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Final Report - Grp #°s 1A & 1B (Crockett Co, TX), Grp #2 (San Juan Co, NM), Grp #5 (Phillips Co,
MT), Grp #7 (Blaine Co, MT)
Contract #DE-AC21-94MC31199 "Field Testing & Optimization of CO,/Sand Fracturing Technology"

DISCLAIMER

This report was prepared as an account of work sponsored by an agency of the United States Government.
Neither the United States Government nor any agency thereof, nor any of their employees, makes any
warranty, express or implied, or assumes any legal liability or responsibility for the accuracy, completeness, or
usefulness of any information, apparatus, product, or process disclosed, or represents that its use would not
infringe privately owned rights. Reference within to any specific commercial product, manufacturer, or
otherwise does not necessarily constitute or imply its endorsement, recommendation, or favoring by the
United States Government or any agency thereof. The views and opinions of authors expressed herein do

not necessarily state or reflect those of the United States Government or any agency thereof.
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MT), Grp #7 (Blaine Co, MT)
Contract #DE-AC21-94MC31199 "Field Testing & Optimization of CO,/Sand Fracturing Technology"

EXECUTIVE SUMMARY

These contract efforts involved the demonstration of a unique liquid free stimulation technology which was,

at the beginning of these efforts, in 1993 unavailable in the U.S. The process had been developed, and
patented in Canada in 1981, and held promise for stimulating liquid sensitive reservoirs in the U.S. The
technology differs from that conventionally used in that liquid carbon dioxide (CO>), instead of water is the
base fluid. The CO; is pumped as a liquid and then vaporizes at reservoir conditions, and because no other
liquids or chemicals are used, a liquid free fracture is created. The process requires a specialized closed

system blender to mix the liquid CO, with proppant under pressure.

These efforts were funded to consist of up to 21 cost-shared stimulation events. Because of the vagaries of
CO, supplies, service company support and operator interest only 19 stimulation events were performed in

Montana, New Mexico, and Texas.

County State | Date | Wells |Stages| Grp #
Crockett TX | 12/95 3 6 1A
Crockett TX | 12/95 6 3 1B
San Juan NM | 01/96 3 3 2
Phillips MT | 07/98 3 3 5
Blaine MT | 09/02 4 4 7

Total 16 19

Final Reports have been prepared for each of the four demonstration groups, and the specifics of those

demonstrations are summarized therein.
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Crockett County, Texas

The first demonstrations were in Crockett County in the Canyon sands and consisted of two groups ofthree
wells. The placed proppant volumes with the CO,/sand process were much lower than the design volumes do
in part to reduced pump rates because of pressure limitations. The production responses were poor, and it

was concluded that the fracture lengths generated by the liquid CO; stimulations were insufficient.

San Juan Co. New Mexico

Three Candidate Wells completed in the Fruitland Coals were stimulated with the CO,/Sand process and
minimal proppant volumes were placed believed to be a result of an unusually large number of perforations.
The projected five year cumulative production ranged from the three Candidate Wells ranged from 65.3 to
141.9 MMcf and averaged 91.3 MMcf while that from the six Control Wells ranged between 15.6 and 445.2
MMcf averaging 231.3 MMcf or 2.5 times that from the wells.

These poor responses from the wells stimulated with the CO»/sand process are unquestionably related to a

number of factors regarding the formation characteristics of permeability, and pressure, but to a larger extent

to the reduced proppant volumes placed by the liquid-free treatments

Phillips County, Montana
Full proppant volume (40,000 pound) CO,/sand stimulations were easily executed in three Candidate Wells

completed in the Phillips Sand in the Phillips Co, Montana test area, but the production from the Candidate

Wells failed to meet those required by the criteria for success.

The twenty-four month cumulative production volumes from the wells stimulated with the liquid-free
CO,/sand process are essentially the same as that from the Control Wells treated with N, Foam and utilizing
the same 40,000 pound proppant volume, and there is a suspicion that the wells which were stimulated with
CO./sand are being choked by limited conductivity in the hydraulically created fracture, probably as a
consequence of the smaller proppant size used (20/40 vs. 12/20). This is based on the observation of the
nearly identical monthly production volumes from all three Candidate Wells. And, also on the production

comparisons of twenty nearby wells which utilized larger proppant.



Final Report - Grp #’s 1A & 1B (Crockett Co, TX), Grp #2 (San Juan Co, NM), Grp #5 (Phillips Co,
MT), Grp #7 (Blaine Co, MT)
Contract #DE-AC21-94MC31199 "Field Testing & Optimization of CO2/Sand Fracturing Technology"

Blaine County, Montana
Full proppant volume CO,/sand stimulations were successfully pumped in three of four Candidate Wells

which were completed in the Eagle Sands. All four Candidate Wells had production improvements which
through July, 2004 (22 months following the stimulation) ranged from 3.1 to 54.1 MMcfand averaged 19.5
MMecf. The total incremental improvement is 77.8 MMcf.

One well, Blackwood 06-09, accounted for the majority — 70% (54.1/77.8) of the incremental production

increase, and it is the only well which exceeded the success criteria.

SUMMARY

The liquid free CO,/Sand stimulation technology resuits in a liquid free propped fracture and is the only
known process which provides this benefit. Because the viscosity of CO; is low (0.1cp) the fracture lengths
. are limited, but the benefits of a non-damaging fracture can prove beneficial to liquid sensitive formations

especially as the reservoir pressure diminishes.
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ABSTRACT

A summary of the demonstrations of a novel liquid-free stimulation process which was performed in four
groups of “Candidate Wells” situated in Crockett Co, TX, San Juan Co, NM, Phillips Co, MT, and Blaine
Co, MT. The stimulation process which employs carbon dioxide (CO;) as the working fluid and the
production responses were compared with those from wells treated with conventional stimulation
technologies, primarity N, foam, excepting those in Blaine Co, MT where the reservoir pressure istoo low to

clean up spent stimulation liquids.

A total of 19 liquid-free COo/sand stimulations were performed in 16 wells and the production improvements

were generally uneconomic
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II.

ABSTRACT

A summary of the demonstrations of a novel liquid-free stimulation process which was performed in
four groups of “Candidate Wells” situated in Crockett Co, TX, San Juan Co, NM, Phillips Co, MT,
and Blaine Co, MT. The stimulation process which employs carbon dioxide (CO,) as the working
fluid and the production responseé were compared with those from wells treated with conventional
stimulation technologies, primarily N, foam, excepting those in Blaine Co, MT where the reservoir

pressure is too low to clean up spent stimulation liquids.

A total of 19 liquid-free CO»/sand stimulations were performed in 16 wells and the production

improvements were generally uneconomic

INTRODUCTION

The demonstration of a unique liquid-free stimulation treatment technique which utilizes carbon

dioxide (CO,) as the working fluid and which was previously unavailable in the U.S. was initiated and
performed in the eastern U.S. under another contract (#DE-AC21-90MC26025 — “Production

Verification Tests”) and extended under this contract to demonstrations in the western states.

The technology held promise for stimulating liquid-sensitive reservoirs in that the CO, is pumped as a
liquid to hydraulically create fractures, and then will vaporize at reservoir conditions and flow from
the reservoir as a gas, resulting in a liquid-free induced fracture. Additionally, the process which had
been developed in Canada utilized specialized equipment to enable proppant to be mixed with and
transported by the liquid CO, thereby resulting in a propped fracture to prevent it from closing.

These efforts required the cooperation of gas well operators to provide “Candidate Wells” wells for
the demonstrations, and in return they received financial cost-shared support for this DOE sponsored
program. The operators provided the Candidate Wells, the specifics on nearby “Control Wells”, and
the production data from the Candidates for five years following the stimulations. The production

responses from the Candidate Wells, which were stimulated with the CO,/Sand process were then
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HI.

compared to that from the conventionally stimulated Control Wells to determine if any advantage

would be realized from this process.

These efforts were funded to consist of up to 18 cost-shared stimulation events, another 3 were

subsequently added bringing the total to 21 demonstrations.

Difficulties in procuring CO,, service company dispositions, and a lack of operator interest resulted in
only 19 events being executed. The unexpended funds were returned to the DOE. These difficulties
would likely have been less of an encumbrance had a service company with a natioﬁwide sales group
been involved. The small Appalachian-based service company that provided the blender did not have
the resources to provide services in the western U.S. on a regular basis, and there were also
reluctances by the larger service companies with pumping equipment in the western U.S. to provide a

seamless field experience for the operator.

The contract also specified that each demonstration group of Candidate Wells was to include a
minimum of three wells. By design this requirement was to enable the statistical confidence in the

results to be elevated.

BACKGROUND
The first demonstrations of the CO,/Sand stimulation process were initiated through a DOE

sponsored project and were conducted in eastern Kentucky's Big Sandy gas field in January, 1993.
Significant successes resulted in that considerably larger gas volumes were produced from welis
which were stimulated with the liquid-free CO/Sand stimulation process than from nearby wells
which had been hydraulically fractured with other treatment types namely, N, gas and especially N,
foam. The five year per well incremental benefit (two stages) of the production from the CO,/Sand
stimulations resulted in an improvement of 135.4 MMecf over that from N; foam stimulations and

110.4 MMcf improvement over N, gas stimulations.
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Because of these favorable responses the DOE solicited other liquid sensitive reservoirs in the
western U.S. to further apply the CO,/Sand technology. The subject contract and this Report are the
| results of that solicitation.

IV. IDENTIFICATION AND SELECTION OF CANDIDATE WELLS
L There were a total of 15 groups which preliminary information was submitted to the DOE for review
and comment. Of those 8 complete Candidate Well packages were upon DOE request further
prepared and resubmitted. Five of those well groups were approved for treatment. There were 7
rejected by the DOE, and 3 from which the operator elected not to participate.
Submittals No
Preliminary Proposals 15
Rejected by DOE -4
11
Operator Withdrew -3
Formal Proposals 8
Rejected by DOE -3
Executed 5
The DOE approvals of these 5 groups have resulted in 19 Stages (16 wells) being stimulated with the
CO2\Sand process with cost shared participation under the subject contract.
Pkg DOE
# Opr Form Depth | County St ? |#]| Stg | Date Status
1A | UPR Canyon 6,700 | Crockett TX | Y |3] 6 | Dec95 Executed
1B | UPR Canyon 7,300 | Crockett TX 1 Y 3] 3 | Dee-95 Executed
2 Amoco Fruitland 2,100 | San Juan NM| Y i3 3 Jan-96 Executed
3 Chevron Wolfcamp | 9,500 | Terrel X 2y 2 Aug-97 DOE-Rej
4 Ultra Petr Lance 12,500 | Sublette WY 3| 15 | Feb-98 DOE-Rej
5 WBI Phillips 2,200 | Phillips MIE| Y |3} 3 | May-98 Executed
6 WBI Eagle 1,400 | Fallon MT 3/ 3 | May-98 | OP-Withdrew
7 Ocecan Engy | Eagle 1,400 | Blaine MT 41 4 | Sep-02 Executed
Evergreen Niobrara 1,600 | Yuma CO 21 2 DOE-Rej
Thermo CoGn | Niobrara 1,600 | Cheyene KS 2| 2 DOE-Rej
Amoco Mary Lee | 2,200 | Tuscaloosa | AL 8| 8 OP-Withdrew
Cedar Ridge | Fruitland | 2,200 | LaPlata CO 3] 3 OP-Withdrew
Chandler Mancos 2,400 | Blanco CO 3| 3 DOE-Rej
Crescendo X 111 DOE-Rej
Burlington Lewis Sh | 3,800 | SanJuan | NM 6| 6 DOE-Rgj
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V. METHODOLOGY
The evaluation of the COy/sand stimulations was done through the comparison of the five-year
cumulative produced gas volumes from the Candidate Wells which were stimulated with CO,/sand
with that from nearby Control Wells which had been stimulated with other processes. These other

stimulation processes included nitrogen (N») foam, and gelled water processes.

The wells with the larger projected five-year cumulative produced gas volumes, after the flush

production was removed, were considered to be superior.

A. Mathematical Analog of Production Data
The procedure to remove the flush production volumes utilizes a fit of a mathematic equation
of the later time production, and then utilizing that relationship to extrapolate the early

production if the flush production rates had not occurred.

There were some instances where the flush production volumes were minimal which
L reinforces the benefit of being able to more acutely focus in on the reservoir characteristics
through the elimination of this bias. This process can also provide a significant benefit when

there is missing production data.
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C. Missing Data

This process can also provide a significant benefit when there is missing production data.

D. Examples
The following examples demonstrate the procedure utilized to remove the gas produced
during the flush production period which in this case lasted approximately 13 months. The
actual produced gas volume was 41 MMcf while the projected volume was 23 MMcf or a
difference of 18 MMcf. The projected five year cumulative production is 92 MMcf whereas

the actual production volume measured was 110 MMecf.

5-29
{84765) Pike Co, KY
Completion: N, Gas - 2 Stages - No Proppant

Cum Prd (MMcf), Mnthly Prd x10
(MMch

Months

| A Cum MMt 8 (MMGHMo) x10 ———Cum MMcf- Proj @ (MMcfiMo) x10 - Proj
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In the second example there was no production data available for the first 29 months,
additionally the available data included two shut in periods which are followed by flush
production periods. By utilizing a mathematic fit of the steady state production data a realistic
projection of the production resulted. The limited data set was then utilized, and the bias

resulting from the flush production periods following the shut in periods was removed.

Montgomery Ck Well #3111 - Dev Sh
Pmt #54885 Pery Co, Ky

Cum Prd {(MMcf), Mnthly Prd X106 (MMcf)

In removing the effects of the flush production volume a more realistic assessment of the
response to the different stimulation types resulted. The production plots for each well
including the actual and projected values are included in this report.

10



Final Report - Grp #’s 1A & 1B (Crockett Co, TX), Grp #2 (San Juan Co, NM), Grp #5 (Phillips Co,
MT), Grp #7 (Blaine Co, MT)
Contract #DE-AC21-94MC31199 "Field Testing & Optimization of CO,/Sand Fracturing Technology™

VL.  CO,/SAND STIMULATION TREATMENTS
A. Design

A stimulation design was prepared and presented to the operators. Because of prior successes

in placing full blender volumes, it was concluded that the first effort would be to attempt a

maximum quantity of 47,500 Ibs. This recommended stimulation design was;

f PROPPANT FLUID SCHEDULE
Cum | Stage | Proppant | Proppant | Cum
(bbh) | (bbl) | (ppg) (Ib) (Ib)
Stage
Hole Fill (Liquid CO,) 53 53 0 0
Pad (Liquid CO3) 190 115 0 2310
Start Sand 55 55 1.0 2,310 2,310
Increase Sand 110 55 2.0 4,620 6,930 |
Increase Sand 165 55 30 6,930 13,860
L Increase Sand 383 218 3.5 32,046 45,906
(1 Flush (Liquid CO,) 615 44 0 45,906
Total | 615
TREATMENT FLUID REQUIREMENTS
5 , Hole + | Prop | Flush | Tot Pumped | Bottom | Total
L Liquid cop (bbl) 168 403 44 615 10 625
CO, (T) 120
Nitrogen {Mscf) 74

VII. DOE APPROVALS

A formal submittal package was prepared for each of the 7 groups and submitted to the DOE for
consideration. After their review and some additional information provided, some of the treatments

were approved for the cost-shared demonstration.

11
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VIII. FIELD ACTIVITIES

IX.

A.

Preparations
Preparations for the field activities included perforating the Candidate Wells and the
placement of two 60 to 80 ton CO, storage vessels on the location and then filling them with

liquid CO; during the 24 hour period prior to the treatment.

Stimulations
A summary of the perforation, stimulation specifics (volurnes, rates, pressures) for all of the
Candidate Wells is presented in the Final Report for each group.

IS THE PROPOSED RESERVOIR LIKELY TO BENEFIT FROM THE CO,/SAND

TECHNOLOGY?

Because the CO,/sand stimulation utilizes CO; as the working fluid which is pumped as a liquid and

subsequently vaporizes at formation temperature and flows from the reservoir as a gas, no liquid

remains behind and the gas can flow from the reservoir unimpeded.

OPERATORS

The following questions were considered by each of the operators, and each ofthe test areas provided

or afforded:

A. An interest in CO,/Sand technology?

B An adequate test opportunity?

C. A presently active drilling program?

D A future for successfil results? Is the operator likely to continue implementing this
technology without DOE cost support?

E. An interest in DOE cost-supported participation?

F. Share production data for five years?

12
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G. Letter of Intent

The operator provided a letter of intent agreeing to:

I. Provide legitimate well opportunities for three mutually agreed upon wells,

2. Provide acceptable background information on the nearby wells including the drilling,
completion, and production specifics,

3. Bear the normal additional expenses of cement bond logging, perforating, bull dozers,
and other normally occurring expenses associated with stimulation events,

4. Participate in the demonstration project and the anticipated treatments specifics, and

5. Provide the production and flowing pressure information from the Candidate Wells

for five years.

