I.ELD RHEOME'FER WAS NOT USED ON TtII.S TRE:_TMENT,



4. ,JOB SUMMARY

THF, PROPPANT WAS SUCCESSFULLY INJECTED I_N'FO THE FORMAT10N USIN(; TtIE

[-;'I,Ull) VOLUHES REGOMMENDEI), TIlE 5ANI) SCHEI)ULE WAS QI.t.I.TE AGGRESSIVh'. IN

TERMS Of.:' ATTAINING THE ['IAXI.I'IUM SAND GONCENTRATI.ON VERY (_IJICKI,Y. AI.,1,

\.'_)I,UMES OF FLUIDS INJEC']'I!;I) WE};E AS PER DESIGN,

FHE I)NLY OPERATI.ONAL PROB1,EM OCCIJRRED WHEN THE NII'I'ROGEN I.,I.NI_ BI,EW A

SEAl,, TItl,)S ALLOWING A GAS LEAt; TO DEVELOP, RATIIER THAN S'I'OI' TIlE

TREATblENT AN[) CHANCI'._ A SCREEN-OUT, TtfE DECISION WAS blADF, TO (;I)NTINIJE 'I'F,E

TI-IEA'I'HI-N'I A'I A LOWEll INJECTION RATE, THE DOWNtlOLE RATE WAS REI)I!CI.:I) 1'(.1

30 BPM (;LEAN RATE FROM 40 BPH, THE WELLHEAD PRESSURE RESPONDED

ACCORI)INGI_,Y BY DECREASING API_ROXIMATELY 400 PSI,

'I'HE JOB WAS TERHINA'rED AT 12:04 ',30 AND TRUCKS WERE OFF LO(;ATION BY i:00

!' , bl ,





BDM

PROP/FLUID SCHEDULE

CLEAN FOAMER/ BREAKER/ NITROGEN SAND
BBL IS-600 CLAY STABILIZER GONE GONE

MARK GONE GONE MSCF LBS

0 0 0 0 0

24 5 i 25.4 0

48 I0 2 50.8 0

72 15 3 76.2 0

96 20 4 101.6 0

120 25 5 127 0

144 30 6 152.4 0

168 35 7 177.8 0

192 40 8 203.2 0

216 45 9 228.6 0

240 50 I0 254 1,200

264 55 II 279.4 4,875

288 60 12 304.8 11,079

312 65 13 330.2 19,785

336 70 14 355.6 29,955

360 75 15 381 41,190

384 80 16 406.4 53,790

408 85 17 431.8 68,130

432 90 18 457.2 83,250

456 95 19 482.6 98,370 ,

480 I00 20 508 113,490

504 105 21 533.4 128,610

528 110 22 558.8 143,730

552 115 23 584.2 158,850

576 120 24 609.6 173,970

600 125 25 635 189,090

624 130 26 660.4 204,210

648 135 27 685.8 219,330

657 137.5 27.5 696 225,000



CALCULATIONS:

HYDROSTATIC PRESSURE FOR VARIOUS SAND CONCENTRATIONS:

SAND CONCENTRATION ES_IIMATED ttYDROSTATIC

(LB/GAL) PRESSURE IN 80 QUALITY FOAM
2 5 0 10 PSI/FT
5 0 0 11 PSI/FT
7 5 0 12 PSI/FT

10 0 0 13 PSIIFT

12 5 0 138 PSI/FT
15 0 0 144 PSI/FT

ANTICIPATED WELLHEAD PRESSURES :

PAD STAGE 1810 PSI

2 5 LB/GAL STAGE 1765 PSI

5 0 LB/GAL STAGE 1731 PSI

7 5 LB/GAL STAGE 1697 PSI.

i0 0 LB/GAL STAGE 1663 PSI

[2 5 LB/GAL STAGE 1636 PSI

.150 LB/GAL STAGE 1616 PSI

TOTAl_. F'RICTION AI' 40 BPH WAS EXPECTED TO BI:; ABOUT 1154 PS1. THIS VAt, tIE
IS BELIEVED TO BE INVALID SINCE WELLHEAD PRESSURES WERE CONSIDERABLY

LOWER THAN THOSE ANTICIPATEP,, A COPY OF THE FRICTION CHART IS ALSO

INCLUDED IN THE GRAPH SECTION,



5. GRAPHS & PLOTS
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FOAM FRICTION PRESSURE

PIPE DATA: 41/2-IN. OD CASING -- 11.6 LB PER FT

1000 ' I "/_,1
,'r/I

800 - / _'/_:,,_

600 /, ;_,;///

°°,oo
o 300 - I/r

ILII . .

I1" FOAM QUALITY i /

' 'm 100 -- 0.85--= .....
80

0.80 /s'/// r
,Viii

cn 60_, Ii/11
IZ: 50 - 0.75 ,/ILl
a. ,'///
Z 40 I r//

0 30- 0.70 / _'//
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u Ii,
M.re 20 i 0.65 /, ,,

i
0.6C
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2 3 4 5 6 8 10 20 30 40 50 60 80 100

FLOW RATE -- BPM
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6, TREATMENT RECORDINGS





7. RECOMMENDATIONS

IT IS RECOMMENDED tHAT A SMALL BREAKDOWN AND PUMP IN BE DONE BEFORE

FRACTURING THE NEXT ZONE, THF REASON FOR THIS RECOMMENDATI@N 1S TIIAT A

HIGHER THAN EXPF',CTEDFRAGTLIRE GRADIENT MAY HAVE BEEN INFLUENCING THE

WELLHEAD PRESSURE. THE 1SIP AFTER THE TREATMENT WAS 1150 PSI.
CAI,CUI_AT[NG '['HE FRACTURE GRADIENT GI.VES'.

iSl.P/l)El'q'H 4 HYI)ROSTAT1G = 1'fg

THEREI:"OR[.:, 11.50/3390 = ,34

EVEN IF WE ELIH.INATE '['HE HYDROSTAT.IC PRESSURE OI`' THE NITROGEN, TttlS
NUMBER 1S SUBSTANT1AL1A' HI GItER THAN EXPECTED, PLEASE NOTE, ttOWIi'.VI:',R,
THAT AN tSIP VALUE TAKEN AT THE END OF A TREATMENT LIKE TRIS WILl, ALMOST
AIMAYS BE I:IIGHER THAN EXPECTED, PERFORMING THE INITIAl, BREAKI)(}WN TEST
MAY HAVE ALLOWED US TO DO REAL TIME PLOTTING O[-' THE DATA (FOR

NO1,]'E/SI'llTH LOG-LOG ANALYSIS),

AS STATED BEFORE, A SAND HOG (MOUNTAIN MOVER, ETC, ) WOULD Bl:; RE{',OY,MENI')I'_',D

l-'Oi-_SUBSEQUENT TREATMF,NTS SItOU1J_ THE SAND VOLUME DICTATE ANl.) TIlE WEA'I]'II",R
PERM[T IT ,



8. TREATMENT REPORT AND FI_ELI) INVOJCE



_o NOWSC0WELL SERVICE(U.S.)INC. TREATMENT REPORT

FRACTURING

_-<.>_ r<'<<-<_- Coa),,-d . I ,. °_j,,,,
.^MEOF_ t_ I

3 4 4

(_ME " " CUM. STAGE 1. CHEMICAL AMOUNTP.M. PRESSURE FLUID FLUID RAIrE LBS/GAL COMMENTS

d_ets/r,,r_" - f.c -" iS-/Z,_lP.:>s, g to e "?_ /1-17 _t_ ,t-Co a
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APPENDIX F

SUPPORTING MATERIALS AND PROCEDURES i
FOR STIMULATION NO. 5 IN ZONES 5 AND 8

F-I Log of Frac Operations for Frac Job on Zones 5 and 8

F-2 Log of Cleanout Operations for Frac Job on Zones 5 and 8

F-3 Report of Frac Operations by NOWSCO on Frac Job on Zones 5
and 8



APPENDIX F- 1

LOG OF FIELD OPERATIONS TO FRAC AND CLEAN OUT

RET #I WELL HISTORY

FRAC OF ZONES 5 & 8
AUGUST 31, 1988

I

August 29, 1988

8:00 a.m. Blow well down to atmosphere. Well made a little bit
of foam.

11:00 a.m. Rig up Pool Well Service. Nipple down flowing equipment
and nipple up wellhead. Pick up 2' perforated sub and
bull plug. Run in hole with 153 joints tubing. No fill
in the hole. Drag 15,000 down and 18,000 up at 4080';
13,000 down and 19,000 up at 4982'.

2:30 p.m. Pull out of hole with tubing.

- 5:30 p.m. Shut-in for night.

August 30, 1988

8:00 a.m. Wait on Tamm bridge plug to arrive.

5:30 p.m. Tamm bridge plug arrived on location. Make up bridge
plug with 2' perforated sub and bull plug on bottom.
Run in hole. Had to work tubing past 3950- 4010'. Set
middle of bridge plug element at 4952'. Rig up Nowsco.