XI. TEST AREAS
A. TEST AREA #1 — Crockett Co, Tx — Package #’s 1A & 1B - 9 Stages / 6 Wells
1. Location
Two Test Areas:
1A — Block NG (Montgomery)
1B - Block MM (Hoover-Hatton})

l—J_ﬁT?

[ I

| I
[ 11
DL I L
E |

T 1]
|
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The first demonstrations under the contract were executed in December, 1995 in two

characteristically separate groups each containing three wells.

They are situated in the Val Verde Basin of South Texas in Crockett County near the
town of Ozona, and produced from the Canyon Sands at depths ranging from 6,428
to 7,420 feet. The production is primarily gas with minimal condensate -
approximately one barrel per million cubic feet of gas (1 bbl/MMcf).

The major differences between the two areas, 1A-Block NG (Montgomery) and 1-
BBlock MM. (Hoover-Hatton) are that the Canyon Sand interval in Block NG

contains an increased pay thickness.

2. Operator
The operator was at the time was Union Pacific Resources (UPR) formerly Union
Pacific Resources Corporation (UPRC). UPR has since been purchased by Anadarko

Petroleum.

3. Reservoir
The target formations are the Canyon Sands which are complex deep ;water turbbdite
deposits that contain numerous gas productive members. They are approximately
1,200 feet thick and contain eight individual sand members which are designated A
(shallowest) through H, and some may not be present in offset wells. Consequently
the perforated intervals vary and ranged in depth from 6,428 to 7,420 feet in the
Candidate Wells. Because of this variation, the per-well reserves can vary

considerably within an area and range from 0.2 to 1.2 billion cubic feet (Bef) of gas.

14
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4. Producing Horizon
The Canyon Sands are known for the capillary retention of liquids and these
Candidate Wells were considered to be good candidates for demonstrating the Liquid-
free CO2/Sand technology. Historically, a number of these sand members were

stimulated and the production co-mingled.

The unique combination of the zones within individual wells complicated attempts at
fracture analysis. Numerous studies performed by UPR were unsuccessful in
identifying a relationship between treatment size (proppant volume) and the post-

fracture well performance.

5. Test Area #1A - Block NG (Montgomery) - Two Stage Completions
| Block NG occupies approximately four sections and contained seventeen active wells.
The three Candidate Wells were completed in the C (Lower) & E (Middle) Sands and

were stimulated with two stage CO./sand treatments.
The reservoir pressure was about 50% of the original (when they were drilled on 320
acre spacing) and the estimated ultimate recoveries (EUR's) generally range between

1,500 and 4,500 MMcf.

a. Permeability
The permeability’s range from 0.001 to in excess of 0.10 millidarcy.

15
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b. Reservoir Pressure and Teinperature

The reservoir temperatures and pressures were:

Press | Temp Total Depth
Well (psig) (°F) (ft)
Hoover 7C-7 760* 155 7,585%%
Hatton 8C-4 760* 181 7,613
Hatton 13-14 760* 182 7,515

* (Calculated

** The total depths are deeper than the lowermost perforation; for instance
the deepest perforation in the Hoover 7C-7 well is 7,420 feet

A review of the phase behavior at these temperatures and pressures confirmed
that the CO, would vaporize under these conditions. A phase diagram for
cach well group was prepared and is not included here, but accompanies the

report for that group

c. Sensitivity to Stimulation Liquids
The wells in these arcas require some time to clean up following the liquid
based stimulations and appeared to be excellent candidate opportunities for

this technology.

The Canyon Sands are known for the capillary retention of liquids, and each
of the two groups of three Candidate Wells were considered to be viable
opportunities for demonstrating the liquid-free CO./Sand technology.
Primarily, because of the suspicion that formation damage was resulting from
the formations sensitivity to stimulation liquids, and also through the interest
that UPR indicated in the process and their ability to effectively evaluate the

results through their in-house knowledge and large data set.

16
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d. Control Wells

There were 7 Control Wells:

Well Pmt # 42-105- 5 Yr Prod (MMcf)
XXXX :
1 | Montgomery 02-17 10786 1,695.2
2 | Montgomery 01-17 10785 1,100.2
3 | Montgomery 03-15 30742 814.4
4 | Montgomery 07-16 31725 662.0
5 | Montgomery 04-15 31021 5109 -
6 | Montgomery 05-18 31727 370.8
7 | Montgomery 01-16 10101 65.8

e. Candidate Wells
There were three Candidate Wells. They were infill wells which were drilled

on 40 acre spacing and the initial plan was to stimulate them with

conventional stimulations with an anticipated performance of approximately

70% that of the 80 acre wells drilled previously.

Well Pmt # 42-105- 5 Yr Prod (MMcf)
XXXX
1 | Montgomery 13-18 36988 26.7
2 | Montgomery 12-18 36989 120.8
3 | Montgomery 14-18 36987 153.6
(1 Stimulation #1 - Candidate Well # 1 — Montgomery 13-18 (36988)

(a) Stage #1

A total of 24,200 pounds of sand were placed in zone, in the

first stage. The maximum acceptance sand concentrations

were unknown and screened out as the 3.0 ppg sand

concentration started into the formation.

17
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(b)

Stage #2

The treatment consisted of 26,100 lbs of proppant were
pumped at an average rate and pressure of 40.0 barrels per
minute and 5,230 psi respectively. It screened out with 20,800
pounds of proppant in zone for an average in zone proppant

concentration of 1.37 ppg.

(2) Stimulation #2 - Candidate Well #2 — Montgomery 12-18 (36989)

(a)

®

Stage #1

The first stage was stimulated with 25,000 lbs of proppant
pumped at an average rate and pressure of 40.0 barrels per
minute. The treatment screened out with 10,400 pounds of
proppant in zone for an average im zome proppant
concentration of 0.73 ppg. The treatment was compromised
by significant CO; leaks around the piston rod packings. The
leakage was estimated to be at least five (5) barrels per
minute. The resultant injection rate after the leaks would be 35
barrels per minute and is belicved to be the explanation for the

screen ouf.

Stage #2

The second stage treatment consisted of 20,700 lbs of
proppant pumped at an average rate and pressure of 43.0
barrels per minute. The in zone proppant volume was

estimated 19,800 pounds.

18
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(3)  Stimulation #3 - Candidate Well #3 -- Montgomery 14-18 (36987)
(a) Stage #1
11,500 1bs of proppant were pumped at an average rate and
pressure of 39.6 barrels per minute and 5,590 psi respectively.
The treatment had to be temporarily discontinued after
pumping 39 barrels of CO; because of a leaking welthead
isolation tool. The pumping was halted and the pressure bled
from the well head to replace a leaking element. The pumping
was resumed after approximately two hours. The in zone
proppant volume was an estimated 8,100 pounds.
(b)  Stage#2
The treatment consisted of 13,700 Ibs of proppant pumped at
an average rate and pressure of 43.0 barrels per minute and
5,100 psi respectively. The in zone proppant volume was
estimated 12,900 pounds.
(4)  Stimulation Summary
Summary
Sand (sacks) Max Tr Press | Avg Rate Sand Conc
Well | St | Pumped | In-Zone (psi) (BPM) Max Avg
M#13 | 1 265 242 6,200 47.0 3.0 2.0
M#13 | 2 261 208 5,796 40.0 3.0 1.5
M#12 | 1 250 104 6,500 40.0 2.0 1.4
M#12 | 2 207 198 6,100 43.0 2.0 1.6
M#14 | 1 115 81 5,590 39.6 2.0 0.9
M#14 | 2 137 129 5,600 43.0 2.0 1.2
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f Results
(1)  Production Comparisons
(a) Summary — Control Wells
The five year cumulative production volumes from the seven
Control Wells ranged from 65.8 to 1,695.2 MMecf and
averaged 745 MMcf.

Production - Canyon Sands {E & C)
Crockett Co, TX - Block NG (Montgomery) - Secs 15, 16, 17,18

7 Wells - 14 Stages
Stimulation: Gelled Water - w/100,000 - 200,000 Ibs Proppant/Stg
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Cum Prd (MMcf)

(b) Summary — Candidate Wells
The five year cumulative production from the three Candidate
Wells ranged between 26.7 and 153.6 MMcf and averaged
100.4 MMcf.

Production - Canyon Sands (E & C)
Crockett Co, TX - Block NG (Montgomery) - Sec 18
3 Wells - 6 Stages
Stimulation: CO,/Sand - 2 Stages - w/8,100 - 20,800 Ibs Proppant/Stg
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{c) Summary Control and Candidate Wells
The projected five year cumulative production from the
Candidate Wells averaged 100.4 MMcf while that from the
seven Control Wells averaged 745.0 MMcf or 7.4 times that
from the wells stimulated with the liquid CO»/sand process.

Average Production - Canyon Sands (E & C)
Crockett Co, TX - Block NG (Montgomery) - Secs 15, 16, 17,18
10 Wells - 17 Stages
Stim: Gelled H,0O (7 wells) w/100,000 - 200,000 Ibs Prop/Stg

CO,/Sand (3 wells) w/ 8,100 - 20,800 Ibs Prop/Stg
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g

Conclusions - Test Arca #1A

¢y

@

&)

The liquid CO,/sand stimulations were somewhat successfully pumped
in the Canyon Sands. Although it had not been conclusively
established that they could be successfully pumped they were, but at

considerably reduced proppant volumes than the design.

The production from the three Candidate Wells was considerably less
than that from the Control Wells.

The projected five year cumulative production averaged 100.4 MMcf
while that from the seven Control Wells averaged 745.0 MMcfor 7.4
times that from the wells stimulated with the liquid CO./sand process.

These poor responses from the wells stimulated with the CO,/sand
process are unquestionably related to a number of factors regarding

the formation characteristics of permeability, and pressure, but to a

larger extent to the reduced proppant volumes placed by the liquid-

free treatments

The conventional stimulations in both Test Areas #’s, 1A & 1B were
stimulated with either borate cross-linked guar gum or HPC gels
containing 100-200 thousand pounds of 20/40 mesh proppant whereas
the proppant volumes placed with the liquid CO,/Sand process were

much less.

The proppant volumes in the liquid CO,/sand treatments ranged from
8,100 to 24,200 pounds per stage. If the lowest volume, 8,100 pounds

is removed, the five stage range was 10,400 to 24,200 and averaged
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17,600 pounds or only 9 to 18 percent of that placed in the

conventional treatments.

The actual volumes placed in zone were:

Stage 1
Pumped Removed from well | Net in zone
Well (K lbs) {K lbs) (K lbs)
Montgomery 13-18 26.5 23 242
Montgomery 12-18 25.0 14.6 10.4
Montgomery 14-18 11.5 34 8.1
Stage 2
Pumped Removed from well | Net in zone
Well (K Ibs) (K Ibs) (K Ibs)
Montgomery 13-18 26.1 53 20.8
Montgomery 12-18 20.7 09 19.8
Montgomery 14-18 13.7 0.8 12.9

And, the ability to place the design quantities was obviously limited by

(a)  The reduced pump rate of 40 barrels per minute, which was

driven by a maximum tubular strength limitation of 6,500 psi.
(b) High leak off rates into the formation.
(c) In retrospect the inability of Halliburton to provide the design

pump rate primarily because of the significant CO, leaks and

the utilization of small diameter plungers compromised the

ability to place proppant.
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6.

h. Significant equipment problems with CO; leakage around the piston rods was
experienced. There were twelve Halliburton pumpers and the leakage became
so severe that they were not visible from the blender operators position. They

were shut down and partially remediated.

i Costs
The costs for the COy/sand stimulations (6 wells - 9 stages) was $407,462 or
$45,274 per stage. Cost advantages resulied from a major reduction in
pumping costs through the utilization of a locally available service company,
Halliburton Energy Services (IIES). The original bid was much greater and
also required a significant mobilization charge. To a lesser extent, a cost

savings for CO; of $7,380 was realized by utilizing another supplier.

j- Well specific data
Well Pmt # 42-105- | 5 Yr Prod Projt’d Stim
XXKX Type, Sxs, Bbls
Montgomery 02-17 10786 1,695.2
Montgomery 01-17 10785 . 1,100.2
Montgomery 03-15 |- 30742 814.4
Montgomery 07-1 6 31725 662.0
Montgomery 04-15 31021 510.9
Montgomery 05-18 31727 370.8
CO, 81,635
Montgomery 14-18 36987 153.6 CO, 129,538
CO; 104, 630
Montgomery 12-18 365989 120.8 CO, 198, 604
Montgomery 01-16 10101 i 65.8
CO, 242, 588
Montgomery 13-18 36988 26.7 CO, 208, 583

Test Area #1B - Block MM (Hoover-Hatton) — Single Stage Completions

Block MM has approximately the same areal extent and the productive intervals are

the lower G & H Canyon Sand intervals.
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The previous spacing was 80 acres which was, at the time, reduced to 40 subject to a

pending request. There were 25 producing wells in Block MM. Four CO,/Sand

stimulation sites were offered.

a.

Control Wells
There were 10 Control Wells:

Well Pmt # 42-105- 5 Yr Prod Projt’d
XXKX
1 Hatton 03-13 32174 4342
2 Hoover 04-07 34267 332.5
3 Anderson 01-14 32307 292.5
4 Hatton 01-14 32124 187.0
5 Hatton 02-08 32004 163.1
6 Hatton 04-08 32260 161.3
7 Hatton 03-14 32182 146.5
8 Hatton (01-08 32003 131.4
9 Hatton 02-13 32165 91.6
10 Hatton 01-13 32143 62.8
Candidate Wells

The three Candidate Wells and ten Control Wells were situated in test area

#1B and all were completed in the G & H Sands and stimulated with a single

stage CO,/sand treatment. The reservoir pressure was approximately 80 to

90% of the original and the EUR's have to exceed 300 million cubic feet of

gas equivalence (300 MMcf) to meet the operators minimum economic

hurdle.
Well Pmt # 42-105- 5 Yr Prod Projt’d
XXXX
1 | Hatton 13-14 36848 35.6
2 | Hatton 7C-7 36960 89.9
3 | Hatton 8C-4 36991 44.6
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(1)  Stimulation #1 - Candidate Well #1 - Hatton 13-14 (36848)
B A total 0f 13,900 Ibs of proppant were pumped at an average rate and
pressure of 34.0 (39-5) barrels per minute and 6,600 psirespectively.

The pumping operation was terminated because of a screen out. It was
. being pumped at 39 bpm and a good deal of CO,; leakage around the
piston rod packings (12 pumps) reduced the injection rate by an
estimated 5 bpm resulting in an actual through-wellhead rate of 34

bpm. The in zone proppant volume was estimated 5,600 pounds.

( (2)  Stimulation #2 - Candidate Well #2 - Hatton 7C-7 (36960)
» A total of 11,200 Ibs of proppant were pumped at an average rate and

pressure of 39.5 barrels per minute and 5,800 psi respectively. The in

zone proppant volume was estimated 10,200 pounds.

3) Stimulation #3 - Candidate Well #3 - Hatton 8C-4 (36991)
A total 0f 14,000 Ibs of proppant were pumped at an average rate and
pressure of 40.0 barrels per minute and 5,800 psi respectively. The in

1 zone proppant volume was estimated 11,700 pounds.

(4)  Stimulation Summary

. Sand (sacks) Max Tr Press | Avg Rate Sand Conc
' Well | Pumped | In-Zone Psi BPM Max Avg
13-14 139 56 7.400% 39.0 2.0 1.1
7C-7 112 102 6,050 39.5 1.0 0.8
8C-4 140 117 6,250 40.0 2.0 1.0
{ * Well equipped with P-110 casing
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c. Results
(1)  Production Comparisons
(a) Summary — Control Wells
The five year cumulative production from the ten Control
Wells ranged between 62.8 and 434.2 MMcf and averaged
200.3 MMcf.

Production - Canyon Sands (G & H)
Crockett Co, TX - Block MM (Hatton)- Sec’s 8, 13 & 14
10 Wells - 10 Stages
Stimulation: Gelled Water - w/100,000 - 200,000 Ibs Proppant/Stg
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(b) Summary — Candidate Wells

The five year cumulative production from the three Candidate
Wells ranged between 35.6 and 89.9 MMcf and averaged 56.7
MMcf.