8"30 p.m. Inflate bridge plug with N2 to 1600 psi. Rotate to the
right and set down 10,000 lbs on plug. Rotate left and
release "J" slot.

10:00 p.m. Pull 1 joint and shut-in for night.

August 31, 1988

7:30 a.m. Pull out of hole with tubing. Spent 3/4 hour repairing
rig (throttle valve). Gas is coming out of well which
means the port collars or bridge plug are leaking (more
likely the port collars). Tubing pulled tight at 3825'
coming out.

11:00 a.m. Make up Halliburton opening and closing sleeve positioner
as shown in Figure I-8/31. Run tubing in the hole. Hit
numerous place where it acted like it was pushing some-
thing.



I



Tagged bridge plug. Has not moved. Pull out of hole
opening port collars #8, 9, and 10. The closing tool
kept hanging up on the port collars and ECPs. Was stuck
several times. Had to pull to 35,000 Ibs to release it.
Close PC #11 and 12. Pipe became stuck with top positioning
sleeveat 4025'. Rig up Nowsco ar 'circulateconventionally
_t 2000 scfm. Recovered fluid rust, and pipe dope.
Continuedpulling out of hole. Ope PC #13 and 14. Closing
sleeve still hanging up.

5"00 p.m. Finished pulling out of hole. Closing sleeve was in good
condition. No reason it should have been hanging up.
Rig up Nowsco to frac Zones 5 and 8. Pressure casing
with nitrogen to 420 psi. Frac as shown in the attached
table.

8"04 p.m. SICP 1000 psi. Rig up to flow back after frac. Open
at 8"21 p.m. on 1/4" end choke.

DATE TIME PRESSURE REMARKS

8/31/88 8:21 p.m. 960 Opened to pit.
8:43 p.m. 750
8:47 p.m. 715 Shut-in & change to 1/2" choke.
8"57 p.m. 715 Open to pit.
9"00 p.m. 590
9:11 p.m. 510 Startedmaking fluid.
9"22 p.m. 500 Shut-in & change to 3/4" choke.
9"25 p.m. 520 Open to pit.
9:30 p.m. 455
9"40 p.m. 460 Recovered 35 bbls total.
10-15 p.m. 400 Recovered61 bbls total.
10"30 p.m. 353
10"35 p.m. 350 Recovered78 bbls total.
10"45 p.m. 340 Started making small amount

prop.
11"00 p.m. 305
11"30 p.m. 280 Recovered96 bbls total.

9/I/88 12"00 mid 285
12"30 a.m. 225
1"00 a.m. 180
1"30 a.m. 130 Making fluid intermittently

and small amount prop.
2:30 a.m. 75 Misting.
4:00 a.m. 28 Not making any more fluid.
4"30 a.m. 26 Change to 1/2" choke.
4"45 a.m. 30 Can smell gas.



6:00 a.m. 20
7:00 a.m. 15
7:40 a.m. 0 Recovered 104 bbls total.
7:50 a.m. 0 Shut-in.
8:00 a.m. 38 Building pressure.
11:50 a.m. 162 Open to pit on 3/4" choke.

Recovered approx. 1-1/2 bbls
H20. Total 105.5 bbls.

12:00 noon 110
12"28 p.m. 51 ShutLin.
12:35 p.m. 100
1:30 p.m. 145 Open to pit.
1:35 p.m. 75
2:00 p.m. 20 No fluid.
2:30 p.m. 0 Shut-in.
2:40 p.m. 43
3:00 p.m. 60
4:00 p.m. 100
4:30 p.m. 110 Rig up to flow thru meter.
5:15 p.m. 110 Rate 230 mcfpd.
8:00 p.m. 65 Rate 173 mcfpd. Shut-in to

build pressure.
9:30 p.m. 122 Open to pit to unload fluid.

Pressure dropped to 35 psi,
then started to unload fluid.
Recovered approx. 1.5 bbls;
total 107 bbls.

10:15 p.m. 10 Shut-in.
10:30 p.m. 62
11:00 p.m. 78

9/2/88 12:00 mid 102 Open to pit on 3/4" choke.
No fluid.

12"30 a.m. 20 Shut-in.
1:O0 a.m. 80
2:00 a.m. 112
3:00 a.m. 129
4:00 a.m. 139 Opened to pit on 3/4" choke.

Made only fine mist of fluid.
4:45 a.m. 10 Shut-in.
5:00 a.m. 55
6:00 a.m. 83
7:00 a.m. 108
8:00 a.m. 124
9:00 a.m. 134
9:30 a.m. 139
9:38 a.m. 140 Open to pit on 3/4" choke.

Made only fine mist of fluid.
9:55 a.m. 42 Rig up to flow thru meter.



TIME CP BACK PRESSURE DIFFERENTIAL GAS RATE (SG=0.72)

10"05 a.m. 66 35 100 135 mcfpd
10"15 a.m. 67 38 104 142 mcfpd
10"45 a.m. 64 64 96 177 mcfpd
12"00 n 62 62 60 138 mcfpd
1"00 p.m. 60 60 . 48 121 mcfpd
2"00 p.m. 45 45 92 145 mcfpd
3"00 p.m. 40 40 68 118 mcfpd

Left well flowing thru meter. Total fluid recovered: 107 bbls. Load
remaining" 269 bbls.
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HISTORY OF RET #1 WELL CLEAN-OUT OPERATIONS
AFTER FRAC JOB ON ZONES #5 & #8 (10/13-21/88)

10/13/88

2:30 p.m. Arrive on location. Pool Services already rigged up.
Well flowing 63 mcfpd to pipeline. Shut in weil. Blow
down. Nipple down wellhead and nipple up stripper head.

3:30 p.m. Start in the hole with "j" tool and a 2' perforated sub.

5:20 p.m. Tagged sand at 3764'. Rigged up the foam air unit. Circu-
late conventionally at 500 scfm and 4 gpm soap. Washed
down to 3780'.

7:00 p.m. Shut down for night. Left well open to atmosphere.

10/14/88

7:30 a.m. Rigged up and established circulation (conventional).
Tag sand again at 3829'. Wash to 3844'.

9:15 a.m. Attempt to break circulation at 3879'. Tubing plugged.
Pressured tubing to 800 psi and blew back twice. Would not
unplug. Tried to pull out of hole. Tubing stuck. Rig up
and pump down annulus. Pull out of hole to 2869'. Pump
down tubing with air only. Pressure went to 600 psi, then
tubing unplugged. Ran tubing to 3683'. Pump conventionally
with air and foam. No circulation.

2"00 p.m. Ran tubing to 3748'. Wash from 3748' to 3846'. Tagged
sand at 3846'. No circulation.

5:00 p.m. Wash to 3878'. Tag sand again at 3894'. Wash on solid
sand for two hours. Made 8' to 3902'. Had to spud tubing
to make progress. When the end of tubing tags sand, the
air and foam diverts through perforated sub and holes in
"J" tool. Partial returns,

7:00 p.m. Shut down for night with end of tubing at 3846'. Left
open to atmosphere.

10/15/88

7:30 a.m. Rigged down circulating equipment. Lay down perforated
sub and "J" tool.

10:30 a.m. Run in hole with open-ended tubing. Tag sand at 3852'.
(Taking a little weight.)

12:30 p.m. Rig up circulating equipment. Establish circulation conven-
tionally at 500 scfm and 4 gpm soap. Wash to 3907'. Had
no problem washing past 3902'.



2"00 p.m. Wash to 3940'. Had some sand. No returns. Wash solid
sand from 3947' to 3972'. No returns.

4:00 p.m. Wash to 4008'; some sand. Solid sand to 4015'. Very little
sand to 4054'. Solid sand to 4059'. Very little sand
to 4070'. Partial returns.

5:30 p.m. Circulate i hour with partial returns. Got very little
sand out of weil. Pull tubing to 3600'. Shut down for
night with well open to atmosphere.

10/16/88

7:30 a.m. Well had blown a lot of sand up through the tubing over
night. Run in hole with tubing. Started taking weight at
3789'. rigged up to reverse circulate with 500 scfm air.
No soap. Continued to pump air while making connections.
Partial returns. Wash to 4005'.

9:00 a.m. Tagged sand at 4005'. Washed to 4070'. Well stopped circu-
lating. Switch air to tubing. Pressure increased to 300
psi then dropped to 125 psi when the well unloaded foam
and some sand.

10:30 a.m. Switched back to reverse circulation with 500 scfm air.
Washed to 4298'. Getting foam and lots of sand up tubing.

11:30 a.m. Stop. Circulate 1/2 hour. Getting very little foam but
lots of sand up tubing. Washed to 4526'.

12:00 Stop and circulate I/2 hour. Little foam and sand. Wash
to 4721'. Flow from tubing sl owed.

I:00 p.m. Stop and circulate. Getting some foam and almost no sand
in returns.

1:30 p.m. Wash to 4949' (top of bridge plug). Circulate.

2:30 p.m. Pulled tubing to 4689'. Tubing getting stuck at times.

3:00 p.m. Rig up and reverse circulate.