Production - Canyon Sands (G & H)
Crockett Co, TX - Block MM (Hatton)- Sec's 7, 8, & 13
3 Wells - 3 Stages
Stimulation: CO,/Sand - 1 Stage - w/5,600 - 11,700 Ibs Proppant/Stg
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. (c) Summary Control and Candidate Wells

_ The production from the three Candidate Wells was
considerably less than that from the Control Wells. The

[ projected five year cumulative production ranged from35.6 to

89.9 MMcf and averaged 56.7 MMcf. That from the ten

Control Wells ranged from 62.8 to 434.2 MMcf and averaged
200.3 MMcf or 3.5 times that from the wells stimulated with
the liquid CO,/sand process.

Average Production - Canyon Sands (G & H)

[ Crockett Co, TX - Block MM (Hatton)- Sec's 1, 2, 3, 4, 7, 8, &13

B 10 Wells - 10 Stages

o Stimulation: Gelled Water {7 wells) - w/100,000 - 200,000 Ibs Proppant/Stg
CO,/Sand (3 wells) - wi5,600 - 11,700 Ibs
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d.

(1

2)

&)

)

~ Conclusions - Test Area #1B

Liquid COy/sand stimulations were somewhat successfully pumped in
the Canyon Sands. Although it had not been conclusively established
that they could be successfully pumped they were, but at considerably

reduced proppant volumes than the design.

The production from the three Candidate Wells was considerably less
than that from the Control Wells.

The projected five year cumulative production averaged 56.7 MMcf

while that from the ten Control Wells averaged 200.3 MMcf or 3.5
times that from the wells stimulated with the liquid CO,/sand process.

These poor responses from the wells stimulated with the COz/sand
process are unquestionably related to a number of factors regarding
the formation characteristics of permeability, and pressure, but to a

larger extent to the reduced proppant volumes placed by the liquid-
free treatments

The proppant volumes placed were much less than the design and
ranged from 5,600 to 11,700 pounds or approximately twelve percent
of that placed in conventional treatments. The actual volumes placed

in zone were:

Pumped Removed from well Net in zone

Well

(K 1bs) (K. Ibs) (K 1bs)

Hatton 13-14 1.39 8.3 5.6

Hoover 7C-7 11.2 1.0 10.2

Hatton 8C-4 14.0 23 11.7
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And, the ability to place the design quantities was obviously limited by

(5) The reduced pump rate of 40 barrels per minute, which was driven by
o : a maximum well head pressure of 6,500 psi.

(a)  High leak off rates into the formation.

After the tubing was installed, the production levels would not support the
additional expense of CO,/Sand stimulations, even if the well with poor
geology, 13-14, is eliminated.

e. Costs
The costs for the CO,/sand stimulations (6 wells - 9 stages) was $407,462 or
$45,274 per stage. Cost advantages resulted from a major reduction in
pumping costs through the utilization of a locally available service company,
Halliburton Energy Services (HES). The original bid was much greater and
also required a significant mobilization charge. To a lesser extent, a cost
savings for CO; of $7,380 was realized by utilizing another supplier.
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f Well Specific Data
5 Yr Prod 5 Yr Prod Prod
Well Pmt # 42-105- Proj Actual Mo Stim
Xxxx (MMcf) (MMcf) Type, Sxs, Bbls
Hatton 03-13 32174 434.2 449.6
Hoover 04-07 34267 332.5 255.7
Anderson 01-14 32307 292.5 173.0 40
Hatton 01-14 32124 187.0 199.4
Hatton 02-08 32004 163.1 166.9
Hatton 04-08 32260 161.3 150.1
Hatton 03-14 32182 146.5 160.0
Hatton 01-08 32003 131.4 109.7
Hatton 02-13 32165 91.6 89.9 _
Hatton 7C-7 36960 89.9 79.1 46 CO, 102, 640
Hatton 01-13 32143 62.8 65.3
Hatton 8C-4 36991 44.6 443 45 CO; 117, 659
Hatton 13-14 36848 35.6 23.8 45 CO,; 56, 466

7.

Conclusions Test Areas 1A & 1B

a.

With one exception, all nine stages, six on the Montgomery lease and three on
the Hatton leases were rate-limited to approximately 40-43 barrels per minute
because of the maximum allowable wellhead treating pressures of
approximately 6,200 psi. Forty barrels per minute is approaching the minimum

injection rates to reliably transport 20/40 size sand proppant.

The production from the Candidate Wells was disappointingly low:

(0 Test Area #1A - Block NG (Montgomery)
The projected five year cumulative production averaged 100.4 MMcf
while that from the seven Control Wells averaged 745.0 MMcfor 7.4
times that from the wells stimulated with the liquid CO»/sand process.
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Test Area #2 Block MM (Hoover)

The projected five year cumulative production averaged 56.7 MMcf
while that from the ten Control Wells averaged 200.3 MMcf or 3.5
times that from the wells stimulated with the liquid CO»/sand process.

These poor responses from the wells stimulated with the CO,/sand
process are unquestionably related to a number of factors regarding
the formation characteristics of permeability, and pressure, but to a

larger extent to the reduced proppant volumes placed by the liquid-

free treatments

The placed proppant volumes with the CO,/sand process were much

lower than the design volumes:

(a) Test Area #1A - Block NG (Montgomery)
The proppant volumes placed were much less than the design
and ranged from 8,100 to 24,200 pounds per stage. If the
lowest volume, 8,100 pounds is removed, the five stage range
wa§ 10,400 to 24,200 and averaged 17,600 pounds or
approximately tweive percent of that placed in conventional

treatments.
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The actual volumes placed in zone were:

Stage 1
Pumped Removed from well | Net in zone

Well (K 1bs) (K Ibs) (K 1bs)

Montgomery 13-18 26.5 2.3 24.2

Montgomery 12-18 25.0 14.6 10.4

Montgomery 14-18 11.5 3.4 8.1

Stage 2
Pumped Removed from well | Net in zone

Well (K Ibs) (K Ibs) (K 1bs)

Montgomery 13-18 26.1 5.3 20.8

Montgomery 12-18 20.7 0.9 19.8

Montgomery 14-18 13.7 0.8 12.9

i) The treatments are summarized
Sand (sacks}) Max Tr Press Avg Rate Sand Conc (Ib/gal)

Well Stg | Pumped In-Zone Psi BPM Max Avg
M#13 1 265 242 6,200 47.0 3.0 2.0
M#13 2 261 208 5,796 40.0 3.0 1.5
Mit12 i 250 104 6,500 40.0 2.0 1.4
M#12 2 207 198 6,100 43.0 2.0 1.6
Mit14 1 115 81 5,590 39.6 2.0 0.9
M#14 2 137 129 5,600 43.0 2.0 1.2

35



Fina! Report - Grp #’s 1A & 1B (Crockett Co, TX), Grp #2 (San Juan Co, NM), Grp #5 (Phillips Co,

MT), Grp #7 (Blaine Co, MT)
Contract #DE-AC21-94MC31199 "Field Testing & Optimization of CO,/Sand Fracturing Technology"

(b) Test Area #2 Block MM (Hoover)
The proppant volumes placed were much less than the design
and ranged from 5,600 to 11,700 pounds or approximately
twelve percent of that placed in conventional treatments. The

actual volumes placed in zone were:

Pumped Removed from well | Net in zone
Well (K Ibs) (K Ibs) (K Ibs)
Hatton 13-14 1.39 8.3 5.6
Hoover 7C-7 11.2 1.0 10.2
Hatton 8C-4 14.0 2.3 11.7

(5)  The ability to place the design quantities was obviously limited by:
(a) The reduced pump rate of 40 barrels per minute, which was
driven by a maximum well head pressure of 6,500 psi.

(b)  High leak off rates into the formation.

i) The treatments are summarized
Sand (sacks) Max Tr Press | Avg Rate Sand Conc {Ib/gal)
Well Pumped | In-Zone Psi BPM Max Avg
Hatton 13-14 139 56 7,400 39.0 2.0 1.1
Hoover 7C-7 112 102 6,050 30.5 1.0 0.8
Hatton 8C-4 140 117 6,250 40.0 2.0 1.0

(6)  The costs for the CO,/sand stimulations (6 wells - 9 stages) was
$407,462 or $45,274 per stage. Cost advantages resulted from a
major reduction in pumping costs through the utilization of a locally
available service company, Halliburton Energy Services (HES). The
original bid was much greater and also required a significant
mobilization charge. To a lesser extent, a cost savings for CO; of

$7.380 was realized by utilizing another supplier.
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In retrospect the inability of Halliburton to provide the design pump
rate primarily because of the significant CO; leaks and the utilization
of small diameter plungers compromised the ability to plaée proppant.

Significant equipment problems with CO; leakage around the piston
rods was experienced. There were twelve Halliburton pumpers and the
leakage became so severe that they were not visible from the blender

operators position. They were shut down and partially remediated.

Summarizing, the conclusion is that fracture lengths longer than those
which can be generated with CO,/Sand stimulations are required in

this area. It is too "tight".

The production from only one well, Montgomery #14, exceeded the
economic hurdle rate, the others are significantly below the economic
rate, the conclusion is that larger fracture lengths than can be
generated with CO,/Sand stimulations are required in this area. It is

too "tight".
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B. TEST AREA #2 — San Juan Co, NM - Package # 2 — 3 Stage / 3 Wells
1. Location A

Northeast New Mexico near the town of Blanco.

The Candidate Well(s) are completed in the Fruitland Coals which are an Upper
Cretaceous sequence of interbedded sandstones, siltstones, shale, and coal which lie a
depth 0f2,000-2,500 feet in the Test Area. The coals have thicknesses of 36-60 feet,
and the basal coal, Cahn, is 45 to 60 feet thick, and is the most productive. It along
with other overlying coal members were stimulated. The treated intervals ranged from
120 to 180 feet.

The Candidate Wells were considered to provide a good opportunity to demonstrate

the CO;\Sand stimulation process in a liquid-sensitive reservoir where the capillary

retention of stimulation liquids was known to be detrimental to gas production. And,
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if the treatments turned out to be successful, then the marginal nature of this portion

of this reservoir (Type 111) would become more economically attractive.

2. Operator — Amoco Production
In 1995 Amoco Production Company (Amoco) - now BP - had an active drilling
program in the Fruitland Coals in San Juan County, New Mexico and indicated a
strong interest in participating in the DOE’s cost shared demonstration project to
evaluate the potential of the liquid-free, CO»/Sand stimulation technology.
3. Reservoir
The Fruitland Coal wells on the Fairway are in an area designated as Type I and
typically produce up to 1,000 Mcf per day along with 10-50 barrels of water (GLR =
20-100 Mcf/bbl) from the reservoir at a pressure of 600-800 psi. To the north of the
Fairway in the Type II area the wells produce gas at 0-500 Mcf per day and 10-50
barrels of water (GLR = 25-50 Mcf/bbl).
Reservoir Pressure | Gasprod | Water GLR
Type | Location Poriginal Prow Mcfd Bwpd Mcif/bbl
I Fairway (FW) 1000 600-800 | >1000 10-50 20-100
11 NE of FW 1000 600-800 0-500 10-20 25-50
111 SW of FW (Target) 500 500 0-250 1-2 125-250
4. Producing Horizon - Type III Area

In the Type III area southwest of the Fairway where the Candidate Wells are situated,
the production is typically 0-250 Mcf per day and is essentially water free. The wells
can produce 1-2 barrels of liquid daily (GLR = 165 Mcf/bbl), sometimes mostly
condensate which may originate in the underlying Pictured CIiff Sandstone(PC).
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5. Reservoir Pressure and Temperature
The reservoir pressure and temperature in the area where the Candidate Wells are

situated is approximately 500 psi and 102 degrees Fahrenheit respectively.

Temp Total Depth
Well (°F) (ft)
Florance GCL-1 N/R 2,206
Florance Q-1 105 2,264
Riddle I-1 101 2,277

A review of the phase behavior at these temperatures and pressures confirmed that the
CO, would vaporize under these conditions. A phase diagram for each well group was

prepared and is not included here, but accompanies the report for that group

6. Control Wells

There were 6 Control Wells
Well Pmt # 30-045- | 5 Yr Prod Projt’d
XXXX
1 | Federal 32-17 28472 4452
2 | Sharp 21160 378.7
3 | Federal 23-17 28471 266.6
4 | Federal 42-16 28337 199.8
5 | Federal 28-08-30 28863 81.8
6 | Grambling A 21041 15.6
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a. The five year cumulative production from the six Control Wells ranged

between 15.6 and 445.2 MMcf and averaged 231.3 MMcf.

Production - Fruitiand Coal
San Juan Co, NM —- 28 - 08 Sec's 20 & 29
6 Wells - 6 Stages
Stimulation: N, Foam - 1 Stage
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7. " Candidate Wells
There were three Candidate Wells.

1¥ Yr Dly
Well* | Lease Pmt# | Prod (Mcfd)
3 Florance GCL1 | 29336 140
4 Florance Q1 29328 150
2 Riddle I1 29345 110
a. Perforation Strategy

The perforation placements were identified from the electric logs and
positioned at the coal intervals which have lower bulk densities. The

accompanying electric logs (Figures 7 to 9) indicate this placement technique.

Well Interval (ft) | Perfs

Riddle I-1 120 200

Florance GCL-1 180 316

Florance Q-1 158 288
b. Stimulations

(1)  Candidate Well #1 - Florance GCL-1 (29336)
A total of 9,800 Ibs of proppant were pumped in 137 bbls of CO; at
an average rate and pressure of 55.8 barrels per minute and 2,226 psi
respectively. Thé well screened out with 7,500 Ibs of proppant
through the perforations. The in zone proppant volume was estimated

7,500 pounds.
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3)

Candidate Well #2 — Florance Q-1 (29345)

An effort to increase the placed volume included increasing the pad
volume from 90 to 148 barrels along with an increase in the initial
sand concentration from 1.0 to 1.5 pounds per gallon (ppg). A total
sand-laden CO; volume of 101 bbls was pumped which was less than
the 137 pumped in the first well treated, Candidate Well #2, Florance
GCL-1.

A total of 6,200 Ibs of proppant was pumped at an average rate and
pressure of 55.8 barrels per minute and 2,145 psi respectively. The
maximum sand concentration was 1.9 lbs per gal, and averaged 1.5.

The in zone proppant volume was estimated 4,800 pounds.

Candidate Well #3 - Riddle I-1 (29328)
The treatment was modified and it was considerably more successful

in that 130 sacks of sand were placed in zone.

A total of 15,200 Ibs of proppant was pumped at an average rate and
pressure of 50.0 barrels per minute and 2,517 psi respectively.

The increased sand volume which was placed in this well is likely

result of:
(@)  The reduced number of perforations 200 vs. 288 and 316 in
the other two Candidate Wells

(b)  The introduction of a 20 bbl 0.5ppg sand slug in the middle of
the pad

(¢)  Maintaining a reduced sand concentration of 0.75 ppg.
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c. Stimulation Summary
(1)  All three wells screened out and the treatments were terminated.
Following the screen out of the first treatment the pad volume was
increased from 90 to 148 bbls and the starting sand concentration
increased from 1.0 to 1.5 ppg vet a lesser in zone proppant volume
resulted. This response indicates that increasing the pad volume
provides no benefit, and that the ability to transport sand at

concentrations of 1.0 ppg or greater is unlikely.

(2)  The largest sand volume was placed in the third treatment, Riddle I-1
which included a 20bbl - 0.5ppg sand shug in the pad and a reduced

sand concentration of 0.75 ppg.

3) A contributing factor is believed to be the large number of
perforations (200 to 316).

@ The "in-zone" sand volumes and other specifics were:

Sand (sacks) Max Tr Press | Avg Rate | Sand Conc (Ib/gal)
Well Perfs | Pumped | In-Zone Psi BPM Max Avg
Riddle I-1 200 152 130 4,702 50.0 1.9 0.8
Florance GCL-1 | 316 o8 75 3,576 55.8 2.5 1.6
Florance Q-1 288 62 48 4,100 55.8 1.9 1.5
(5)  There was inter-zonal communication between the Fruitland Coal and

the Pictured Cliff Sandstone.
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When stimulating all three of the Candidate Wells there were increases

in production and/or casing pressure in the offset wells (on the same

location) as the CO, treatments were being pumped.

These offset wells were completed in the Pictured Cliff Sandstone, but
not the Fruitland Coals.

(a)

(b)

(c)

Florance GCL-1

The casing pressure in the offset well increased from 148 to
185 psi, and the production increased from 158 to 165 Mcf
per day indicating the communication with the Candidate

Well.

Florance Q-1

The casing pressure in the offset well increased from 144 to
160 psi, and the production increased from 130 to 138 Mcf
per day indicating the communication with the Candidate

Well,

Riddle I-1

The casing pressure in the offset well increased from 127 to
460 psi, and the production increased from 190 to 420 Mcf
per day indicating the communication with the Candidate
Well. Additionally, a gas sample was obtained following the
treatment and was reported to contain 44% CO,, indicating
communication between these formations. The offset well was
perforated in the basal section (Cahn) of the Fruitland Coal.
The Candidate Well was not.