4:30 p.m. Started making very heavy sand with foam and shale.

5:30 p.m. Returns cleaned up. Pull tubing to 2000'. Still getting
stuck periodical ly.

7:00 p.m. Shut down for night. Left well open to atmosphere.



1
!

10/17/88

7:30 a.m. Well flowing white foam with no sand. Finished pulling
tubing out of the hole.

8:30 a.m. Pick up "J" tool and run in hole.

I0:00 a.m. Rig up circulating equipment and start circulating at 3746'.
Reversing with 500 scfm and no foam. Tag sand at 3886'.

II:00 a.m. Had to spud through 20' of sand in 15 minutes. Air diverting
through slots in side of "J" tool. Circulate 15 minutes.
Run tubing from 3909' to 3924'. Spud through sand to 3941'.
Circulate 15 minutes.

12"00 Spud through sand to 3961', then couldn't make any moreprogress in one hour. Very little sand in the retur

1:30 p.m. Pull out of hole.

4:00 p.m. Shut down for night. Left well open to atmosphere. Time
for a new game plan.

10/18/88 Had the "J" tool modified at a machine shop to cover slots
in sides. Waiting on air package capable of 1050 scfm.

10/19/88

9:00 a.m. Pick up modified "J" tool and 4' pup joint. Run in hole.
Tag sand at 3929'. Rig up to reverse circulate.

11:30 a.m. Wait on air compressor one hour.

12:30 p.m. Rig up air compressor. Start pumping at 200 psi. Washed
to 3978'. Had foam to surface (no sand). Circulate 5
minutes. Wash to 4108'. Steady returns of foam but very
little sand.

2:00 p.m. Made very heavy sand for a few minutes, then mostly air
with very little sand.

2:30 p.m. Washed to 4564'. Returns are air with a little sand.
Very Iittle fl uid.

3:00 p.m. Washed to 4629'. Tubing unloaded lots of foam with very
heavy sand. Circulate.

3:30 p.mo Returns dried up. Washed to 4950'. No fluid or sand.

4:00 p.m. Circulate 1/2 hour.

4:30 p.m. Throttle air compressors back to an idle. "J" onto retriev-
able bridge plug. Release bridge plug. Flow up tubing
stopped.



5:00 p.m. Start out of hole with tubing. Left air pumping down annulus
with no returns up tubing. Shut off air with bridge plug
at 3800'.

7:00 p.m. Shut down for night with bridge plug at 1275'. Annulus
shut in. No problems pulling tubing.

10/20/88

7:30 a.m. Pull out of hole. Rig down stripper head. Took a long
time for the well to blow down. Strong gas blow. Lay
down retrievable bridge plug. Last 30' of tubing filled
with sand. Pick up a 4' pup joint, Halliburton opening
tool, and another 4' pup joint.

9:30 a.m. Run in hole. Install stripper head at 3756'.

I:00 p.m. Tagged sand at 5254'. Had no problem getting to this point.
Start reverse circulating with 1050 scfm air and no foam.
Washed sand to 5329'. Run pipe to 5352'.

1:45 p.m. Started making mist. Stop and circulate I0 minutes. Ran
tubing to 5547' with strong returns up tubing. Getting
some foam and sand.

2:15 p.m. Circulate; eat lunch.
I

2:45 p.m. Ran tubing to 5720'. Tagged small sand bridge. Ran tubing
to 5807'; 61' past last port collar.

3:15 p.m. Circulate for one hour, 45 minutes. Unloaded water and
some sand.

5:00 p.m. Returns dried up and flowing only traces of sand. Idle
compressors back to half throttle. Pull out of hole opening
port collars. Tubing completely dry with only a trace
of sand. Opened PC #2, 3, and 4. Could not locate PC #5
(probably already open).

5:45 p.m. Got hung up in PC #7. Could go down but could not come
up. Work tubing from 15,000 to 20,000 Ibs over string
weight. Would not pull through. Work pipe 1/2 hour.
Located opening tool in PC and pulled I000 Ibs over string
weight. Rotated tubing with tongs. Tool popped free.

6:15 p.m. Continued pulling out of hole. Well circulating some dry
sand once in a while. Pulled 6 to I0,000 Ibs over string
weight in PC #8, 9, and 10 (supposed to be open). Opened
PC #12. Hung up in PC #13. Pulled 20,000 Ibs over. Would
not pull through. Rotated out of port collar as before.
Pull tubing to 3723'. Still making dry air and trace of
sand.



i

7"15 p.m. Shut down for night. Left tubing open to atmosphere and
annul us shut-in.

10/21/88

8:00 a.m. Finished pulling out of hole. Laid down opening tool.
Nipple down stripped head. Nipple up wellhead. Pick up
bull plug with 1/4" tap, 2' perforated sub, and a 2' slotted
sub.

11:30 a.m. Runi n hole with 115 joints of tubing. Land tubing at
3748'.

1:30 p.m. Land tubing in wellhead. Hook wellhead up to flow line.
Got well shut in at approximately 2:30 p.m.

3:45 p.m. Tubing pressure 40 psi. Start flowing well to flow line.

4:00 p.m. Flow rate 54.1 mcfpd.

4:15 p.m. Flow rate 68.8 mcfpd.

4:30 p.m. Flow rate 86.5 mcfpd and still increasing. Left location
with well flowing to pipeline.



MEMORANDUM

TO: Bill Overbey DATE: 10/24/88
FROM: Richard S. Carden

RE: RET #i post frac, clean out operations, Oct. 13-21, 1988

The post frac, clean out operations took longer than
anticipated. Initially, three days had been scheduled for the
operations; however, the actual time required was nine days.
The additional time spent was due to problems with hole
cleaning.

Originally, Pool's foam air unit was used to try and clean out
the well. The unit is capable of pumping 500 scfm of air at 800

psi along with soap for better hole cleaning capacity.
Theoretically, 500 scfm should be enough to clean the well.
According to Angel (_olum_ Requirements for Air and Gas
Drilling), a circulation rate of 250 scfm should be sufficient
to clean the well. In horizontal wells, additional volume is
required, and the rated capacity of 500 scfm should have been
enough for conventional circulation. A rate of less than i00
scfm would be required for reverse circulation.

Unfortunately, the foam air unit was not capable of cleaning the
well; either with conventional or reverse circulation. The
bottomhole pressure in the RET #i well is not sufficient to
support the hydrostatic pressure induced by a column of foam.
Therefore, the well could not be consistently circulated with
foam. Even while reverse circulating with air only, the air
velocity was not sufficient to clean the well. Too much of the
500 scfm was being lost to the formation.

An air compressor capable of 1050 scfm at 800 psi was used to
clean the well. Some of the air volume was lost to the

formation; however, enough was circulated back to the surface to
carry the sand and foam remaining in the well. For future
operations, the higher capacity compressor is recommended.



APPENDIX F-2

LOG OF FIELD OPERATIONSTO FRAC AND CLEAN OUT

i

MEMORANDUM

TO: Bill Overbey DATE: 10/24/88
FROM: Richard S. Carden

RE: RET #i post frac, clean out operations, Oct. 13-21, 1988

The post frac, clean out operations took longer than
anticipated. Initially, three days had been scheduled for the
operations; however, the actual time required was nine days.
The additlonal tlme spent was due to problems with hole
cleaning.

Orlglnally, Pool's foam air unit was used to try and clean out
the well. The unit is capable of pumping 500 scfm of air at 800
psi along with soap for better hole cleaning capacity.
Theoretically, 500 scfm should be enough to clean the well.
According to Angel (Yolume Reauirements for Air and Gas
_), a circulatlon rate of 250 scfm should be sufficient
to clean the well. In horizontal wells, additional volume is
required, and the rated capacity of 500 scfm should have been
enough for conventlonal circulation. A rate of less than I00
scfm would be required for reverse circulation.

Unfortunately, the foam air unit was not capable of cleaning the
well; either with conventional or reverse circulation. The
bottomhole pressure in the RET #1 well is not sufficient to
support the hydrostatic pressure induced by a column of foam.
Therefore, the well could not be consistently circulated with
foam. Even while reverse circulating with air only, the air
velocity was not sufficient to clean the well. Too much of the
500 scfm was being lost to the formation.

An air compressor capable of 1050 scfm at 800 psl was used to
clean the well. Some of the air volume was lost to the

formation; however, enough was circulated back to the surface to
carry the sand and foam remaining in the weil. For future
operations, the higher capacity compressor is recommended.



HISTORYOF RET #1 WELL CLEAN-OUT OPERATIONS
AFTER FRAC JOB ON ZONES #5 & #8 (10/13-21/88)

10/13/88

2:30 p.m. Arrive on location. Pool Services already rigged up.
Well flowing 63 mcfpd to pipeline. Shut in weil. Blow
down. Nipple down wellhead and nipple up stripper head.

3:30 p.m. Start in the hole with "J" tool and a 2' perforatedsub.

5"20 p.m. Tagged sand at 3764'. Rigged up the foam air unit. Circu-
late conventionally at 500 scfm and 4 gpm soap. Washed
down to 3780'.

7:00 p.m. Shut down for night. Left well open to atmosphere.

10/14/88

7:30 a.m. Rigged up and" established circulation (conventional).
Tag sand again at 3829'. Wash to 3844'.

9"15 a.m. Attempt to break circulation at 3879' Tubing plugged.
Pressured tubing to 800 psi and blew back twice. Would not
unplug. Tried to pull out of hole. Tubing stuck. Rig up
and pump down annulus. Pull out of hole to 2869' Pump
down tubing with air only. Pressure went to 600 psi, then
tubing unplugged. Ran tubing to 3683'. Pump conventionally
with air and foam. No circulation.

2"00 p.m. Ran tubing to 3748' Wash from 3748' to 3846'. Tagged
sand at 3846'. No circulation.

5:00 p.m. Wash to 3878'. Tag sand again at 3894'. Wash on solid
sand for two hours. Made 8' to 3902' Had to spud tubing
to make progress. When the end of tubing tags sand, the
air and foam diverts through perforated sub and holes in
"J" tool. Partial returns.

7:00 p.m. Shut down for night with end of tubing at 3846'. Left
open to atmosphere.

10/15/88

7:30 a.m. Rigged down circulating equipment. Lay down perforated
sub and "J" tool.

10:30 a.m. Run in hole with open-ended tubing. Tag sand at 3852'.
(Takinga littleweight.)

12:30 p.m. Rig up circulatingequipment. Establishcirculationconven-
tionally at 500 scfm and 4 gpm soap. Wash to 3907'. Had
no problemwashing past 3902'.



2"00 p.m. Wash to 3940'. Had some sand. No returns. Wash solid
sand from 3947' to 3972'. No returns.

4:00 p.m. Wash to 4008'; some sand. Solid sand to 4015'. Very little
sand to 4054'. Solid sand to 4059'. Very little sand
to 4070'. Partial returns

5:30 p.m. Circulate 1 hour with partial returns. Got very little
sand out of weil. Pull tubing to 3600'. Shut down for
night with well open to atmosphere.

10/16/88

7:30 a.m. Well had blown a lot of sand up through the tubing over
night. Run in hole with tubing. Started taking weight at
3789'. rigged up to reverse circulate with 500 scfm air.
No soap. Continued to pump air while making connections.
Partial returns. Wash to 4005'.

9:00 a.m. Tagged sand at 4005'. Washed to 4070'. Well stopped circu-
lating. Switch air to tubing. Pressure increased to 300
psi then dropped to 125 psi when the well unloaded foam
and some sand.

10"30 a.m. Switched back to reverse circulation with 500 scfm air.
Washed to 4298'. Gettingfoam and lots of sand up tubing.

11:30 a.m. Stop. Circulate 1/2 hour. Getting very little foam but
lots of sand up tubing. Washed to 4526'.

12:00 Stop and circulate 1/2 hour. Little foam and sand. Wash
to 4721'. Flow from tubing slowed.

1:00 p.m. Stop and circulate. Getting some foam and almost no sand
in returns.

1:30 p.m. Wash to 4949' (top of bridge plug). Circulate.

2:30 p.m. Pulled tubing to 4689'. Tubing getting stuck at times.

3:00 p.m. Rig up and reverse circulate.

4:30 p.m. Startedmaking very heavy sand with foam and shale.

5:30 p.m. Returns cleaned up. Pull tubing to 2000'. Still getting
stuck periodically.

7:00 p.m. Shut down for night. Left well open to atmosphere.



10/17/88

7:30 a.m. Well flowing white foam with no sand. Finished pulling
tubing out of the hole.

8:30 a.m. Pick up "J" tool and run in hole.

10"00 a.m. Rig up circulatingequipment and start circulatingat 3746'.
Reversingwith 500 scfm and no foam. Tag sand at 3886'.

11:00 a.m. Had to spud through 20' of sand in 15 minutes. Air diverting
through slots in side of "J" tool. Circulate 15 minutes.
Run tubing from 3909' to 3924'. Spud through sand to 3941'.
Circulate 15 minutes.

12:00 Spud through sand to 3961', then couldn't make any more
progress in one hour. Very little sand in the returns.

1:30 p.m. Pull out of hole.

4"00 p.m. Shut down for night. Left well open to atmosphere. Time
for a new game plan.

10/18/88 Had the "J" tool modified at a machine shop to cover slots
in sides. Waitingon air package capableof 1050 scfm.

10/19/88

9"00 a.m. Pick up modified "J" tool and 4' pup joint. Run in hole.
Tag sand at 3929'. Rig up to reverse circulate.

11:30 a.m. Wait on air compressorone hour.

12"30 p.m. Rig up air compressor. Start pumping at 200 psi. Washed
to 3978'. Had foam to surface (no sand). Circulate 5
minutes. Wash to 4108'. Steady returns of foam but very
little sand.

2:00 p.m. Made very heavy sand for a few minutes, then mostly air
with very little sand.

2:30 p.m. Washed to 4564'. Returns are air with a little sand.
Very littlefluid.

3:00 p.m. Washed to 4629'. Tubing unloaded lots of foam with very
heavy sand. Circulate.

3:30 p.m. Returns dried up. Washed to 4950'. No fluid or sand.

4:00 p.m. Circulate 1/2 hour.

4:30 p.m. Throttle air compressorsback to an idle. "J" onto retriev-
able bridge plug. Release bridge plug. Flow up tubing
stopped.



5:00 p.m. Start out of hole with tubing. Left air pumping down annulus
with no returns up tubing. Shut off air with bridge plug
at 3800'.

7:00 p.m. Shut down for night with bridge plug at 1275'. Annulus
shut in. No problemspulling tubing.

i0/20188

7:30 a.m. Pull out of hole. Rig down stripper head. Took a long
time for the well to blow down. Strong gas blow. Lay
down retrievable bridge plug. Last 30' of tubing filled
with sand. Pick up a 4' pup joint, Halliburton opening
tool, and another 4' pup joint.

9:30 a.m. Run in hole. Install stripper head at 3756'.

1"00 p.m. Tagged sand at 5254' Had no problem getting to this point.
Start reverse circul'atingwith 10_, scfm air and no foam.
Washed sand to 5329'. Run pipe to ._352'.

1:45 p.m. Started making mist. Stop and circulate 10 minutes. Ran
tubing to 5547' with strong returns up tubing. Getting
some foam and sand.

2:15 p.m. Circulate;eat lunch.

2:45 p.m. Ran tubing to 5720'. Tagged small sand bridge. Ran tubing
to 5807'; 61' past last port collar.

3:15 p.m. Circulate for one hour, 45 minutes. Unloaded water and
some sand.

5:00 p.m. Returns dried up and flowing onJy traces of sand. Idle
compre_,sorsback to half throttle. Pull out of hole opening
port collars. Tubing completely dry with only a trace
of sand. Opened PC #2, 3, and 4. Could not locate PC #5
(probablyalready open).

5:45 p.m. Got hung up in PC #7. Could go down but could not come
up. Work tubing from 15,000 to 20,000 Ibs over string
weight. Would not pull through. Work pipe 1/2 hour.
Located opening tool in PC and pulled 1000 Ibs over string
weight. Rotated tubing with tongs. Tool popped free.

6:15 p.m. Continued pulling out of hole. Well circulating some dry
sand once in a while. Pulled 6 to 10,000 Ibs over string
weight in PC #8, 9, and 10 (supposedto be open). Opened
PC #12. Hung up in PC #13. Pulled 20,000 Ibs over. Would
not pull through. Rotated out of port collar as before.
Pull tubing to 3723'. Still making dry air and trace of
sand.



7:15 p.m. Shut down for night. Left tubing open to atmosphere and
annulus shut-in.

I0/21188

8:00 a.m. Finished pulling out of hole. Laid down opening tool.
Nipple down stripped head. Nipple up wellhead. Pick up
bull plug with 1/4" tap, 2' perforated sub, and a 2' slotted
sub.

11:30 a.m. Runi n hole with 115 joints of tubing. Land tubing at
3748'.

1:30 p.m. Land tubing in wellhead. Hook wellhead up to flow line.
Got well shut in at approximately 2:30 p.m.

3:4_ p.m. Tubing pressure 40 psi. Start flowing well to flow line.

4:00 p.m. Flow rate 54.1 mcfpd.

4:15 p.m. Flow rate 68.8 mcfpd.

4:30 p.m. Flow rate 86.5 mcfpd and still increasing. Left location
with well flowingto pipeline.



APPENDIX F-3
REPORT ON FRAC JOB BY NOWSCO IN ZONES 5 & 8

A

V 950 GREENTREE ROAD • PITTSBURGH, PA 15220

PHONE (412) 937-1411 • FAX (412) 937-1405

Weil Service

September 21, 1988

Mr. Bill Overbey

BDM Corporation
1199 Van Voorhis Road, Suite 4

Morgantown, West Virginia 26505

Dear Bill,

Attached is the post job report for fracturing the last zones on your

R.E.T. #i well. As before, I hope you find it useful in analyzing your

wells post stimulation performance.