45



Final Report - Grp #’s 1A & 1B (Crockett Co, TX), Grp #2 (San Juan Co, NM), Grp #5 (Phillips Co,
MT), Grp #7 (Blaine Co, MT)
Contract #DE-AC21-94MC31199 "Field Testing & Optimization of CO,/Sand Fracturing Technology"

8. Results
a. Production Comparisons
(1)  Summary — Control Wells
The five year cumulative production from the six Control Wells
ranged between 15.6 and 445.2 MMcf and averaged 231.3 MMcf.

Production - Fruitland Coal
San Juan Co, NM -- 28 - 08 Sec's 20 & 29
6 Wells - 6 Stages
Stimulation: N, Foam - 1 Stage
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(2)  Production Summary — Candidate Wells
! The five year cumulative production from the three Candidate Wells
ranged between 65.3 and 141.9 MMcf and averaged 91.3 MMecf.

Production - Fruitland Coal
San Juan Co, NM -- 28 - 08 Sec's 20 & 29
3 Wells - 3 Stages
Stimulation: CO2/Sand - 1 Stage - w/4,800 - 13,000 Ibs
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(3)  Summary Control and Candidate Wells
The five year cumulative production volumes from the three
Candidate Wells ranged from 65.3 to 141.9 averaging 91.3 MMcfor
39 percent that of the six Control Wells.

These poor responses from the wells stimulated with the COy/sand process are
unquestionably related to a number of factors regarding the formation characteristics
of permeability and pressure, but to a larger extent to the reduced proppant volumes
placed by the liquid-free treatments. In the test area, the conventionally stimulated
wells were stimulated with 70-75q nitrogen foam containing 250,000 pounds of sand,
or The proppant volumes placed were much less than the design and ranged from
4,800 to 13,000 pounds and averaged 8,433 Ibs or approximately three percent (3%)
of that placed in conventional treatments.

Production - Fruitland Coal
San Juan Co, NM - 28 - 08 Sec's 8, 17, 20, 21, & 30
9 Wells - 9 Stages
Stimulation: N2 Foam (6 wells)
CO2 /Sand (3 wells) - wi5,600 - 11,700 Ibs Proppant
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b. Costs
(1)  Projected

The projected costs for stimulating these wells with 120 tons of liquid
CO; and 490,320 pounds of sand were:

Wells 3 4
‘ Totals $178,340 $236,200
b
(2)  Actual
The actual costs for the CO,/sand stimulations were:
01/22/96 Cost Summary Page 1 of I
Riddle Florance Florance
Number I-1 GCL. #1 0-1
Pumping (${UWS) 19,660 19,139 16,791
N2 (HES) 1,695 3,632 2,044
Sand (HES) 2,046 891 705
i Misc
{ 23,401 23,661 19,540 66,603
C02 (BOC) 6,654 7,447 8,186
i CO2-Portables (BOC) 1,200 1,200 1,200
Mob (BOC) 2,000 2,000 2,000
) Blender (UWS) 6,000 6,000 6,000
‘ Tube Trailer (UWS) 5,500 5.500 5,500
f 21,354 22,147 22,886 66,386
e Mob,Per Diem (UWS) 2,080 9,600
. Trucking
‘ ? Mob,Per Diem (UWS) 2.840
L Misc
2,080 12,440 0 14,520
Total 46,835 58,248 42.426 147,509
E H -
B c. Conclusions

(1)  The projected five year cumulative production ranged from the three
Candidate Wells ranged from 65.3 to 141.9 MMcfand averaged 91.3
. MMcf while that from the six Control Wells ranged between 15.6 and
445.2 MMecf averaging 231.3 MMcfor 2.5 times that from the wells.
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(2)  The cost of the conventional treatments was not disclosed but it is
evident that the inability to place increased proppant volumes with the
liquid COu/sand process irrespective of the cost resulted in a
significant advantage of the conventional treatments because of the

larger production rates.

(3) These poor responses from the wells stimulated with the COy/sand
process are unquestionably related to a number of factors regarding
the formation characteristics of permeability, and pressure, but to a

larger extent to the reduced proppant volumes placed by the liquid-

free treatments

d. Well specific data

5 Yr Prod
Well Pmt # 30-045- Projt’d Stim
XXXX Type, Sxs, Bbls

Federal 32-17 28472 4452
Sharp 21160 378.7
Federal 23-17 28471 266.6
Federal 42-16 28337 199.8
Florance GCL 1 29336 141.9 CO; 75,227
Federal 28-08-30 28863 81.8
Florance Q1 29345 66.6 CO, 48,249
Riddle I-1 29328 65.3 CO, 130, 513
Grambling A 21041 15.6

The cost of the liquid CO; treatments averaged $49,170 per well (1
stage), and the five year cumulative production averaged 91.3MMcf
or $0.54 per MCF. The stimulation costs for the conventional

treatments was not disclosed by Amoco.
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The placed proppant volumes obtained in the liquid CO, treatments
was only on the order of three percent (3%) of that placed with
conventional treatments, and although the production from the liquid
CO, stimulations averaged 39 percent of that from the conventionally
stimulated wells suggesting that production parity could be obtained
if larger proppant volumes were pumped with the CO/sand
treatments, this ability is presently considered to be unrealistic.

C. TEST AREA #3 - Phillips Co, Mt - Package # 5 — 3 Stages /3 Wells

1. Location
The fourth group of wells to be treated are situated within the Williston Basin in

Phillips County near the town of Saco in north-central Montana.

The test area was located in the northern most segments of WBI’s Bowdoin Dome
drilling boundaries and is approximately rectangular with dimensions of 2-1/2 by 3
miles. It is nine miles northwest of the town of Saco and three miles north of the
Nelson reservoir. It includes seven sections within townships 32N and 33N and Range
32E. It included the three Candidate Wells, #s 1019, 1020, and 1021, and at the time
of the test, sixteen Control Wells consisting of nine existing wells and seven new wells

all of which were stimulated with nitrogen Foam.
e .
QL_‘ 3

T -u

\,w
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Operator

Fidelity Exploration & Production Co (formerly Williston Basin Interstate Pipeline
Company (WBI) - subsidiaries of MDU Resources) was the operator of a large
number of wells in the Bowdoin Dome in Phillips County, Montana.

Reservoir

The Phillips Sands constitute a volumetric drive reservoir with minimal water
production. The in-place gas reserves range from 30 to 60 Mcf per acre foot which
results in calculated producible reserves within the test area ranging between 175 and
400 MMcf per well. The annual decline rates range from 15 to 20 percent following a
two to three month period of higher rate “flush production”. Typical water production
rates are as much as, but generally less than one barrel per month. The water is
discharged into and quickly evaporates from an earthen pit. The majority of the pits
show little if any indication of ever containing produced water. Within the test area
the reservoir pressure, as measured by shut-in wellhead pressures ranges from 287 to
396 psi '

Producing Horizon

The Bowdoin Dome is within the Williston Basin and is centered in Ph]]hps County,
Montana, approximately 50 miles west of the Ft. Peck Indian Reservation. It has been
producing natural gas in commercial quantities since the 1920's from several Upper

Cretaceous age formations, the Lower Phillips Sandstone being the deepest.

It along with the Upper Phillips are the producing formations in the three Candidate
Wells which are the focus of this demonstration. These wells produced from the
Phillips Sandstone, a shallow (1,200 ft), lower pressure (300 psi) Upper Cretaceous
formation that was suspected of being damaged by conventional N; Foam stimulation

procedures.

1t had been estimated that 81% of the spent stimulation liquids remain in the Phillips
and that these liquids could be damaging the reservoir and reducing the gas producing
potential.
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a. Reservoir Pressure and Temperature
Generally the reservoir pressure and temperature are 300 psi and 70°F and the
pipeline pressure is approximately 100 psi.
b. Gas properties
The gas composition is 93% methane, 6% nitrogen, and 1% other gases,
which results in a biogenic gas with a calorific value of 950 BTU per cubic
foot.
C. Sensitivity to Stimulation Liquids
The Control Wells were stimulated with 65 quality nitrogen Foam. Because of
the liquid sensitive nature, lower pressure of these formations, and the
reduced volume of the stimulation load water returned, which has been
estimated to be 81%, it was suspected that the advantages of a liquid-free
stimulation could result in an economic benefit.
5. Control Wells
The production projections were based on the observations made from the produced
volumes from the nearby Control Wells which were all perforated in both the Upper
and Lower Phillips Sand members-Cumulative for Months 2 through 13.
Control Wells (N, Foam)
Existing Wells (Stimulated Prior to 07/98)
APl # Cum Prod (MMcf)
Well #| Twp | Rge | Sec | Quad | 25-071- Month 2 Month 13| Month 2-13
972| 33N | 32E | 27 | NW 22267 1.046 25.433 24.387
973| 33N | 32E | 32 SE 22268 1.187 80.759 79.572
974 33N | 32E | 33 | NE 22269 0.874 55.875 55.001
976 33N | 32E | 35 | NW 22272 0.441 56.654 56.213
990] 32N | 32E | 02 | NW 22275 12.699 83.790 71.091
991| 32N | 32E | 01 | NE 22279 0.158 63.894 54.736
997 33N | 32E | 32 | NE 22287 27777 32.568 32.568
1000] 32N | 32E | 02 SE 22283 10.880 71.401 60.521
1002] 33N | 32E | 33 SE 22288 9.671 66.678 57.007
Avg (n=8) 57316
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6. Candidate Wells
The Candidate Wells were selected on the basis of their representative nature and
position within the field, distance from an established reservoir boundary, and their

proximity to conventionally stimulated Control Wells.

There was no difficulty encountered in placing the smaller proppant in the first
treatment and, as planned, efforts were made to obtain 12/20 proppant which was
being stored nearby and at the time being utilized by another service company in the
execution of the N; Foam stimulations on other WBI wells. Unfortunately, although
the proppant was available and dedicated to WBI, the other service company,
Halliburton Energy Services would not make it available presumably because the
COy/sand stimulations were being performed by a competing service company,

Canadian Fracmaster.

The conventional stimulations utilize approximately the same proppant volume as that
for a CO,/sand treatment although of a larger size (12/20 vs. 20/40). The similarities
of the proppant volumes resulted in a like comparison of the production resulting

from the two stimulation types.

It should be noted that upon review and comparison of the production histories that
there is a question as to whether the production rates from the CO,/sand stimulations
would have been greater and especially more variable if the larger proppant had been

used.

7. Success criteria
Upon review of the production responses from the conventionally stimulated wells
drilled prior to July, 98 it was agreed that, based upon the available information, the
criteria success would be realized if the cumulative production for months 2 through |
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13 would be 50 MMcfif they were conventionally stimulated with nitrogen Foam and

40,000 pounds of proppant.

By mutual agreement it was agreed that this should serve as the measure by which the

evaluation of the CO,/sand stimulations would be judged.

Cum Prod Months 2-13
Well # (MMcf)
1019 50
1020 50
1021 50
8. Stimulations
a. Stimulation #1 — Well # 1021 (Candidate Well #1)

The first well stimulated with CO,/sand was well #1021. It was stimulated
with 44,100 Ibs of 20/40 API specification proppant and 103 tons of liquid
CO,. The treatment consisted of a total of 536 Barrels of liquid CO, pumped
at an average rate of 45.3 barrels per minute and an average pressure of 943
psi and a maximum of 1740 psi. The treatment design was to intentionally
under flush to provide a proppant packed fracture to the well bore and an
estimated quantity of 700 lbs was left in the casing - leaving an in-zone total

01 43,400 lbs.

Stimulation #2 — Well # 1020 (Candidate Well #2)

The second well stimulated with CO,/sand was well #1020. It was stimulated
with 44,100 Ibs of 20/40 API specification proppant and 86 tons of liquid
CO,. The treatment consisted of a total of 447 Barrels of liquid CO, pumped
at an average rate of 45.9 barrels per minute and an average pressure of 870
psi and a maximum of 1,363 psi. An in-zone total of 43,400 Ibs of proppant

was placed.
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9.

Costs

Stimulation #3 — Well # 1019 (Candidate Well #3)

The third well stimulated with CO,/sand was well #1019. It was stimulated
with 32,100 Ibs of 20/40 API specification proppant and 62 tons of liquid
CO,. The treatment consisted of a total of 321 barrels of liquid CO, pumped
at an average rate of 40.9 barrels per minute and an average pressure of 754

psi and a maximum, at screen out, of 2,886 psi.

This last treatment did screen out as the sand concentration was increased and
the sand concentration at the perforations was 5.2 ppg - the recorded sand
loading at the surface was 8.2 pounds per gallon at the tail end of the
treatment. This design was intentional to determine the maximum sand
acceptance loading. In reality, without being able to discern it, it appears that
the likely maximum sand concentration of approximately 5 ppg was
approached during the first treatment. An estimated quantity of 4,400 Ibs
(300 i) was left in the well bore above the perforations.

Conventional Stimulation

The cost of typical nitrogen foam stimulation in July 1998, at the time of the
test was $18,500 including nitrogen. The cost was reported earlier as $25,000
which included $5,000 for nitrogen and was initia]ly. used to project the

required ratio for an economic success.
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b. C0,/Sand Stimulation

The projected costs for stimulating these wells with CO»/sand was:

Equipment $16,053.79
Materials 35,957.65
P CO;, incl
] 52,011.44
7 Computer Control 1,080.00
[ Report 427.50
L 53,518.94
. 3 Wells 160,556.82
| Mobilization 17.500.00
s 178,056.82
Per Well (+ 3) 59,352.27
Cost to WBI 29,676.14
“ Cost to DOE 29,676.13
. $59,352.27
3
o C. Projected vs. Actual
|
[ The actual costs for the treatments was less than projected primarily because
of reduced CO, volumes as a result of the accelerated sand schedules.
; Costs Stimulation | Isolation Tool Total
. Projected 178,056.82 6,333.00 184,389.82
Actual 161.871.10 6.543.00 168.414.10
[ Differences (16,185.72) 210.00 | (15,975.72)
10.  Results
a. Production Comparisons
It was readily apparent that the cumulative gas production for months two
L through thirteen from all of the new wells, drilled within the control area in
1998 were less than those drilled previously. Consequently the production has
L been tabulated in three stimulation type groups:
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¥ (1) N, Foam - Pre July 1998 (Control Wells)
(2) N, Foam -July1998  (Control Wells)
(3) COy/Sand - July 1998  (Candidate Wells)

L The average cumulative gas productions from each of these groups has been
. plotted and it dramatically indicates the superiority of the production from the
L pre 98 wells.

= The cumulative production averages from both of the 98 Control (Group 2)
and Candidate Wells (Group 3) are identical and considerably less than those
drilled prior to 98 (Group 1).
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11.

12.

It was determined later that the reduced production from the wells completed
after 1998 was a result of reduced well spacing and reduced reservoir

pressurc.

A potential explanation is that the larger proppant size, 12/20 and greater sand
concentration, 12 pounds per gallon utilized on the N; Foam stimulations may
be offsetting proppant embedment? That is, that the smaller proppant (20/40)
and the reduced proppant loading utilized for the CO,/sand stimulations was

resulting in a smaller propped fracture width.

Proppant size

Because there is some question as to whether the size of the proppant utilized in the
stimulations may impact the production rates a review of the different size proppants
used in twenty wells within the Bowdoin Field was made. The cumulative production
was compared by utilizing the following information:

Number of Wells
Proppant Size
Stim Type 08/16 12/20 20/40
N; Foam: 8 9
CO,/Sand: 3

Conclusions

a. Full proppant volume (40,000 pound) CO»/sand stimulations were easily
executed in the Phillips Sand in the Phillips Co, Montana test area

b. The maximum sand concentration for CO,/sand stimulations being pumped at

40 barrels per minute is approximately 5 pounds per gallon. The first well
stimulated (1019) accepted 5.9 ppg without any indications of rejection. For
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design purposes a maximum proppant loading for 40,000 Ibs of 20/40 mesh
proppant pumped at 40 bpm is 5 ppg.

c. The criteria for success was that the cumulative production from months two
| through thirteen had to exceed 50 MMcf. This hurdle was based on the
production from other nearby wells which were drilled prior to 1998 and also
| perforated in both the Upper and Lower Phillips Sandstone members.
| Only one of the ten wells stimulated in 1998, 1013 met this success criteria.

d. The twenty-four month cumulative production volumes from the wells
§ stimulated with the liquid-free CO,/sand process are essentially the same as
0 that from the Control Wells treated with N; Foam and utilizing the same
L 40,000 pound proppant volume.