I apologize for not being able to make the job.

Should you need clarification of any part of this report, please call me
at any time at (412) 937-1411. We will be glad to help out in any way

possible.

Thanks again for using NOWSCO as your service company.

Sincerely, j-.

--"'"-,//) / "/..I[7 ///.--

TomUdick
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i. GENERAL OBJECTIVE

The objective of the treatment was to stimulate the shale formation

using the following fluids and gases and their respective volumes:

40 Ton COp Prepad
22,400 Gal 85-Quality Non-Stabilized Foam Pad

82,880 Gal 85 Quality Sand Laden Fluid (Also Non-Stabilized)

The base fluid for this treatment did not include gelling agents;

however, Methanol was added at 25% per volume.

The total amount of sand placed was 150,000 Ibs. of 20140 Ottawa,



I

2. MATERIAL REQUIREMENTS

Equipment Material

1 Blender 150,000 ibs 20]40 Ottawa

i VT-900 (CO 2) 94 bbl Methanol

i VT-1200 (H20) 8 gal CSA-5 Clay Control

3 H.V. N2 Pumpers 3,500 ibs KCI Salt

I CO 2 Transfer Pump 79 ibs IS-600 Fe Control

3 Sand Units 79 gal SF-2 Foamer

i Chemical Truck 40 Ton CO2

2 Mini N2 Transports 746,000 SCF Nitrogen

1Densiometer i gal NOWCIDE 308

2 CO2 Transports

NB: An N2 flowmeter was requested but could not be delivered to
the wellsite due to a scheduling error.



3, QUALITY CONTROL

(A) Sand Concentration:

The sand concentration was continuously monitored using a

densiometer. A graph of the sand concentration vs. time is

supplied in Section 5. i

There was considerable difficulty in maintaining a constant
sand concentration due to wet sand in one of the units (No.

5555). There are also several points of lower density due to

changing out sand units.

(B) Nitrogen Rate:

The nitrogen rate could mot be monitored due to the absence of

the nitrogen flowmeter. NOWSCO apologizes for failing to have
this unit on location. Ali efforts will be made to ensure

this problem does not occur in the future. From experience,

we estimate the nitrogen flow rate to have been between 12,000
and 12,300 SCF/min. Total nitrogen pumped indicates this to

be very probable.

(C) Foam Quality was maintained around 85%. A constant

gas/liquid ratio was maintained and the fluid side rate

was increased to compensate for sand addition.

(D) Fluids: KCI, NOWCIDE 308 and Methanol were the only

additives premixed on this treatment. The clay control

agent, foamer and iron control agent were added on the

fly.

The concentrations for the various additives were:

Methanol 25% of fluid volume

CSA-5 Clay Control .5 gal/lO00 gal

IS-600 Fe Control 5 ibs/1000 gal
SF-2 Foamer 5 gal/lO00 gal

NOWCIDE 308 .5 gal/tank

KCI 167 ibs/1000 gal



4. JOB SUMMARY

The fluid volumes, additives and proppant volumes were added

as per design (with exception to varying density). Ali stages
were started and terminated as designed,

The CO prepad was pumped at 12 BPM, the pad fluid at 25 BPM

(total2foam rate) and the proppant stages pumped at 50 BPM

(gas and liquid rate) with increases for sand addition.

The job started at 3:04 p.m. and terminated at 7:14 p.m.
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BDM CORPORATION

RET # [

CHEMICAL CONSUMPTION

(ADDED ON FLY)

CLEAN CSA-5 CLAY 1S-600 SF-2
VOLUME CONTROL Fe CONTROL FOAMER

(BBLS) (GALS) (LBS) (GALS)

0 0 0 0
24 0 5 5 5

48 I 0 I0 I0

71_ 1 5 15 15
95 2 0 20 20

119 2 5 25 25
143 3 0 30 30

167 3 5 35 35
190 4 0 40 40

214 4 5 45 45

238 5 0 50 50

262 5 5 55 55

286 6 0 60 60
310 6 5 65 65
333 7 0 70 70
357 7 5 75 75
376 8 0 80 80



5, GRAPHS AND PLOTS



BDM CORPORAT ION

PUMP SAND
RATE PRESSURE CONGEN FLUID

TIME (BPM) (PS I ) ( I,B ] GAL) TYPE EVENT

03:04 2000 SGF 0 0 N2 PUMP N2 TO CLEAN TUBI.N(;
03:05 2000 SCF' 300 0 N2

03:06 2000 SCF 400 0 N2

03:07 2000 SCF' 450 0 N2 I
03:08 2000 SCF' 500 0 N2

03:09 2000 SCF 500 0 N2

03:10 2000 SCF' 500 0 N2

03:11 2000 SCF' 550 0 N2

03:12 2000 SCF' 500 0 N2

03:13 2000 SCF 500 0 N2

03:14 2000 SCF' 500 0 N2

03:15 2000 SCF 450 0 N2 STOP N2

03:16 - 300 0

03 :17 - 250 0

03:18 -. 200 0
03:19 - 200 0
03'.20 - 150 0

03:21 - 150 0

03:22 - i00 0

03 :23 - 100 0

03 :24 - 0 0

SHUTDOWN WAIT ON RIG 0



BDM CORPORATION

PUMP SAND

RATE PRESSURE CONCEN FLUID

'rIME (BPM) (PSI) (LB/GAI,) TYPE EVENT

05:30:00 0 0 - - -

05;30:30 0 0 - H20 PRIME LINES
05:31:00 0 0 - - -

05:31:30 1.0 I00 - }120 START PRESSURE-TEST LINES

05:32:00 - 600 - H20

05:32:30 - 3600 - H20

05:33:00 - 3500 - H20

05:33:30 - 3600 - H20

05:34:00 - 3450 - H20

05:34:30 - 3300 - H20 BLEED LINES

05:35:00 - 0 - -

05:35:30 - 0 - -

05:36:00 - 0 - -

05:36:30 6000 MIN i00 - N2 PRESSURE UP ON WELL

05:37:00 6000 250 - N2 BEFORE STARTING (;02

05:37:30 6000 300 - N2

05:38:00 6000 300 - N2

05:38:30 6000 300 - N2

05:39:00 6000 400 - N2

05:39:30 6000 450 - N2

05:40:00 6000 450 - N2 STOP N2 - 24,000 PUMPED

05:40:30 - 450 - - -

05:41:00 2 411 0 CO2 START CO2 PAD

05:41:30 5 311 0 CO2

05:42:00 7 250 0 CO2

05:42:30 9 250 0 CO2

05:43:00 12 0 0 CO2

05:43:30 12 0 0 CO2

05:44:00 12 0 0 CO2

05:44:30 12 0 0 CO2

05:45:00 12 0 0 CO2

05:45:30 12 0 0 CO2

05:46:00 12 0 0 CO2

05:46:30 12 0 0 CO2

05:47:00 12 0 0 CO2

05:47:30 12 0 0 CO2

05:48:00 12 0 0 CO2

05:48:30 12 0 0 CO2

05:49:00 ].2 0 0 CO2

05:49:30 12 0 0 CO2

05:50:00 12 () 0 CO2

05:50:30 12 0 0 CO2

05:51:00 12 0 0 CO2

05:51:30 12 0 0 CO2



BDM CORPORATI ON

PUMP SAND
RATE PRESSURE CONCEN FLUID

TIME (BPM) (PSi) (LB/GAL) TYPE EVENT

05:52:00 12 0 0 CO2
05:52:30 12 0 0 C02
05:53:00 12 0 0 GO2
05:53:30 12 0 0 CO2
05:54:00 12 0 0 CO2
05:54:30 12 0 0 CO2
05:55:00 12 50 0 CO2
05:55:30 12 I00 0 CO2
05:56:00 12 100 0 GO2

05:56:30 12 1100 0 C02
05:57:00 12 100 0 C02
05:57:30 12 100 0 GO2
05:58:00 12 100 0 GO2
05:58:30 12 150 0 C02
05:59:00 12 150 0 C02
05:59:30 12 150 0 GO2
06:00:00 i2 1.50 0 GO2
06:00:30 12 150 0 C02
0(i:01:00 12 200 0 CO2
06:01:30 12 200 0 CO2
06:02:00 12 200 0 CO2