3 e. There is a suspicion that the wells which were stimulated with CO./sand are
| being choked by limited conductivity in the hydraulically created fracture,
probably as a consequence of the smaller proppant size used (20/40 vs.
. 12/20). This is based on the observation of the nearly identical monthly

production volumes from all three Candidate Wells. And, also on the
j production comparisons of twenty nearby wells which utilized larger

proppant.
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D. TEST AREA #4 - Blaine Co, Mt - Package # 7 — 4 Stages / 4 Wells

1.

Location

Blaine County is situated in north-central Montana and is bounded on the north by
Saskatchewan. The Tiger Ridge Field where the demonstration tests were located is
north of the Bear Paw Mountains within Township 30N-Range 18E near the town of

Havre.

QOperator
QOcean Energy, Inc. (Ocean) was the largest gas producing company in Montana and
was the operator of record for approximately 650 producing gas wells in the north-

central area of the state, southeast of Havre

Reservoir
a. Porosity Permeability, Thickness, and EUR
The porosity ranges from 15 to 25 percent with permeability’s ranging from 10
| to 60 md and the completed thickness for both the Upper and Middle Eagle
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Sands approaches 100 feet, depending on the gas/water contact. The newer
wells produce approximately 150 Mcf daily and have EUR's on the order of
400 MMcf. Older wells which were drilled at virgin pressure had EUR’s
ranging generally up to 2BCF.

Reservoir Pressure and Temperature

The lower pressure reservoir portions where the Candidate Wells are located
are in the Tiger Ridge field which is north of the Bear Paw mountains. This
lower pressure section has been extensively drilled, and is now pressure
depleted (225 psi). It generally will not clean up following the liquid-based
stimulation treatments. Whereas the areas south of the Bear Paw mountains
have significantly greater pressure, 500 psi, and can be successfully stimulated

with nitrogen foam.

The reservoir pressure as measured by shut-in wellhead pressures in the

Candidate Wells ranges from 175 to 297 psi in the test area:

Well S-# Pi (Psi)
T30N-RI18E

S-B Ranch 02-05 N/A
Blackwood 06-09 222
Kane 05-08 175
Kane 05-05 297
Kane 04-12 204
S-B Ranch 02-11 225

And, the reservoir temperature is approximately 70 degrees F.
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c. Gas Properties
The gas composition is made up of methane, ethane, and nitrogen. There are

no sulfur gases nor carbon dioxide present:

Component Mol pet
C;H, 96.5
CiHg 0.5
N; : 3.0
Sulfur Compounds 0.0
Total 100.0

which results in a biogenic gas with a calorific value of 983 BTU per cubic

foot (wet basis).

4. Producing Horizon
These wells produce from a shallow, 1,500 to 2,000 feet Upper Cretaceous formation
(Eagle Sandstone) which in certain pressure depleted segments of the Tiger Ridge
field is irreversibly damaged By the liquids used in conventional nitrogen foam

stimulations.

5. Sensitivity to Stimulation Liquids
This reduced pressure, relatively* dry gas reservoir has a long history of being
successfully stimulated with conventional water-based stimulations. Unfortunately,
because of the reduced reservoir pressure, the spent stimulation liquids remain in the
formation for an extended period and thereby reduce the permeability to gas. The
sensitivity of this reservoir to liquids is a consequence of the inability of the reduced
pressure to displace the stimulation liquids as opposed to the more conventional

conditions of formations reactivity such as swelling shale.
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* The completion practices are to perforate the Upper Eagle and the Middle Eagle
Sand above any liquid as indicated by the electric logs. The wells do produce very
slight volumes of water which are lifted with velocity strings, and any entrained liquid
is carried in the gas and does not collect in the separators nor is there any liquid in the
tanks.

6. Control Wells

There were no Control Wells included in this effort because the Candidate Wells were
actively producing wells which enabled both the pre- and post-stimulation production

rates to be measured and compared.

This approach is unique to this effort because in the past the producing wells had been
previously stimulated with liquid-based treatments and the reservoir was considered to
be damaged by these stimulation liquids. Consequently, the CO,/Sand stimulations
had to be performed in new, unstimulated wells and, the existing previously stimulated
wells served as the Control Wells to which the production responses were compared.

This approach in measuring the pre- and post-stimulation response from wells which

have never been stimulated is superior to that which utilized the Control Wells
because the well specific variables of porosity, thickness, etc. are eliminated.
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7. Candidate Wells

There were four Candidate Wells, They are listed in the order considered by Oceanto
provide the greatest opportunity to demonstrate and evaluate the effectiveness of the
; CO,/Sand stimulation technology, that is, the S-B Ranch 02-05 is considered to be the
most desirable for stimulation. (Ultimately Blackwood 06-09 had the largest
incremental improvement of 54.1 MMcf following 22 producing months following the

stimulation).
Well Stim Type Rem Skin Prod Pi
. | LwrEagle . .
‘| TICN-RIBE | S-# Upr Eagle Perfs Mid Eagle Perfs Perfs PB Req'd Sxs, Bbls MMecf Mefd Psi
1120-1202 1222-1260 1220— 1283-1290
| S-B Ranch (02-05 1134-1197w/12 1261w/ 8 None No None 484345 | TBD 35 170
i 1359-1334 1436-1502 1515-1538
Kane 05-08 1362-1380w/22 1388-1408w/ 26 None Yes@1420 None 359000 | +2.00 | 100 175
1094-1142 1168-1233 1283-1290
Kane 05-05 1110-1136w/42. 1170-1220w/ 74 None Yes@1150 None 96.700 | +12.9 60 297
1142-1188 1241-1288 1302-1328
Blackwood | 06-09 1144-1147w/20 1156-1162w/ 18 None No None 986.500 | +2.83 | 220 222

a. Completion
The completion technique was to set and cement casing, generally 4-1/2 in,
through the Eagle Sands, run electric logs to determine the gas/water contact,

and perforate above it. Generally, the Upper Eagle and upper section of the

Middle Eagle were perforated. No stimulations were generally performed

because the reservoir pressure (225 psi) was insufficient to expel the spent

stimulation liquids

b. Perforation Strategy

The design criteria was to limit the number of perforations to a maximum of

40. Because of the large number of perforations in three of the Candidates,

; and the associated concern regarding an insufficient transport velocity, the
design included temporarily plugging-off the lower perforations during the

stimulation.
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| well ]T,;’:_t?;'
| T3ON-RISE | S-# | UprFaglePerls | MidEagloPerfs | ™7 o28¢ | pBReqd Addl | Duing
| | $-BRanch | 02-05 11;2?;;%1(\]3'12 12;(%3%;521?3’ 8 12?;:]1290 No 20 40
[ Lot e TS v | a4 | o
| Kane 05-05 111182?%:5342 11715-‘}82-213\1? 74 12;;3;1]:90 Yes@1150 4 42

- Blackwood | 06-09 11j£12;:1]7§320 11;2—4111‘6];2?18 13(1112;;228 No 0 38

Production Review and Projections

All four of the proposed Candidate Wells produce from both the Upper and
Middle Eagle Sand members. None were perforated in the Lower Eagle.
Three of the Candidate Wells contained a large nurober of perforations which

were considered to be too many and for the CO»/Sand process.

This was because the proppant transport rate into the individual perforations
would be insufficient to transport the proppant and would increase the

likelihood of a screen out.

The wells were rank-ordered by Ocean in their recommended sequence which
was believed to provide the most benefit. This rank ordering results in the
plugging of the Lower Eagle Sand in the wells which are ranked 3, 4, and 5,
which almost dictates that at least one of the three Candidates will require

plugging of the Middle Eagle and treating the Upper sand member only.
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Well

Prod

T30N-R18E

S-#

Upr Eagle Perfs

Mid Eagle Perfs

Lwr Eagle Perfs

PB Req'd

(Mcfid)

S-B Ranch

02-05

1120-1202
1134-1197w/12

1222-1260
1220-1261w/ 8

1283-1290
None

No

35

Kane

05-08

1359-1334
1362-1380w/22

1436-1502
1388-1408w/ 26

1515-1538
None

Yes@1420

100

Kane

05-05

1094-1142
1110-1136w/42

1168-1233
1170-1220w/ 74

1283-1290
None

Yes@1150

60

Blackwood

06-09

1142-1188
1144-1147w/20

1241-1288
1156-1162w/ 18

1302-1328
None

Yes

220

In order to properly measure the production response associated with the
CO,/Sand treatment, a producing period sufficient to eliminate the production
from the un stimulated interval (Middle Eagle) was agreed to.

Ocean installed the temporary plugs immediately before the stimulation and
then removed it after 22 months following the CO,/Sand stimulation. This
procedure allowed for the stimulation of only the Upper Eagle while
comparing the post-stimulation production from both the Upper and Middle
Sands.

The production histories for the Candidate Wells were plotted and
accompanied the submittal package to the DOE. The production rates for
each well was identified, and used as an input to determine the minimum

annual post-stimulation production necessary to achieve an economic success.

Success Criteria

The evaluation was conducted within a controlled setting to enable an objective

assessment of the production responses resulting from these stimulations to be made.

The Candidate Wells had been completed in the target formation and were selected on

the basis of their upside potential for production rate improvement, a commercial
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volume of remaining reserves, and mechanical suitability for this demonstration

(number of perforations & tubing diameter). The proposed Candidates had a

sufficient background production history to provide the basis for comparing the post-

stimulation production rates following the CO,/Sand stimulations.

The completion, remaining production, and some reservoir properties of the

Candidate Wells were obtained and are summarized as:

i_r’el] S-# T Upr Eagle Mid Eagle Lwr Eagle PB Req'd H,O | Stim Type Rem Skin Prod Pi p*
N °F Perss Perfs Perfs Lvl | Sxs,Bbls | MMef Mcfd | Psi | Psi
1 TSON-R] 8E
: 72 1120-1202 1222-1260 1283-1290
-~ :-B Ranch 02-05 1134-1197wi12 1220-1261w/ 8 None No TBD | None 484.345 TBD 35 17¢ | TBD
72 1359-1334 1436-1502 1515-1538
i ]Sa.ne 05-08 1362-1380W/22 1388-1408w/ 26 Nome Yes@1420 TBD | None 359.000 | +2.00 100 175 95
i 72 1094-1142 1168-1233 1283-1290
iane 05-05 1110-1136w/42 1170-1220w] 74 None Yes@1150 TBD | None 96.700 | +12.9 60 297 | 835
72 1142-1188 1241-1288 1302-1328
]?lackwood 06-09 1144-1147w/20 1156-1162w/ 18 None No TBD | None 986.500 | +2.83 220 222 114

R
[

The criteria for success has been developed for each Candidate Well and was based on

the following assumptions:

An economic success required that the cost benefit associated with the

production rates resulting from the CO,/Sand stimulations will bave to exceed

the pre-stimulation production revenues by a discounted cash flow which

equals or exceeds the cost of the treatment

Capital cost for the CO,/Sand stimulation treatment: $86,000. This was a

previous estimate which was at the time considered to likely be greater than

the actual cost. In that event the production hurdle rates will be recalculated

using the actual treatment cost.
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c. Market price: $2.50/dth — fixed

d.  Calorific value: | 1000 BTU/CF

e. Discount rate: 25%

f Production decline rate: Variable and driven by the production

projections supplied by Ocean.
The evaluation was not further burdened by
the operating expenses because they are
presently being incurred and would be the
same irrespective of the treatment.
These inputs were used to determine the following total uninterrupted and
unencumbered minimum annual production volumes as indicated below, necessary for

an economic success.

The methodology was to project the production from the historical production rates
for each well, and then to add an incremental production rate to compensate for the
cost of the treatment. The total of these two components, the projected production
rate and the incremental value to offset the stimulation cost, equals the minimum total

production rate required for an economic success.

The individual production projections and the incremental rates necessary to provide
the discounted cash flow have been calculated on an annual basis, for five years and

are included in the individual well sections, and are summarized:

T30N-R18E Yrl . Yr2 Yr3 Yr4 Yr5 Total
Well #-8 (MMcf) (MMcf) (MMcf) (MMcf) (MMcf) (MMcf)
From: 06/01/02 | 06/01/03 | 06/01/04 | 06/01/05 06/01/06 06/01/02
Through: 05/31/03 05/31/04 | 05/31/05 05/31/06 | 05/31/07 05/31/07
S-B Ranch 02-05 25,199 21,421 18,208 15,474 13,153 93,455
Kane 05-08 47,626 42,501 37,927 33,845 30,203 192,102
Kane 05-05 33,063 24,485 18,134 13,428 9,944 99,054
Blackwood 06-09 90,383 85,593 81,057 76,761 72,692 406,486
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Ocean concurred that these production projections will serve as the basis for

establishing the success criteria, and if the actual production volumes from these

Candidate Wells exceed these tabulated annual production volumes, subject to

adjustments for any non-producing intervals, then Ocean agreed that the CO,/Sand

stimulation process will have resulted in an economic benefit.

9. Stimulations

a.

Stimulation #1 — S-B Ranch 02-05 (25-041-22955) (Candidate Well # 1)
A total of 10,300 Ibs of proppant and 432 bbls (83 Tons) of CO, were
pumped at an average rate and pressure of 37.8 barrels per minute and 2,318

psi respectively.

The treatment screened out at a sand concentration of 2.4 ppg with 1,800 Ibs

of proppant in the wellbore leaving 8,500 Ibs of proppant in-zone.

Stimulation #2 - Kane 05-08 (25-041-22279) (Candidate Well # 2)
A total of 27,300 Ibs of proppant and 835 bbls (161 Tons) of CO, were
pumped at an average rate and pressure of 31.0 barrels per minute and 3,032

psi respectively. The in zone proppant volume was estimated 24,900 pounds.

Stimulation #3 - Kane 05-05 (25-041-22557) (Candidate Well # 3)
A total of 23,800 lbs of proppant and 815 bbls (157 Tons) of CO; were
pumped at an average rate and pressure of 46.0 barrels per minute and 2,581

psi respectively. The in zone proppant volume was estimated 21,800 pounds.

Stimulation #4 — Blackwood 06-09 (25-041-22161) (Candidate Well # 4)
A total of 10,600 Ibs of proppant and 633 bbls (122 Tons) of CO, were
pumped at an average rate and pressure of 20.0 barrels per minute and 3,321

psi respectively. The in zone proppant volume was estimated 10,400 pounds.
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e. Stimulation Summary

The stimulation specifics of the four Candidate Wells are summarized:

CO, Sand (Ibs) - Max Tr | Avg Rate Sand Conc
Well #-S | Bbls | Pumped In-Zone Psi BPM Max Avg
S-B Ranch | 02-05 | 432 10,300 8,500 3.115 37.8 24 1.2
Kane 05-08 | 835 27,360 24,900 3,147 31.0 2.3 1.0
Kane 05-05 | 815 23,800 21,800 3,495 46.0 2.4 0.9
Blackwood | 06-09 | 633 10,600 10,400 3,408 20.0 1.3 0.6
10.  Results
a. Production Comparisons - Pre and Post Stimulation

(1) Pre-Stimulation
The pre-stimulation production from the four Candidate Wells was
extrapolated to project the future production, and these projections
served as the basis to which the production following the stimulations

was compared. The projected post-stimulation volumes ranged from
14.7 to 92.7 MMcf and averaged 41.4 MMecf through July, 2004.

Projected Post-Stim Production - Based on Pre-Stim Prod
Blaine Co, MT (T30N-R18E)
Stimulation: CO,/Sand

1000 EZZz:Z

100 k-

..... & == = i - - SEmulatd 08U - -
1 V@

Cum Prod (MMcf), Prod (Mcf/D)

o §-B Ranch 85 Sxs (14.7MMcf) o Kana 05-05 218 Sxs 0{18.4MM¢?
X Kane 05-08 248 Sxs (39.6MMcl} o Balckwood 06-09 104 Sxs {92.7MMcl)
& Avg {41, 4MMch)
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(2)  Post-Stimulation

i Ocean failed to provide the production data as per contract and it was

obtained from public data sources (through July, 2004). The public
data is reported on a monthly basis and does not include the number of
producing days and therefore the production comparisons do not take
c into account any non-production times which results in the
| incremental improvements being reduced. There were known
instances of non-producing periods exceeding two weeks in one of the
wells and also other non-producing time intervals for all four

g Candidates as well.

J The post-stimulation volumes for an unknown of producing days
- ranged from 21.5 to 146.8 MMcf and averaged 60.8 MMecfthrough
L July, 2004.