06:02:30 12 200 0 G02
06:03:00 12 200 0 CO2
06:03:30 12 200 0 CO2
06:04:00 0 200 0 - CO2 PAD IN
06:04:30 0 200 0 -

06:05:00 0 200 0 -

06:05:30 0 200 0 -

06:06:00 0 200 0 -

06:06:30 0 250 0 -

06:07:00 2 0 300 0 85Q FOAM STAR]' PAD @ 20 BPM

06:07:30 3 5 400 0 85Q FOAM DOWNHOLE RATE

06:08:00 3 5 500 0 85Q FOAM

06:08:30 3 5 600 0 85Q FOAM

06:09:00 3 0 650 0 85Q FOAM

06:09:30 3 0 700 0 85Q FOAM

06:10:00 3 0 750 0 85Q FOAM

06:10:30 3 0 800 0 85Q FOAM

06:11.:00 3 0 900 0 85Q FOAM

06:11:30 2 5 900 0 85Q FOAM
06:12:00 3 0 900 0 85Q FOAM
06:12:30 3 5 900 0 85Q FOAM

06:13:00 3 5 1000 0 85Q FOAM

06:13:30 4 0 i000 0 85Q FOAM



BDM CORPORATION

PL_IP SAND

RATE PRESSURE CONCEN FLUID

TIME (BPM) (PSI) (LB]GAL) TYPE EVENT

06:14:00 4 0 1050 0 85Q F'OAM

06:14:30 3 0 1000 0 85Q FOAM

06:15:00 3 0 I000 0 85Q FOAM

06:15:30 3 5 i000 0 85Q FOAM

06:16:00 3 0 I000 0 85Q FOAM

06:1.6:30 3 0 i000 0 85Q FOAM

06:17:00 3 0 1.050 0 85Q FOAM

06:17:30 3 0 1100 0 85Q FOAM

06:[8:00 3 0 Ii00 0 85Q FOAM

06:18:30 3 0 II00 0 85Q FOAM

00 :lq :00 3 0 1I00 0 85Q FOAM

06:19:30 3 0 1100 0 85Q FOAM

06:20:00 3 0 1100 0 85Q FOAM

06:20:30 3 0 ii00 0 85Q FOAM

06:21:00 3 0 ]050 0 85Q FOAM

06:21 ;30 3 0 1050 0 85Q FOAM

0b:22:00 3 0 105[) 0 85Q FOAM

06:22:30 3 0 1050 0 85Q FOAM

06:23:00 3 0 1050 0 85Q FOAM

06:23:30 3 0 1050 0 85Q FOAM

06:24:00 3 0 1050 0 85Q FOAM

06:24:30 3 0 1050 0 85Q FOAM

06:25:00 3 0 1.050 0 85Q FOAM
06'.25:30 3 0 1050 0 85Q FOAM

06:26:00 3 0 1050 0 85Q FOAM

06:26:30 3 0 1050 0 85Q FOAM
06:27:00 3 0 Ii00 0 85Q FOAM

06:27:30 3 0 i100 0 85Q FOAM

06:28:00 3 0 ii00 0 85Q FOAM
06:28:30 3 0 1100 0 85Q FOAM

00:29:00 3 0 ll00 0 85Q FOAM

06:29:30 3 0 Ii00 0 85Q FOAM

06:30:00 3 0 ll00 0 85Q FOAM

06:30:30 3 0 1100 0 85Q FOAM
06:31:00 7 0 11511 0 85Q FOAM s'rAR'r :3.3 LBJGAL & 50 BPM
06:3i:30 6 0 1200 [ 5 85Q FOAM DOWNIIOLE RATE
06:32:00 7 0 1250 3 0 85Q FOAM
06:32 '.30 7 5 1300 2 0 85Q FOAM
06:33:00 8 0 1300 3 0 85Q FOAM

06:33:30 7 5 1300 3 5 85Q FOAM
06:34:00 7 5 1300 3 0 85Q FOAM
06:34:30 7 5 1300 3 0 85Q FOAM STAR]' O.7 I,B/GAL
06:35:00 8 0 1250 b 0 85Q FOAM
06:35:30 7 5 1150 6 5 85Q FOAM

i

i



BDM CORPORATION

PUMP SAND

RATE PRESSURE CONGEN FLUID

TIME (BPM) (PSI) (LB/GAL) TYPE', EVENT

06:36:00 7 5 1300 6 0 85Q FOAM

06: 36:30 7 5 t300 6 0 85Q FOAM
06:37:00 8 0 1300 6 5 85Q FOAM

06:37:30 7 5 1300 7 0 85Q FOAM

06',38:00 7 5 1350 7 0 85Q Ft)AM

tJo:38:30 7 0 1350 7 0 85Q FOAM

06:39:00 7 0 1400 6 5 85Q FOAM

06:39:30 7 5 1400 6 0 85Q FOAM

06:40:00 7 5 1450 6 0 85Q FOAM

06:40:30 7 5 1450 6 0 85Q FOAM

06:41:00 7 5 1450 6 5 85Q FOAM STAR]' 10 LB/GAL

06:41:30 7 5 1450 I0 0 85Q FOAM

06:42:00 7 5 1400 I0 0 85Q FOAM

06:42:30 7 5 1400 I0 0 85Q FOAM

06:43:00 7 5 1350 i0 0 85Q FOAM

06:43:30 7 0 ].350 i0 0 85Q FOAM

00:44:00 7 5 1350 I0 5 85Q FOAM

06:44:30 7 5 1350 I0 0 85Q FOAM

06:45:00 7 0 1400 9 0 85Q FOAM

06:45:30 7 0 1450 I0 0 85Q FOAM

06:46:00 7 0 1450 9 0 85Q FOAM

06:46:30 7 0 1500 9 0 85Q FOAM

06:47:00 7 0 1500 9 0 85Q FOAM

06:47:30 7 5 1500 I0 U 85Q FOAM START 1.3,3 LB/GAL

06:48:00 7,5 1500 I0 0 85Q FOAM

06:48:30 7,0 1500 12 0 85Q FOAM

06:49:00 7.5 1500 13 0 85Q FOAM

06:49:30 7.0 1500 113 0 85Q FOAM

06:50:00 7.0 1500 13,0 85Q FOAM

06: 50:30 8 0 1500 12,5 85Q FOAM

06:51.:00 7 5 [500 8,0 85Q FOAM

06:51:30 7 5 1500 8 0 85Q FOAM

06:52:00 7 5 1500 13 0 85Q FOAM

06:52:30 7 5 1500 13 0 85Q FOAM

06:53:00 7 5 1500 14 0 85Q FOAM

06:53:30 7 5 ].500 13 5 85Q FOAM

06:54:00 9 0 1500 12 0 85Q FOAM

06:54:30 6 5 1500 ]5 0 85Q FOAM START 16,2 LB/GAI.,

06:55:00 8 0 1500 17 0 85Q FOAM

06:55:30 6 5 1550 13 5 85Q FOAM

06:5(7:00 7 0 1550 16 5 85Q FOAM

06:56:30 7 0 1550 16 (I 85Q FOAM

06:57:00 7 0 1550 17 0 85Q FOAM

06:>v:30 7 0 1550 16 5 85Q FOAM



BDM CORPORATION

PUMP SAND
RATE PRESSURE CONCEN FLUID

TIME (BPM) (PSI) (I.,B/GAL) TYPE EVENT

06:58:00 7 5 1550 16.5 85Q FOAM
06:58:30 7 0 1550 15.0 85Q FOAM
06:59:00 8 0 1550 17.0 85Q FOAM

06:59:30 7 0 1550 15.0 85Q FOAM

07:00:00 8 0 1500 15.0 85Q FOAM

07:00:30 8 0 1500 i0 0 85Q FOAM

07:0[:00 7 5 .1500 I0 0 85Q F(JAIq

07:01:30 7 5 1500 11 0 85Q FOAM

07:02:00 7 5 1500 14 0 85Q FOAM

07:02:30 7 5 1500 13 5 85Q FOAM

07:03:00 7 5 I.500 15 0 85Q FOAM

07:03:30 3 0 1500 14 0 85Q FOAM

07:04:00 8 0 .1.500 17 0 85Q FOAM

07:04:30 7 5 1500 1.20 85Q FOAM

07:05:00 7 0 1500 15 0 85Q FOAM

07:05:30 7 5 1500 16 5 85Q FOAM

07:06:O0 7 0 1.500 17 0 85Q FOAM

O7:08:30 7 0 1.500 16 5 85Q FOAM

07:07:00 7 5 1500 17 0 85Q FOAH

07:07:30 7 5 1550 16 5 85Q FOAM

07:08:00 7 5 1550 16 5 85Q FOAM

07:08:30 7 5 1550 16 5 85Q FOAM

07:09:00 7 5 1550 16 5 85Q FOAM

07:09:30 7 5 1550 16 0 85Q FOAM

07:10:00 7 0 1550 17 0 85Q FOAM

07:10:30 7 0 1550 17 0 85Q FOAM

07:11:00 7 0 1550 16 0 85Q FOAM

07:11:30 i0 0 1500 16 O 85Q FOAM

07:12:00 i0000 SCF 1350 16 0 N2 SAND iN - STAR'I'N2

07 : 12 : 30 10000 SCF 1.250 CUT N2 DISPLACEMENT
07:71!3:00 i0000 SCF 1300 0 N2

07:13:30 10000 SCF' 1350 0 N2

07:14:00 i0000 SCF' 1350 0 N2

07:14:30 i0000 SCF 1400 O N2 N2 DIISPLACEMENT DONE -

07:15:00 0 1300 0 0 24,000 PUMPED
O7:15:30 0 1300 0 0

07:16:00 0 1.250 0 0
07 :1.6:30 O 1250 0 O

07:17:00 0 1250 0 0
07 : 17:30 0 1250 0 0
07:18:00 0 1250 0 0

07:18:30 0 1.200 0 0
07 : 19 : 00 0 .1.200 0 0
07 : 1.9 : 30 0 1200 0 0



BDN CORPORATION

PUMP SAND

RATE PRESSURE CONCEN FLUID

TIME (BPM) (PSI) (I,B/GAL) TYPE EVENT

07:20:00 0 1200 0 0 5 MIN ISIP
07:20:30 0 1200 0 0
07:21:00 0 1.200 0 0
07:21:30 0 1200 0 0
07:22:00 0 1200 0 0
07:22:30 0 1200 0 0
07:23:00 0 1200 0 0
07:23:30 0 1200 0 0
(17:24:00 0 1200 0 0
07:24:30 0 1200 0 0
07:25:00 0 1200 0 0 10 MIN ISIP