Post-Stim Production

Blaine Co, MT (T30N-R18E)
Stimulation: CO,/Sand

3

-
=]

___________________

[ Bridge:

|- -Brdge Plug Remo

' t ' ' 4
R S J U ST U . AN R ¥ P S R —— [ L U [
1 1 ' 1 i '

Cum Prod (MMcf), Prod (Mcf/D)

198 204 210 216 222 228
Months
0 5B Ranch 85 $xs {25.5MMcf) © Kane 05-05 218 5xs (21.5MMch)
% Kane 05-08 249 Sxs (46,4MMcf) 0 Blackwood 05-09 104 Sxs (146.8MMc)
O Avg (80.8MMch)
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100

Cum Prod (MMcf), Prod
{(Mcf/D)
>

228

(3)  Incremental Production Improvement
The incremental production improvements irrespective of the
unknown number of producing days mentioned above ranged from
3.1 to 54.1 MMcf and averaged 19.5 MMcf through July, 2004.
Post-Stim Production
Average 4Wells (4 Stages)
Blaine Co, MT (T30N-R18E)
Stimulation: CO.fSand
SN U SUSIEY SRS S SN R A -
___________________________________________ F o
3333--3;iiiéééénééélpéﬁi:bé;
" Bridgd Plug insfid 1T H e T
P (082602 [
198 204 210 216 222
Months
0 Avg Actual (60.8MiMcf) @ Avg Projected {41.3MMcf) @Incremental Improvemenit (19.5MMcf)
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Through July 2004
. Twp/Rge T30N/RI8E | T30N/RISE | T30N/RI8SE | T30N/RI8E | Totals
Co/St Blaine/Mt Blaine/Mt Blaine/Mt Blaine/Mt
Field Tiger Ridge | Tiger Ridge | Tiger Ridge | Tiger Ridge
API Number (25-005-x0xxx) 22955 22279 22557 22161
Surface S-B Ranch Kane Kane Blackwood
¢ Sec-# 02-05 05-08 05-05 06-09
| Subsequent to Bridge Plug Removal*
Actual Post-stim Cum (MMcf) 28.5 46.4 21.5 146.8 243.2
. Proj Cum (based on pre-stim prod) MMcf) 14.7 39.6 18.4 N7 165.4
1 Incremental Prod Increase (MMcf) 13.8 6.8 3.1 54.1 77.8

11.  Costs - Projected vs. Actual

The actual and projected costs for stimulating the four Candidate Wells were similar:

Actual Cost ($US) 63,189
Projected Cost ($US) | 62.421
Difference ($US) 768
Percent (%) 1.2

12. Conclusions

The production through July 2004 (22 months) results in the following observations:

a. CO,/Sand stimulations can be successfully pumped in the Eagle Sands.

One well, S-B 02-05 screened out with 8,500 Ibs of 20/40 sand proppant in

zone. The total pumped CO; volume was 432 Bbls. Subsequently the pad

volume was increased and the wells were treated with available CO, volumes.
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b. The in-zone placement of proppant was proportional to the pumped CO»

volume:
co2 Sand (1bs) Sand Cone
Well #-S | Bbls | Pumped In-Zone Max | Avg
S-B Ranch 02-05 | 432 10,300 8.500 2.4 1.2
Kane 05-08 | 835 27,300 24,900 2.3 1.0
Kane 05-05 | 815 23,800 21,800 2.4 0.9
Blackwood | 06-09 | 633 10,600 10,400 13 0.6

C. All four Candidate Wells had production improvements which through July,
2004 (22 months following the stimulation) ranged from 3.1 to 54.1 MMcf

and averaged 19.5 MMcf. The total incremental improvement is 77.8 MMcf.

T30N/R18E

| Twp/Rge T30N/R18E | T30N/R18E T30N/R18E | Totals
' Co/St Blaine/Mt Blaine/Mt Blaine/Mt Blaine/Mt
- Field Tiger Ridge | Tiger Ridge | Tiger Ridge | Tiger Ridge

Surface S-B Ranch Kane Kane Blackwood | Total
* Sec-# 02-05 05-08 05-05 06-09
i Subsequent to Bridge Plug Removal*

Actual Post-stim Cum (MMcf) 28.5 46.4 21.5 146.8 243.2
i Proj Cum (based on pre-stim prod) (MMcf) 14.7 39.6 18.4 N7 165.4
{ Incremental Prod Increase (MMcf) 13.8 6.8 3.1 54.1 718

d. One well, Blackwood 06-09, accounts for the majority — 70% (54.1/77.8) of

the incremental production increase.
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e. ‘When compared with the criteria for success only one of the four Candidate

Wells, Blackwood 06-09 exceeded the production criteria.

;‘
P

Surface S-B Ranch Kane Kane Blackwood | Total
Sec-# 02-05 05-08 05-05 06-09
' Yrl
. Production (MMcf) 17.7 354 16.3 103.4 172.8
| Success Criteria (MMcf) 25.2 47.6 33.1 90.4 196.3
. Difference (MMcf) -1.5 -12.2 -16.8 13.0 -23.5
. Yr 1+ 10 Months (Through July 2004)
| Production (MMcf) 28.5 61.0 28.8 194.2 312.5
- Success Criteria (MMcf) 43.1 83.0 53.5 161.7 341.3
Difference (MMcf) -14.6 -22.0 -24.7 32.5 -28.8
f When comparing the success criteria for the group of four Candidate Wells
the actual production volumes are less than the established success criteria by
approximately 25 MMcf.
g The economic benefit derived from the liquid CO,/sand stimulations based on
a net of $3.50/Mcf after 22 producing months exceeded the total treatment
costs by $19,500.
Surface S-B Ranch Kane Kane Blackwood | Total
[ | Sec-# 02-05 05-08 05-05 06-09
| | Subsequent to Bridge Plug Removal*
Actual Post-stim Cum (MMcf) 22 Months 28.5 46.4 21.5 146.8 243.2
. Proj Cum (based on pre-stim prod) (MMcf) 14.7 39.6 184 92.7 165.4
Incremental Prod Increase (MMcf) 13.8 6.8 3.1 54.1 71.8
- Incremental Revenue Improvement @
$3.50/Mef (SM) 48.3 23.8 10.9 189.4 272.3
Stimulation Cost ($M) 63.2 63.2 63.2 63.2 252.8
Improvement ($M) -14.9 -39.4 -52.3 126.2 19.5
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X1, CONCLUSIONS | o
" A Test Area 1 - Crockett Co, IX Packego#s 1A & 1B -9 Stages /6 Wells
| 1. With one exception,. 4} siine stages, SIX on the Montgomery Jease and three onthe
" Hattonleases weré rate-limited to approximately 40-43 barrels per minite because of
. the maximum allowable wellhead treating pressures.. Forty barrels per- mmute is
approaching the minirom injection rates to rehably transport 20!40 size sand

proppant.

2. The production fom the Candidate Wells was disappointingly low:
a. Test Area #1A - Block NG (Montgomery)
The projected five year cumulative production averaged 100.4 MMcf while
that from the seven Control wells averaged 745.0 MMef or 7. 4 times that
from the wells siintulaed with the Hqui CO,fsand process.

b. Test Area #1A Block MM (Hoover).
The projected five year ;:umulatlve production averaged 56.7 MMt while that
from the ten Control, Wells averaged 200.3 MMcfor 3,5 times that from the
wells stimulated with the liquid 4 CO,/sand process.

O

(2) Theplaced proppast voimpeg with the CO/sand process were omeh
- Jower than the design volumes. '
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c. Test Area #1B - Block MM (Hoover)

(D

@

3

The proppant volumes placed were much less than the design and
ranged from 5,600 to 11,700 pounds or approximately twelve percent

of that placed in conventional treatments.

The ability to place the design quantities was obviously limited by:
(a) The reduced pump rate of 4G barrels per minute, which was
driven by a maximum well head pressure of 6,500 psi.

(b) High leak off rates into the formation.

The costs for the CO,/sand stimulations (6 wells - 9 stages) was
$407,462 or $45,274 per stage. Cost advantages resulted from a
major reduction in pumping costs through the utilization of a locally
available service company, Halliburton Energy Services (HES). The
original bid was much greater and also required a significant
mobilization charge. To a lesser extent, a cost savings for CO;, of
$7.3 80.was realized by utilizing another supplier.

3. Summarizing, the conclusion is that fracture lengths longer than those which can be

generated with CO,/Sand stimulations are required in this area. It is too "tight".

B. Test Area #2 - San Juan Co, NM - Package # 2 — 3 Stage / 3 Wells
1. The projected five year cumulative production ranged from the three Candidate Wells
ranged from 65.3 to 141.9 MMecf and averaged 91.3 MMcf while that from the six
Control Wells ranged between 15.6 and 445.2 MMcf averaging 231.3 MMcfor 2.5
times that from the wells.
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C.

D.

These poor responses from the wells stimulated with the COs/sand process are
unquestionably related to a number of factors regarding the formation characteristics

of permeability, and pressure, but to a larger extent to the reduced proppant volumes
placed by the liquid-free treatments

Test Area #3 - Phillips Co, Mt - Package # 5 — 3 Stages / 3 Wells

1.

Full proppant volume (40,000 pound) CO,/sand stimulations were easily executed in
the Phillips Sand in the Phillips Co, Montana test area

The production from the Candidate Wells failed to meet those required by the criteria

for success.

The twenty-four month cumulative production volumes from the wells stimulated with
the liquid-free CO./sand process are essentially the same as that from the Control
Wells treated with N, Foam and utilizing the same 40,000 pound proppant volume.

There is a suspicion that the wells which were stimulated with CO,/sand are being
choked by limited conductivity in the hydraulically created fracture, probably as a
consequence of the smaller proppant size used (20/40 vs. 12/20). This is based on the
observation of the nearly identical monthly production volumes from all three
Candidate Wells. And, also on the production comparisons of twenty nearby wells
which utilized larger proppant.

Test Area #4 - Blaine Co, Mt - Package # 7 — 4 Stages / 4 Wells

1.

CO,/Sand stimulations can be successfully pumped in the Eagle Sands.
The in-zone placement of proppant was proportional to the pumped CO; volume:

79



Final Report - Grp #’s 1A & 1B (Crockett Co, TX), Grp #2 (San Juan Co, NM), Grp #5 (Phillips Co,
MT), Grp #7 (Blaine Co, MT)
Contract #DE-AC21-94MC31199 "Field Testing & Optimization of CO,/Sand Fracturing Technology"

3. All four Candidate Wells had production improvements which through July, 2004 (22
( months following the stimulation) ranged from 3.1 to 54.1 MMcf and averaged 19.5
MMcf. The total incremental improvement is 77.8 MMcf.

4, One well, Blackwood 06-09, accounts for the majority — 70% (54.1/77.8) of the

incremental production increase.

L 5. When compared with the criteria for success only one of the four Candidate Wells,

- Blackwood 06-09 exceeded the production criteria.

6. When comparing the success criteria for the group of four Candidate Wells the actual
. production volumes are less than the established success criteria by approximately 25
(] MMcf.

| 5 7. The economic benefit derived from the liquid CO,/sand stimulations based on anet of

$3.50/Mcfafter 22 producing months exceeded the total treatment costs by $19,500.

XII. DELIVERABLES

A. Draft and final NEPA Report, described in Task 4 - Submitted

B. Phase I Topical Report described in Task 3, including market assessment and
:; commercialization plan - Submitted
N C. Criteria for implementation of the technology, and wells-of-opportunity recommendations as
| required in Task 1 - Submitted

D. General field test plan and individual test plans as required under Task 4 and Task 5,

| respectively - Submitted
Stimulation treatment data as required in Task 6 - Submitted

L F. 5-year production and pressure data as required in Task 7 — Submitted where available
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G.

Post-frac summaries of well treatment, pressure testing, and flow performance as required
under Task 7 — Submitted
Annual topical report(s) as required for Phase IT - Submitted

Phase 11 final report described in Task 7 — This document

Production and Pressure Records

The production and pressure records have been plotted and included in the four Final Reports
which have been submitted for each approved well group, and summarized in this Report..
Well Data

The well data for both the Control and Candidate Wells were included with the submittal
packages, and in the four Final Reports which have been submitted for each approved well

group, and summarized in this Report..

Final Reports

1. Final Report — This document
2. Pkgs # 1A and # 1B — Submitted

3. Package # 5 — Submitted

4. Package # 7 — Submitted

These reports include all of the well specific information on all of the wells.

This completes the efforts to summarize the specifics and findings of these demonstrations of the liquid-free

stimulation process. More detailed well-specific information, i.e., production plots, figures, logs, etc. relative

to these efforts accompany the individual reports for each group.

Respectfully Submitted,

Kay Migga

Rayrdond L. Md#Za, P.E.

Project Manager
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" Final Report — Demonstration of CO,/Sand Stimulations in Six Candidate Wells - Group #’s 1A & 1B -
(Crockett County, Texas) — December 1995 — Single and Two Stage Treatments
Contract #DE-AC21-94MC31199 — “Field Testing & Optimization of CO»/Sand Fracturing Technology™

DISCLAIMER

This report was prepared as an account of work spopsored by an agency of the United States
Government. Neither the United States Government nor any agency thereof, nor any of their employees,
makes any warranty, express or implied, or assumes any legal liability or responsibility for the accuracy,
completeness, or usefulness of any information, apparatus, product, or process disclosed, or represents
that its use would not infringe privately owned rights. Reference within to any specific commercial
product, manufacturer, or otherwise does not necessarily comstitute or imply its endorsement,
recommendation, or favoring by the United States Government or any agency thereof. The views and
opinions of authors expressed herein do not necessarily state or reflect those of the United States

Government or any agency thereof.
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Final Report — Demonstration of CO,/Sand Stimulations in Six Candidate Wells - Group #s 1A & 1B -
(Crockett County, Texas) ~ December 1995 — Single and Two Stage Treatments
Contract #DE-AC21-94MC31199 — “Field Testing & Optimization of CO,/Sand Fracturing Technology”

ABSTRACT

The demonstration of a 100% kquid free COy/sand stiroulation process was executed on six wells (nine
stages) in the Canyon Sands in Crockett Co, Texas. The process is unique in that because CO; is the only
fluid which enters the formation and requires a specialized closed system, pressurized blender to mix up
to 45,000 pounds of proppant with the CO,. The CO, vaporizes at reservoir conditions and leaves a
liquid-free proppant paék. Because the Canyon Sands in this area were known to be liquid sensitive, the
application of the liquid-free process could result in an economic benefit. The reduced proppant volume
(45,000 wvs. IOO to 200,000 pounds) from that of the conventional water-based stimulations was
recognized, however the reduction in formation dainage from retained liquids may have resulted in a net
benefit.. The design pump rates could not be achieved because of pressure limitations on the tubulars and

- therefore a considerable reduction in placed proppant volumes resuited. The production responses were |

disappointingly low as a consequence of the inability to place sufficient proppant volures.
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Final Report — Demonstration of CO,/Sand Stimulations in Six Candidate Wells - Group #’s 1A & 1B -
(Crockett County, Texas) — December 1995 — Single and Two Stage Treatments
Contract #DE-AC21-94MC31199 — “Field Testing & Optimization of CO,/Sand Fracturing Technology”

II.

ABSTRACT

The demonstration of a 100% liquid free CO»/sand stimulation process was executed on six wells
(nine stages) in the Canyon Sands in Crockett Co, Texas. The process is unique in that because
CO; is the only fluid which enters the formation and requires a specialized closed system,
pressurized blender to mix up to 45,000 pounds of proppant with the CO;. The CO; vaporizes at
reservoir conditions and leaves a liquid-free proppant pack. Because the Canyon Sands in this
area were known to be liquid sensitive, the application of the liquid-free process could result m an
economic benefit. The reduced proppant volume (45,000 vs. 100 to 200,000 pounds) from that of
the conventional water-based stimulations was recognized, however the reduction in formation
damage from retained liquids may have resulted in a net benefit.. The design pump rates could not
be achieved because of pressure limitations on the tubulars and therefore a considerable reduction
in placed proppant volumes resulted. The production responses were disappointingly low as a

consequence of the inability to place sufficient proppant volumes.

INTRODUCTION

The first demonstrations under the contract were executed in December, 1995 in two

characteristically separate groups each containing three wells. They all produce from the Canyon
Sands at depths ranging from 6,428 to 7,420 feet in the Val Verde Basin of South Texas. The
production is primarily gas with minimal condensate - approximately one barrel per million cubic

feet of gas (1 bb/MMcf).

A total of nine stimulations were performed in six Candidate Wells, three two-stage (Block NG),
and three single-stage treatments (Block MM). All six wells are situated in Crockett County near
the town of Ozona and are operated by Union Pacific Resources (UPR) formerly Union Pacific

Resources Corporation (UPRC). They have since been purchased by Anadarko Petroleum.
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Final Report — Demonstration of CO,/Sand Stimulations in Six Candidate Wells - Group #’s 1A & 1B -
(Crockett County, Texas) — December 1995 — Single and Two Stage Treatments
Contract #DE-AC21-94MC31199 — “Field Testing & Optimization of CO./Sand Fracturing Technology™

I1I.

BACKGROUND

In 1923 World Oil Co., owned by Chester R. Bunker, Ft. Worth publisher and printer, began
drilling on the L. P. Powell ranch. Work progressed slowly, depending on the availability of
money, under the direction of superintendent Mickey Green and the tool pusher known only as
"Dangerous Dan." The wildcat operation proved successful in the spring of 1925, when the first
well (10 mi. NW) came in at a depth of 2647 feet and began producing 25 barrels of oil a day.
The strike opened up the World pool, more commonly known as the Powell Field, which is still
vielding oil. Eventually 180 wells were drilled by a number of companies on Powell’s 9260 acre

ranch.

The Powell No. 1 was the beginning of a vital new industry for Crockett County, which was
primarily a ranching area before 1925. The next important strike occurred in the Crockett Field in
1938. In 1975 there were over 2,000 producing oil and gas wells in the county.

The Ozona field was initially developed in the 1960s on 320 acre spacing which was later reduced
to 160, then 80, and eventually 40 acres. UPR acquired in excess of 1,000 of 1,500 wells and
100,000 net acres in April, 1994, and had drilled more than 300 wells on 80 acre spacing since the
acquisition. In late 1995 approvals were obtained to drill on 40 acre spacing in the majority of the
field, resulting in an additional 400 to 600 wells planned for 1996-97.

The infill wells, drilled on 80 acre spacing had reduced pressures, 50 to 80 percent of those drilled

on the 320 acre spacing, consequently the recoverable reserves were also reduced.
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(Crockett County, Texas) — December 1995 — Single and Two Stage Treatments
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Final Report — Demonstration of CO,/Sand Stimulations in Six Candidate Wells - Group #'s 1A & 1B -
(Crockett County, Texas) — December 1995 — Single and Two Stage Treatments
Contract #DE-AC21-94MC31199 — “Field Testing & Optimization of CO,/Sand Fracturing Technology”

The majority of the wells have tubing to remove liquids. There were no separators nor tanks and
there was reportedly no produced water (some of the Candidate Wells were found to produce
water), only condensate at approximately one barrel per million cubic feet of gas (1 bbV/MMct).
The gas and associated liquid is pipelined to a central stripping/compressor facility several miles

distant. There are no separators nor pipeline drips.

1Iv. METHODOLOGY

The produced gas volumes from the Candidate Wells were compared with that from the Control

Wells to determine if there was a benefit from the liquid-free stimulations over that of the other
stimulation types: borate cross linked or HPC gel containing 100-200 thousand pounds of 20/40

mesh proppant.

The evaluation of the produced gas was made through the use of later-time production rates
which is the basis for back-extrapolation to the earlier times in the producing life. This technique
results in an uninterrupted production sequence, and thereby climinates the unknowns associated
with shut-ins, missing data, higher production rates resulting from the pressure build-up
associated with shut-ins, etc. It also, and perhaps more significantly enables an unencumbered
assessment to be made in that it removes the bias created by the higher rate “flush” production
rates frequently recorded early in the producing life. The flush production is a result draining the
more permeable portions of the formation which can be increased by the presence of natural
fractures. Because these fractures are of unknown volume the flush production associated with
them cannot be determined. By removing this bias the stimulation response to the unfractured
portions can be evaluated, and an objective assessment of the reservoir response to the different

stimulation techniques will at least not be biased by the flush production.
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(Crockett County, Texas) — December 1995 — Single and Two Stage Treatments
Contract #DE-AC21-94MC31199 — “Field Testing & Optimization of CO,/Sand Fracturing Technology”

The projected five-year, steady-state cumulative gas volumes from the Candidate Wells were
compared with those from the Control wells, and those with the larger cumulative produced gas

volumes were considered to be superior.

V. GEOQLOGY

The Canyon Sands are complex deep water turbodite deposits that contain numerous gas

productive members with perforated intervals ranging in depth from 6,428 to 7,420 feet in the

- Candidate Wells. The Canyon Sands interval is approximately 1,200 feet thick and contain eight
individual sand members which are designated A (shallowest) through H, and some may not be
present in offset wells. Consequently the perforated intervals vary. Because of this variation the
B per-well reserves can vary considerably within an area and range from 0.2 to 1.2 billion cubic feet

(Bcf) of gas. The permeability’s range from 0.001 to in excess of 0.10 millidarcy.

Historically, a number of these sand members were stimulated and the production co-mingled.
The unique combination of the zones within individual wells complicated attempts at fracture
analysis. Numerous studies performed by UPR were unsuccessful in identifying a relationship

B between treatment size {proppant volume) and the post-fracture well performance.

The Canyon Sands are known for the capillary retention of liquids and these Candidate Wells
were considered to be good candidates for demonstrating the liquid-free CO,/Sand technology.

VI. FIELD
Two separate areas were treated, Block NG, were stimulated in the Jower (E) and middle (C)
Canyon Sand members with two stage treatments, and Block MM 18 miles to the northwest with

single stage treatments in lower G & H Canyon Sand intervals.
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Final Report — Demonstration of CO,/Sand Stimulations in Six Candidate Wells - Group #’s 1A & 1B -
{Crockett County, Texas) — December 1995 — Single and Two Stage Treatments
Contract #DE-AC21-94MC31199 — “Field Testing & Optimization of CO,/Sand Fracturing Technology”

VII. RESERVOIR

A. Reservoir Pressure and Temperature
Press Temp Total Depth
Well (psig) (°F) (f)
_Hatton 13-14 760* 182 7.515%%

Hoover 7C-7 760* 155 7,585
Hatton 8C-4 760%* 181 7,613

*  Calculated

** The total depths are deeper than the lowermost perforation; for instance the

deepest perforation in the Hoover 7C-7 well is 7,420 feet.

The pipeline pressure is approximately 500 psi. A review of the phase behavior at these
temperatures and pressures confirmed that the CO, would vaporize under these

conditions.

The accompanying pressure-enthalpy diagram indicates the projected states of the CO;
during the pumping, flow back, and producing events. The CO, will readily vaporize under
these conditions and will require -176 x (10)3 BTUs per ton.

Press Temp Density Enthalpy

Pt # Location (psi) (°F) | State | (Ib/cuft) BTU/tbm

PUMPING*

1 Well head 6,200 0 SC 67.11 -3,900

2 Perfs 9,550 91 SC 64.52 -3,864

NOT PUMPING

3 Perfs*** 7,000 91 SC 62.50 -3,862

4 Formtn*** 6,000 136 SC 55.87 -3,840

5 Formtn 900 181 SH 4.14 -3,750

6 Perfs 760 181 SH 5.88 -3,747

7 Well head 550 150 SH 4.17 -3,752

*  Pumping through 4.50 in casing at 40 bbls per min

**  Heat gain through casing at 40 bbls per min = 278(10)’ BTUs (68 BTU/sqft @ LMDT =
67°F)

% At the instant that the pumping is terminated -3,840-(-3,752) = -88 BTU/Ib= -176(10)’
BTU/ton
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Final Report — Demonstration of CO,/Sand Stimulations in Six Candidate Wells - Group #’s 1A & 1B -
(Crockett County, Texas) — December 1995 — Single and Two Stage Treatments
Contract #DE-AC21-94MC31199 — “Field Testing & Optimization of CO,/Sand Fracturing Technology”

B. Sensitivity to Stimulation Liquids

The wells in these areas require some time to clean up following the liquid based

stimulations and appeared to be excellent candidate opportunities for this technology.

The Canyon Sands are known for the capillary retention of liquids, and each of the two
groups of three Candidate Wells were considered to be viable opportunities for
demonstrating the liquid-free CO»/Sand technology. Primarily, because of the suspicion

that formation damage was resulting from the formations sensitivity to stimulation liquids,

and also through the interest that UPR indicated in the process and their ability to
effectively evaluate the results through their in-house knowledge and large data set.

E VIII. CONVENTIONAL STIMULATION TREATMENTS

The wells in both areas were being stimulated with either borate cross-linked guar gum or HPC
gels containing 100-200 thousand pounds of 20/40 mesh proppant, either Brady or Ottawa sand.
Previously the treatments consisted of gelled water with sand concentrations of up to 4 pounds

per gallon (ppg) or gelled acids with sand concentrations up to 3 ppg.

There were no known CO, based stimulations when initially proposed. However, just prior to the
liquid CO./sand treatments performed under this demonstration effort one of the initially proposed
Candidate Wells, Hatton #3-17 was stimulated by UPR, without DOE involvement, with 577 bbls
(107 tons) of liqguid CO, and because the response was so robust UPR withdrew it from the

offering. Hatton 7C-7 was substituted for it.
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Final Report — Demonstration of COg/Sand Stimulationsn Six Candidate Wells - Group #’s 1A & 1B -
(Crockett County, Texas) — December 1995 — Single and Two Stage Treatments
Contract #DE-AC21-94MC31199 — “Field Testing & Optimization of CO,/Sand Fracturing Technology”

IX. COy/SAND STIMULATIONS

The normal field procedure was to complete the wells with 2-7/8 inch production tubulars.
However, for the purposes of this evaluation, the DOE approved Candidate Wells were
completed with 4-1/2 inch production casing to enable the greater pumping rates, 40-55 barrels
per minute, to be achieved without the excessive friction pressure drops associated with the

smaller diameter tubulars.

A. Design
Once the project began it became obvious that the injection rates would be limited to
approximately 40 barrels per minute because of maximum allowable treating pressures of

6,000 to 6,500 psi.

The individual well treatment designs were based upon sand acceptance concentrations in
the offset wells and could be modified as the treatment sequence progressed. The
objective being to place the maximum sand volumes. The maximum proppant

concentrations at the 40 bpm pump rates were found to be less than 3 pounds per gallon.

An increase in the design CO; volume from 120 to 140 tons was a result of the
displacement volume of 106 barrels (20.8 tons) to reach the completion interval at

approximately 7,000 feet.

~ The stimulation designs were developed from the observed pressure-injection history for
well 13-17, which was stimulated with CO; only and which also had 4-1/2 inch casing, as
did the Candidate Wells.

The data was plotted in three representations because a log-log plot of the data was very

non-linear. The first explanation considered was that it was because of differing densities
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experienced from the heat loss during the initial cooling of the tubulars. The densities for
each rate at approximated temperatures which were time and heat transfer rate dependent
were calculated and the log-log plot recreated and it was still found to be considerably

non-linear.

In an effort to utilize this empirical pressure data it was plotted on linear, log-linear, and
log-log presentations and the results compared. A review of the data indicated a
considerable range of pressures when the injection rates exceed forty (40) barrels per

minute.

Rate Pressure (Psi) Pressure (Psi) Pressure (Psi)
(BPM) Linear Log-Lin Log-Log
Min Max
20 3,900 3,900 3,900 3,900
25 4,350 | 4,350 4,200 4,300
30 4,600 ;| 4,750 4,950 4,800
35 5,000 5,250 5,500 5,000
40 5,400 5,750 6,200 5,500
45 5,800 6,350 7,100 6,000
50 6,200 | 6,800 8,100 6,200
55 6,600 9,500 6,700
60 7,100
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(Crockett County, Texas) — December 1995 — Single and Two Stage Treatments
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Based on these observations, the following injection rates were predicted for various

- wellhead treating pressures:

- Wellhead Min Max
[ Pressure Rate Rate

(Psi) @ryy | HR) | gpyy | EHHD)
N 4,000 21.1 (2,069) 21.7 (2,127)
» 5,000 30.5 (3,738) 35.0 (4,289)
. 6,000 38.6 (5,676) 47.5 (6,985)
6,500 41.7 (6,643) 53.8 (8,571)
(.

And, the projected pump rate ranges for various horsepower’s were:

HHP Min BPM Max BPM
[ 3,600 29.7 30.8
- 4,800 34.9 37.4
. 6,000 39.6 429
. 6,643 41.7 (max press) 45.6
e 7,200 N/A 48.4

L The conclusions from these projections were that:
I. Up to 6,104 horsepower would be required to obtain an injection rate of forty
L barrels per minute — which was considered to be a minimum rate to achieve a

reasonable fracture extension and transport velocities.

2. The welthead treating pressures for these conditions were estimated to be up to
6,226 psi.
l 3. Utilizing the maximum wellhead treating pressure of 6,500 psi. The corresponding

minimum pump rate and horsepower requirements would be:

Min BPM HHP
41.7 6,642
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If the well was to treat at the lower pressure scenario then the pump rate at the maximum

horsepower was estimated to be 48.4 bpm.

Summarizing, the pump rate was anticipated to range from 41.7 to 48.4 barrels per minute
depending upon either maximum allowable pressure limitations for the former or

maximum available horsepower for the latter.

The actual treating pressures were very close to those projected as can be seen in the

following summaries.

Once the project began it became obvious that the injection rates would be limited to
approximately 40 barrels per minute because of maximum allowable treating pressures of

6,000 to 6,500 psi.

B. Proppant Size
20/40 (USS) sand proppant was currently being utilized in the conventional treatments and

successful in the COy/sand stimulations, and on that basis was proposed in the design

C. Treatment Volume
The treatments were designed to consist of 140 tons of CO; per stage and are projected to
yield a net of 439 barrels (85 tons) of CO, in-zone along with 37,654 pounds of 20/40
proppant per stage. The individual well treatment designs were developed based upon
sand acceptance concentrations in the offset wells and were modified as the treatment
sequence progressed, the objective being to place the maximum sand volumes. The
increase in the CO; volume from 120 to 140 tons was due to the displacement volume of
106 barrels (20.8 tons) to reach the completion interval at approximately 7,000 feet.

Thereby more CO, was available to stimulate the formation and to transport proppant.
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The recommended stimulation design was:

Proppant Fluid Schedule
Cum . Proppant | Proppant Cum
Fluid Stage Fluid Cgﬁc Stlzll;e Proppant
(BbY) (Bb) (ppg) (Ib) (Ib)
Stage
Hole Fill (Liquid CO,) 55 55 0 0
Pad (Liquid CO») 135 135 0 0
Start (20/40 Sand) 205 70 1.0 2,940 2,940
Increase {20/40 Sand) 245 40 2.0 3,360 6,300
Increase (20/40 Sand) 465 220 3.0 27,720 34,020
Flush (Liquid CO,) 575 55 0 34,020
Total 575
Treatment Fluid Requirements
Hole + Pad | Prop | Flush | Tot pmpd | Bottoms| Total
Lig CO; (Bbh 190 330 55 615 10 625
_ CO, (M) 120
N; (Mscf) 74
[
i D. Treatment Volume Comparison - Conventional vs. CO»/Sand

The design volumes of the liquid CO; /sand stimulations was 575 Barrels of liquid CO,
| and 34,020 pounds of 20/40 mesh proppant, as compared to the conventional treatments
| which contain 100 to 200,000 pounds of 20/40 proppant. The proppant volume utilized in
the CO,/sand treatments - if it were all to be placed - would be 17 to 34 percent of that
normally pumped.

Because of the liquid sensitive nature of the Canyon Sands the results from these reduced
proppant volumes could potentially result in an improvement in gas production rates
because of the absence of the liquid induced formation damage which accompanied the

conventional water based treatments.
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E.

Perforation Strategy
The perforation placements are in the individual sand members as indicated on the

accompanying electric logs.

X. PRE-TEST CONCLUSIONS

A.

The Canyon Sands were known to be liquid sensitive and to sometimes require extended
clean up periods, and therefore were considered to be potential candidates for the liquid-

free CO,/sand stimulation technique,

Studies conducted by UPR indicated that smaller treatment volumes resulted in improved
production rates, which further supported the view that the larger stimulation tiquid
volume probably results in a larger percentage of liquid remaining in the reservoir;

although the treatment volume is larger so thereby 1s the resultant damage.

If the damage created by these liquids could be avoided then the reservoir could
potentially respond favorably to smaller treatments.

The fracturing gradients were reviewed and found to be on the order of 0.7 psi per foot

and resultantly considered to be viable candidates,

The leak off of the CO; to the formation at the higher permeability’s was considered to

constitute a potential screen out risk,

The pump rate limitations dictated by the working pressure of the tubulars, 6,500 psi was
predicted to limit the injection rate to approximately 40 barrels per minute. The preferred
design for the permeability, formation thickness, and number of perforations would have

been on the order of 55 bpm.
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G. The predictably higher treating pressures were known to significantly increase the

horsepower costs.

XI. = CRITERIA FOR SUCCESS

The production histories for both blocks were reviewed and the economic hurdle rates projected
. for each. The minimum production rates for an economic success of these treatments are based

( upon the reservoir pressure and the additional expense associated with the CO,/Sand stimulations.