07:25:30 0 1200 0 0

07:26:00 0 1200 0 0

07:26:30 0 1200 0 0

07:27:00 0 ]150 0 0

07:27:30 0 1150 0 0
07:28:00 0 1150 0 0

07:28:30 0 [100 0 0

07:29:00 0 1100 0 0

07:29:30 0 ii00 0 0

07:30:00 0 1100 0 0

07:30:30 0 II00 (} 0 15 MIN ISIP

07:31:00 0 []00 0 0

07:31:30 0 1.050 0 0

07:32:00 0 1100 0 0

07:32:30 0 750 0 0

07:33:00 0 550 0 0

07:33:30 0 350 0 0

07:34:00 0 0 0 0
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6. TREATMENT REPORT



7. RECOMMENDATIONS

In relation to the fracturing fluid used, NOWSCO would like to

offer the following information for consideration:

I. If no gell is to be used on future treatments, we would

recommend doing one or more of the following to ensure job
SUCCESS:

(A) Decrease the Methanol content since it is a very
strong anti-foam agent.

(B) Increase the foamer concentration from 5 gal]ons to
7 gallons per i000. This would allow for better

foam half-life and proppant transport.

These recommendations are made to eliminate or at least decrease

the possibility of screenout from occurring.

NOWSCO also recommends that BDM/DOE also consider using a CO2

treatment. We believe a CO_ polyemulsion foam should be a veryviable treatment for these _ells.

Our reasons for recommending CO2-based jobs are:

I. We anticipate better fluid returns after fracturing due to

carbonation of the injected water,

2. Lower wellhead pressures.



8. FIELD INVOICE AND STRIP CHART





_o NOWSC0 WELL SERVICE (U.S.) INC. TREATMENT REPORT

FRACTURING

TYPEOFTREATMENT "l, "-, CUSTOMER

,.,.MEOFWELL(_._ Ni,--AA-- _..IEP -[', -J:t _ ADORESS ,,OE,

FORMAI"IONI.___C"'_' _ ___ O(_) BAFFLE SIZE FRAC BALL ,_y NO. & SIZE OF PIRF

2,

3.

4,

HORSEPOWER BREAKDOWN BREAKDOWN INST. PRESS BREAKDOWN INST. PRESS BREAKDOWN / INST. PR[$$
14.

CUM. STAOE 1. CHEMICAL AMOUNT
A,M, PRESSURE FLUID FLUID COMMENIS
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NOWSCO

V 95G GREENTREE ROAD ° PITTSBURGH, PA 15220

PHONE (412) 937-1411 * FAX (412) 937-1405

October 12, 1988

Mr. Bill Overbey

BDM Corporation
1199 Van Voorhis Road, Suite 4

Morgantown, West Virginia 26505

Dear Bill,

Please find attached the plot of PFrac-Pcl vs. time you requested.

Several points are worth noting with respect to the graph itself and the
data used:

I. lt appears a screenout was imminent if we believe the data.

2. lt is possible that two major fractures were developed, one
from the nine to 20 minute time frame and one from 20 minutes

onward.

3. The friction data used may or may not be correct. About all

we can say with respect to this is that these graphs didn't

appear to be relevant during the first job. However, these
values should be "relative."

4. We estimated a bottom hole closure pressure of 850 psi for the

analysis.

Hope this "very genera]ized" graph can help in some way.

For future jobs, possibly you could leave a small ID string (dead

string) in the hole and treat down the annulus, thus allowing you to
record bottom hole frac pressure. You could also run an Amerada RPG-3
on bottom.

__ji__Sincerely'



Q

I

I



APPENDIX G

FRACTURE DIAGNOSTICS REPORTS

AND SUPPORTING MATERIALS

G-I Hunter Geophysical Report on Tiltmeter Survey Over Zone #I During

Nitrogen Stimulation



FINAL REPORT

RECOVERY EFFICIENCY TEST WELL #I
CABWAYLINGO STATE FOREST

WEST VIRGINIA

PREPARED FDR:

THE BDM CORPORATION
1199 VAN VOORHIS ROAD, SUITE 4

MCCLEAN, WEST VIRGINIA 22102-3396

Al'TENTION:

MR. W. K. OVERBEY,JR.

BY

{_UNTERGEOPHYSICS
18B SOUTH WHISMAN ROAD

BUILDING A
MOUNTAIN VIEW, CALIFORNIA 94041

(415)961-3714

SUBMITTEDOCTOBER 5, 1987



INTRODUCTION

Hunter Geophysicsmonitored the well in Cabwaylingo State forest, West

Virginia, in an effort to determine the orientationand dimensionsof the

fracture. A circular array of eight instruments was placed above the

approximate location of the first zone to be stimulated (Figure 1). On

September23 the _ll was stimulatedwith an injection interval of 12:59

to 17:20 hours. (Appendix A provides generalinformationon use of

tiltmetermonitoring operations.)

SITE PREPARATION

CI
Hunter Geophysics' standard slte is drilled approximately20 feet In

depth for several reasons. The 20 foot depth reduces the amount of noise

and/or drift created by surfaceconditions such as rain, thermal effects,

and local traffic. The magnitude of the noise, due to these variables,

is al_ys an unknown until a site is actually instrumentedand data

collected. In general,a site drilled to a depth of 20 feet will reduce

the noise to a level that allows a signal from a fracture to be measured

very easily. Hunter has never experimentedwith sites of less depth

using instrumentspresentlybeing manufactured.



Site preparation for this project is constrained by access and

environmentalimpact. Eight sites were prepared at an average depth of 4

to 6 feet. The magnitude of drift and noise due to weather and thermal

effects is expectedto be higher in shallow sites, but the magnitude

cannot be predicted. The sites were very remote, consideringthe amount

of noise createdby local traffic, lt wao hoped that reduction in local

traffic noise might compensate for the increased noise due to other

variables.

Actual site preparationwas conducted from September10 to September 15.

This entailed drilling of sites and cementing of instrument casings in

the hole. The installation of tiltmeters followed, beginning on

_- September 15 and ending on September 16.

SITE STABILIZATION

Collection of data immediately after installation of tiltmeters has

historicallyshown that a stabilizationperiod of approximately 3 to 7

days is required. A high drift rate continuesduring this period until

the instrument settles into the site and "locks in". Once the

instruments "lock in" it may be possible to monitor earth tides, if

conditions are favorable. The time needed for the til_eter to "lock in"

after being installed in a shallow site is unknown.



The average drift rate of an instrument installed and "lockedin" in a

site prepared to 20 feet in depth is approximately 1 to 4 microradians

per day. The range of a Hunter instrument is 10 microradiansfull scale.

DATA COLLECTION

All eight sites were powered-up on September 16 to begin the

stabilizationperiod. Data collection did not start at this time due to

high rate of drift that made the tiltmeters go offscale in a matter of

hours, lt was hoped that the a one week site stabilization will occur

thus decreasing site noise.

C
Data collection began September21 to obtain two days of background data

prior to stimulation. The tili_eterscontinued to present high rate of

drift and go offscale in a few hours. This observed rate of drift is on

the order of 2 to 6 microradians per hour. Since the tilmeters

consistentlydrifted offscale,continuous data could not be collected.

Such large gaps in data sets prevent Hunter from using any signal

processing to help retrieve a signal from the data.



4.

Several hours before the stimulation,the tilbneters were re-zeroed or

leveled up to give the instrument the maximum rang_ of tilt. lt was

hoped that the instruments would stay on scale for the duration of the

stimulation. Actual data collected for the stimulation is as follows:

Site #1 - channel 1, data showed no signal due to site noise.
channel2, drifted offscale during stimulation.

Site #2 - channels 3 and 4 show no signal due to site noise.

Site #3 - channel5, drifted offscale during stimulation.
channel 6, data showed no signal due to site noise.

Site #4 - channels7 and 8 both drifted offscale prior to
the stimulation.

Site #5- channels9 and 10 show no signal due to site noise.

Site #6- channel 11, drifted offscaleprior to the stimulation.
channel 12, data showed no signal due to site noise.

Site #7 - channels 13 and 14, site dld not collect data, unable
to re-zero tiltmeter due to large amount of drift.

Site #8 - channel 15, drifted offscaleduring stimulation.
channel 16, drifted offscale prior to stimulation.

Data collectedduring the stimulation is shown in Appendix B.

Background data after the stimulation continued to have a high rate of

drift and would also go offscale. On September 25, two days after'

stimulationand a full ten days after the instrumentswere installed,

data collection ended.

-4-



( CONCLUSIONS

The recorded rate of drift proved to be much larger than what is

predicted from conventionalsites and is probably due to the shallowness

of the sites. Drift rate was sufficientlylarge and random enough to

prevent Hunter from extracting the stimulation signal from the data.

Noise due to rain, thermal effects and local variables is too large in

sites prepared to only 4 to 6 feet in depth. At the time data collection

was stopped, the drift rate had not shown any signs of slowing down or

becoming more stable. There is presently no evidence to indicate that

the drift rate wlll slow to a level that will allow Hunter to monitor

future stimulations successfullyunder current site conditions.

-5-
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APPENDIXA



A BRIEF REVIEW OF THE
USE OF TILTMETERS TO MONITOR

HYDRAULIC FRACTURE AND ASSOCIATED
PRODUCTION OPERATIONS



p. INSTRUNENTS AND INSTALLATION

The tiltmeters used by Hunter Geophysics are essentially very sensitive "bubble
levels", and while Hunter custom builds our own instrumentation,the basic
theory follows instruments originally developed by the U.S. Department of
Defense.

A schematic of the sensor is seen in Figure I. The sensor consists of a
container with a curved surface (the curvature of this surface is greatly
magnified for this schematic) which is filled with two liquids having different
electrical properties. The position of the small bubble 6f fluid in the center
changes as the sensor is tilted, thereby changing the resistance between the
five electircal contacts. By measuring the resistance changes, the tilt change
can be determined along two directions (along the lines of electrodes A-E-C and
B-E-D).

While simple in theory, the instruments are remarkably accurate. Utilizing
state-of-the-artelectronics ( custom designed and manufactured by Hunter) the
instruments achieve a resolution on the order of 1.0 x lO_radians or I
nano-radian. This is equivalent to a change in height from New York to Los
Angeles of less than 1/4 of an inch. However, to utilize this resolution the
proper installationof the instruments must be: I) protected from temperature
c_nges; 2) adequately coupled to the earth and; 3) positioned so that the tilt
recorded in two directions corresponds to "known"directions. The tiltmeters
are typically installed10 to 20 feet deep as shown schematicallyin Figure 2.
They are installed, using techniques proprietary to Hunter, in a manner to

..... insure adequate coupling to the earth, and to align the two "axes" of the sensor
with magnetic North-Southand East-West.

DATA AQUISITION

The changes in resistance created by tilting the bubble sensor are
electronicallyconverted into a voltage:which is proportional to the tilt of the
instrument. The voltage is then recorded in one of two ways. For many field
installations, cables are run from each instrument site to a central data
collection point; there the voltage is converted to a digital number and stored
by a computer for later analysis. In some situations, the size of the array or
the local topography makes hard-wiring the instruments difficult or impossible
therfore, radio telemetry is used to transmit the data to a central location.
When radio telemetry is utilized, a separate data logger is located at each
tiltmeter site. These small data loggers record the data independentof the
radio transmission and co_uter storage..Thus, they supply a backup in case of
radio transmissionproblems.

The recorded magnetic North-South and magnetic East-Westtilts are corrected and
stored, and analyzed, in terms of true North-South. Therefore, all maps,
displays, and results reported by Hunter are in terms of true North-South
coordinates.



...... SENSEOF TILT ANDFRACTURESIGNAL

Along each axis of the tiltmeter, tilt can be in two directions. For example,
the tilt of the East-West axis instrument can be down to the East or down to the
West. The sense of the instruments is arbitrarily defined so that tilt
"down-to-the-East" is positive (or for the North-South axis of the instrument,
the tilt "down-to-the-north" is positive). This is illustrated in figures 3 and
4. Figure 3a shows a possible position of a tiltmeter shortly before a fracture
stimulation. Due to the original installation and from drift, the instrument is
not level b_t is currently positioned down-to-the East. If the time is early
morning, the sun rising in the east will cause temperature chants which will
cause the ground to the East to swell - thus the "drift" of the instrument will
be "down-to-the-West" and the data from the East-West channel of the tiltmeter
will be decreasing, as seen in Figure 4.

Shortly after the stimulation begins, the tilt at the earth's surface is due to
the hydraulic fracture which is superimposed on the overall trend. If the
fracture causes the East-West tilt at this particul ar site to be
down- to-the-East, the tiltmeter would respond as seen in Figures 3b and 4. The
"signal" is the tilt associated with the hydraulic fracture and this is measured
as the difference between the recorded data, and an extrapolation of what the
data would have been if the hydraulic fracture had not occurred. For this
example, the "signal" is negative, illustrating that the fracture created a tilt
at this instrument site which was down-to-the-West. A similiar signal is then
measured for the North-South axis of this instrument, and for the two axes of

( each of the other instruments.

TILT VECTORS

"Tilt Vectors" are used as a convenient way of pictorially displaying the tilt
signals. The convention used is that the tilt vector for a particular site
points "downhill". For example, assume that the tiltmeter discussed above is
No. 8 in an eight element circular array as seen in Figure 5. If the hydraulic
fracture which created the down-to-the-West signal at this site caused no
North-South tilt, then the tilt vector for this site (site no. 8) w_uld point to
the West as seen in Figure 5a. That is, the total amount of tilt at site No. 8
caused by the hydraul ic fracture was enough to rotate the surface
down-to-the-West.

If the hydraulic fracture, in addition to causing the down-to-the-West tilt, had
caused a down-to-the-North tilt (e.g. a positive signal on the North-South axis
of the tiltmeter), the tilt vector would point West (down-to-the-West) and North
(down-to-t_-North), or North-West as seen in Figure 5b.

Since the length of the tilt vectors is proportional to the magnitude of the
tilt, a tilt vector map or display is a convenient method of presenting the data
from an array of tiltmeters. This array of "measured tilt vectors" is then
compared to theoretical values which are generated from computer models for
various hydraulic fracture geometries and orientations.
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TILT FROMHYDRAULICFRACTURES

(

The first analysis is to examine the pattern of the tilt vector display. A
hydraulic fracture will deform the earth's surface in a predictable manner, with
figure 6 showing schematic 3-D representations of the surface deformation for
vertical and horizontal fractures.

Figure 7 shows a cross section of the surface deformation for a vertical
fracture, with the cross section being perpendicular to the "strike or azimuth
of the hydraulic fracture. For instruments located away from the fracture by i
about 40% of the depth, the tilt is maximum, and is down toward the fracture.
Thus a theoretical tilt vector array for a North-South'vertical fracture would
appear as seen in Figure 7b.

Figure 8 shows tilt vector patterns for both a vertical and horizontal fracture.
As one might expect, the horizontal fracture creates a simple, radially
symmetric array of tilt vectors which all point away from the center of the
horizontal fracture.

The obvious difference between the appearance of these two tilt vector arrays
illustrates the point that the "tilt pattern" is primarily influenced by the
orientation {e.g. vertical versus horizontal and azimuth of the fracture}. The
examples above have illustrated the tilt pattern for the two primary
orientations of hydraulic fracture, however it should be noted that more complex
patterns are possible. As an example of this, consider the tilt patterns for
"dipping" fracture with a strike (or azimuth} of North-South and a dip of 45

( degrees. The normal geologic definition of "dip" is employed where dip is
measured clockwise, with positive viewed "northerly" along the strike of the
fracture. Thus a North-South fracture with a dip of 45 degrees is dipping doom
to the East. Note that vertical fracture would have a dip of 90 degrees.

The discussion above has concentrated on the "pattern" of tilts created by a
hydraulic fracture. It is this pattern which is the primary indicator of
fracture orientation and azimuth. The magnitude of the tilt is less sensitive
to fracture orientation than to fracture volume (in addition, of course, to
being extremely sensitive to fracture depth). Within limits it is volume that
determines the magnitude of the tilts, as opposed to any individual injection
dimension. That is, a "larger, narrower" fracture will create a tilt field
which is almost identicalto a "shorter, wider" fracture. Even though this
represents some restriction on the use of the tiltmeters or other surface
deformation data for determining fracture dimensions,the surface measurements
do give a reliable measurement of fracture volume_. Often, tilt magnitude used
in conjunction with other data such as fracture pressures or post-frac
performance can provide the required constraint for fracture volume needed to
define fracture dimensions such as penetration and width.
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Raw "East-West" Tilt Data From a Tiltmeter Located ._4oproximately

10O feet North-West of a Well Which is Approximately 2000 feet Deep.

Figure 4 - Typical Tilt Signal and ET_mple of Picking Hydraulic
Related Tilt.
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.VOLTS. CHANNEL 16.
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