= Area 1 (Montgomery) | 2 (Hoover-Hatton)
| Block NG MM
o Stages/well 2 1
Treatment Costs
CO,/Sand ($) 82,684 41,509
Conventional ($) 40.000 21,000
[ Increase ($) 42,684 20,509
L Incremental Prod
N Req'd @ i=15% (Mcfd) 25 12
Presently (Mcfd) 150-200 125-180
e Min Req'd - 1¥ Mo w/ CO,/Sand  (Mcfd) 175-225 137-192

The minimum production rates for an economic success of the CO,/Sand stimulations technology

Wwere:

Block
NG MM
175-225 Mcfd 125-180 Mecfd

UPR initially estimated that an increase in production rate of approximately 20 percent will be
- required to offset the additional costs of the CO,/Sand stimulation. On this basis, a production
L rate of 137 to 192 Mcfd would be required to demonstrate superiority of CO,/Sand stimulation

treatments over nitrogen foam stimulations in this area.
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XII. IS THE PROPOSED RESERVOIR LIKELY TO BENEFIT FROM THE CO,/SAND
TECHNOLOGY?

A. Operator

1.

Interest in CO»/Sand technology?

UPRC was interested in identifying a stimulation technique which would reduce or
eliminate the liquid damage to the Canyon Sands and, in addition to stimulating 12
stages with CO»/Sand they also clected other types of stimulation treatments -
three wells with CO, only, and four with Econofracs which utilized 10 to 25
pounds of linear gels per thousand gallons of water and transporting 1-2 pounds

per gallon of sand.

Adequate test opportunity?
The question was: Would a non-damaging stimulation having a shorier propped
length be more effective than a longer hydraulically created fracture that utilizes a

formation damaging liquid? Ultimately, the answer was no.

The possibility of stimulating this liquid sensitive reservoir with the non-damaging
CO,/Sand stimulation process was viewed as an opportunity to evaluate the
effectiveness of a non-damaging, but shorter fracture length stimulation. The
potential that the non-damaging treatment could perhaps provide an increase in
overall economics was a determining element in the decision to participate in the
program. ie., could a smaller treatment (shorter fracture length) created with a
non-damaging fluid result in an increased production rate over that which resulted
in longer fracture lengths and liquid damage?

Ultimately, the answer was no.
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J——

‘\ 3. Presently active drilling program?

. When the review of the potential Candidate Wells began, UPR had eight rigs
' drilling the 6,500 feet deep Canyon horizon, and were planning to drill over 600
0 wells during the 1995-1997 time period.

{ 4, Control wells - Is there a sufficient number to define a normal response?

UPRC had digitized over 600 well logs and conducted reservoir simulation and

P analytical drainage area studies on more than 500 wells. They had also conducted
numerous pre- and post-fracture build up tests, conducted in-situ stress tests, and
have estimated the reserves for at least 1,500 Canyon Sand wells. This familiarity

enabled an objective assessment of the different stimulation types to be rendered.

5. Is there a future for successful results? Is the operator likely to continue
| implementing this technology without DOE cost support? .

| The Canyon Sands were being actively drilled with the more recent developments
in areas of reduced porosity, permeability, and reservoir pressure which resulted
from the closer well spacing. These "tighter and reduced reservoir pressure” areas
were anticipated to be compromised by the retention of the liquids used in
hydraulic fracturing and the potential for increased gas recovery which could result

1 : from the non-damaging stimulation was considered to be significant.
UPSIDE - Future Activities if an Economic Success were to be Realized

If the CO,/Sand stimulation technology proved to be successful in increasing the
EUR's over other stimulation treatment types, then a significant upside would be
created because of the areal extent of the impacted area and UPRC's immediate
P development drilling plans. They were actively drilling the Canyon‘ Sands
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formation in Crockett County, Texas - SW Ozona Field and considered them to be

ideal candidates for the CO,/Sand demonstrations.

6. Interest in DOE cost-supporied participation?
An interest in participating with the DOE on a cost shared basis to evaluate this
technology was related. At the time they planned to drill approximately 300 wells
per year for the following two to three years, and had seven to eight drilling rigs

operating in this area.

7. Share production data for five years?
UPRC agreed to share the data. In actuality they did not. UPR was later purchased

by Anadarko and the production data was obtained from public data sources.

8. Letter of Intent

A Letter of Intent was prepared and executed (LOI).

o To provide legitimate candidate well opportunities for six mutually agreed
upon wells,

o To provide acceptable background information on the nearby control wells
including the drilling, completion, and production specifics,

o To bear the normal additional expenses of cement bond logging, perforating,
bull dozers, and other normally occurring expenses associated with stimulation
events,

o Participating in the demonstration project and the anticipated treatments
spectfics, and

o To provide the production information for five years.
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Letter of Intent

(p. Lof 2)
Cipsrobor: thion Pardfiec Reaources Co (UPRC)
Cardidate Wells: Crockett Coumty, Texas

Target Forgetion: Canyon Bands

Block M4 (Hoover Hwkton)
Bey 1/4 O L/4  Saode 1ot Mo Prod
1. 78=% (exah for 13-17) T BB BE G&RH 1l 137192 Mofd:
:2‘ Ec__‘z s m’ m n o w 1 Rl w 113 )
3. 3314 13 = e M T
o 13-17 13 = E """  NA
L Black }G (Mopbaorwry) .
1. 12 18 Ircegqular C&E 2 175-226 Mold®
! 2. 13 14 " " Hanan 2 1] 1] L1 :
1 3. 15 18 "on T 2 [THRNE TR '

5

4t nimm 1st menth avearage production required from ¢O\sand stimilations to
D conzkitute an sconomle succeas ever that from convsnbional stimulations,
o wicl nitrogee foam. :

[ The ¥, 8. Departmaat of Enargy will, subjest to thaly approvsla, agres to

; provids sest-shaved funding for the atimulation of these candidate welle with

L Frecusster's olosed syotem blendor for ¢Oy\sand treatments, 1f certain oriterda
#re inst. UPRC ngress to hear the rewsl expenses,

The moject entails damnonstrating the process in a genkrolled unvi.rmmtl
vihzrs sufficient background producticn information fram nearby wells can be

wseldl to canpare the productien results with those of this demonatration
project.

The design of the stimulation treabmants is to consist of spproxlmately 140°
tens of oarbon dioxide and 25,000 to 45,000 pounds of sand pumped at injecticn:
patea of 35 to 60 barrels per winute, and to consist of wp to threa (3}

single-stage treatments (Blook M), and up to three {3) two-atage treatments
[ {Block K3). :

UPRK worsay to oparata thege wells with wellhaad pressures aimilar to those of
the cantrol wells to ensble a weaningful copparison of the praduction fram the'
candidate wells with that of the nsarby offmet contrel wells. The purpose is
to offeot a quantitative comgarisen of ths effectivensss of the liguid-free
co\wand stimulation with that of nitrogen foam.

Tnte siw (&) sendidate wells will be avallable for stimmlution treatmenta by
the zoomnd weeh of Decotrber, 1995,

‘ s welle will be turmsd in line sharkly afber traatmant, and tha produntinn:

- will ba forwarded to FC8 on a monthly basis to enable sn evaluation of the 00,
o trazvgents to be made. DOX is requesting manthly production datn on thess

Page 21



Final Report — Demonstration of CO,/Sand Stimulations in Six Candidate Wells - Group #'s 1A & 1B -
(Crockett County, Texas) ~ December 1995 — Single and Two Stage Treatments _
Contract #DE-AC21-94MC31199 — “Field Testing & Optimization of CO,/Sand Fracturing Technology”

Letter of Intent
{p. 20f 2)

wils for @ minimm of five (5) years following tumein, inoiuding mnthly
copdes of the meter nin readinga mnd third party integration statensntsa. Thay
are io be forwarded monthly to Patroleun Consulting Asrvices.

Swid, if may, will ba resvwsd fram the wallbore at operator's axpanse,
imcdiately following the stimulation.

Tha Dof vequires tha fallowdngt

. Exaouted Letter of intent | Mg domwmant
: 2. nmap of the candidate well and nearby offsetting wells - Satlsfiud
' 3. Eleckric logs Control and candidata wells
[ 4. Cumalative production data Cotttrol and candtidate wells
. i. Honthly pipeline pressure daka Control and cundidate wells
O

Etimulation records talalay and atrip charts :
' Control and sandidate wells
tiell completion reports control and candidate wells

The nO=, subject to thedr approval, will, through the sanbrmoior, Petroleum
Cursulting Services, pay for one-half (1/2) of the costs of the stimalatiens,
ircluding the asrvive compay churges for product {00y, sund), sarvices, and
mobd igation. Thia is o ba acoumplished by an invelos frem UPRC to PCS for
one-h1f (1/2) of the total stimlatien sagbe uhich ineludes all dscomnts.

UBRC hivaby indicates en intentien to enter into a 50/80 cost-shered
purticipstion of the etimulation expanses €or these candidute wells, subdect
to DOE approvals.

g
-

VERS wavees to bear the rwraining sapenses of these treabmants and a.n,-,v
Ternizing activities, i.e., thoss ewpenses normally associated with thess
trentisnts: coment bond log, pertorsting, dozers, servide rigs, ate.

If thess conditions are satisfactory, plamss adknowledgs by signing balow,
and rebwindng this doagent tod '

Petrelaum Congulting Bervices

B, O, Box 55834

Cenkon, Ohin 44738

{21g) £99-3823 (216) 499-2280 (fmx)

Pate: g gned:
Lec. 8 1395 f/&&c\":?

‘ ) Company OEticer '

mieler W 1L, b&\lécoﬁmah’ Méﬁ \
Witreny!
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X111,

NEPA COMPLIANCES

A NEPA questionnaire was prepared and submitted for the Candidate Wells. Conversations with
UPRC's environmental compliance personnel and the specifics of land use, air quality, water
resources/water quality, solid waste and hazardous materials, impact on vegetation and animals,
acsthetics, historical/cultural resources, transportation, energy requirements, environmental
restoration and/or waste management, and worker health and safety have been identified and

responded to.

DOE APPROVALS
The six Candidate Wells, three in Block NG and three in Block MM, were submitted (05/06/95)
and approved for treatment by the DOE (12/06/95) and were stimulated in December, 1995.

TEST AREAS — TWO TEST AREAS — BLOCK NG and BLOCK MM

There were demonstration areas proposed, and approved for the liquid COy/sand stimulation
process. Each contained three wells and, although both groups were producing from the Canyon

Sands interval, there were distinctly different reservoir characteristics.
The major differences between the two study areas, Block NG (Montgomery) and Block MM

(Hoover Hatton) are that the Canyon Sand interval in Block NG contained an increased pay

thickness, and was consequently stimulated with two stage stimulations.
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Because all of the wells are situated in Crockeit County, Texas the API well identification
numbers are all prefixed with 42-105. For instance the API number for the Hatton 03-13 is 42-
105-32174

A. Test Area #1 - Block NG (Montgomery) - Two Stage Completions
Block NG occupies approximately the same areal extent and contained seventeen active
wells. The three Candidate Wells were completed in the C (Lower) & E (Middle) Sands
and stimulated with two stage CO»/sand treatments. The reservoir pressure was about
50% of the original (when they were drilled on 320 acre spacing) and the estimated
ultimate recoveries (EUR's) generally range between 1,500 and 4,500 MMecf.
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1. Control Wells - 7 Wells

a. Control Well # 1 — Montgomery 02-17 (10786) — Projected 5 Yr Prod

1,695.2 MMecf

Montgomery #2 (10786) Crockett Co, TX
Block NG - Sec 17
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Cum Prd (MMcf), Mnthly Prd xt0
(MMcf)
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10

b. Control Well # 2 — Montgomery 01-17 (10785) — Projected 5 Yr Prod
1,100.2 MMcf

Montgomery #1 (10785) Crockett Co, TX
Block NG - Sec 17
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c. Control Well # 3 — Montgomery 03-15 (30742) — Projected 5 Yr Prod
814..4 MMcf

Montgomery #3 (30742) Crockett Co, TX
Block NG - Sec 15
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Cum Prd (MMcf}, Mnthly Prd x10
(MMcf)

d. Control Well # 4 — Montgomery 07-16 (31725) — Projected 5 Yr Prod
662.0 MMcf

Montgomery #7 (31725) Crockett Co, TX
Block NG - Sec 16
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e. Control Well # 5 — Montgomery 04-15 (31021) — Projected 5 Yr Prod
510.9 MMcf

Montgomery #4 (31021) Crockett Co, TX

Block NG - Sec 15
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f. Control Well # 6 — Montgomery 05-18 (31727) — Projected 5 Yr Prod
370.8 MMcf

Montgomery #5 (31727) Crockett Co, TX
Block NG - Sec 18
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g. Control Well # 7 — Montgomery 01-16 (10101) — Projected 5 Yr Prod 65.8
MMcf

Montgomery #1 (10101) Crockett Co, TX
Block NG - Sec 16
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Cum Prd (MMcf)

Summary — Control Wells
The five year cumulative production volumes from the seven Control Wells

ranged from 65.8 to 1,695.2 MMcf and averaged 745 MMcf.

Production - Canyon Sands (E & C)

Crockett Co, TX - Block NG (Montgomery) - Secs 15, 16, 17,18

7 Wells - 14 Stages

Stimulation: Gelled Water - w/100,000 - 200,000 Ibs Proppant/Stg
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2. Candidate Well Selection - Three Wells

The Candidate Wells in Block NG are the: Montgomery #13-18, 12-18, and 14-
18. They were each stimulated with two stages, as is the general practice, to
complete the two main pay intervals, the lower (E) and middle (C) zones. The
anticipated production was 150-200 Mcfd. The reservoir pressures had been

observed to vary between 1000 and 2000 psi.

The Candidate Wells were infill wells which were drilled on 40 acre spacing and
the initial plan was to stimulate them with conventional stimulations with an
anticipated performance of approximately 70% that of the 80 acre wells drilled

previously.

a. Candidate Well #1 — Montgomery 13-18 (36988)

The electric log indicating the perforated intervals follows below.
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. (Crockett County, Texas) — December 1995 — Single and Two Stage Treatments
. Contract #DE-AC21-94MC31199 — “Field Testing & Optimization of CO»/Sand Fracturing Technology”

. b. Candidate Well #2 — Montgomery 12-18 (36989)

L The electric log indicating the perforated intervals follows below.
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Contract #DE-AC21-94MC31199 — “Field Testing & Optimization of CO,/Sand Fracturing Technology”

c.  Candidate Well #3 - Montgomery 14-18 (36987)

The electric log indicating the perforated intervals follows below.
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Final Report — Demonstration of CO,/Sand Stimulations in Six Candidate Wells - Group #’s 1A & 1B -
(Crockett County, Texas) — December 1995 — Single and Two Stage Treatments
Contract #DE-AC21-94MC31199 — “Field Testing & Optimization of CO»/Sand Fracturing Technology™

3.

Field Activities

a.

Preparations
The wells were prepared for the COy/sand stimulations. Two 70 ton CC,
storage vessels were delivered and filled prior to the treatments
(1)  Wellhead isolation tool
On the morning of the treatments, a wellhead isolation tool was run

to comply with the pressure rating of the wellthead valving etc.

Stimulations
These three Candidate wells were the first to be treated as each was
stimulated with two stages with the per stage design being the same as

those presented above.

The sand schedule evolved during these treatments where it became
evident that a maximum injection rate — as had been predicted (see above)
of approximately 40 barrels per minute would be achievable at maximum
attainable wellhead treating pressures (6,000-6,500 psi), and that the
maximum acceptance sand concentrations for these rates is less than 3

pounds per gallon (ppg).

Three of the six stages screened out; both stages in the Montgomery #13
because the sand concentrations were too great, and also the first in the

Montgomery #12.

Montgomery #13 was the first well treated and the maximum acceptance
sand concentrations were unknown at the outset. The first stage was

treated and screened out as the 3.0 ppg sand concentration started into the
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Contract #DE-AC21-94MC31199 — “Field Testing & Optimization of CO»/Sand Fracturing Technology™

formation — 24,200 pounds of sand were placed in zone. Prior to
stimulating the second stage, the treating equipment was moved to the
Montgomery #12 where the first stage was treated and screened out with
10,400 pounds in zone. The reas.on for the screen out is believed to be

because of reduced injection rates.

The per stage placed proppant volumes ranged from 8,100 to 24,200
pounds. If the lowest volume, 8,100 pounds is removed, the five stage
range was 10,400 to 24,200 and averaged 17,600 pounds or approximately

twelve percent of that placed in conventional treatments.

A summary of the perforation, stimulation specifics (volumes, rates,
pressures) for all three of the Candidate wells is presented and the
individual job summary logs and rate-pressure-sand concentration plots for

each well are also included as noted below.
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Final Report — Demonstration of CO»/Sand Stimulations in Six Candidate Wells - Group #’s 1A & 1B -
(Crockett County, Texas) — December 1995 — Single and Two Stage Treatments
Contract #DE-AC21-94MC31199 — “Field Testing & Optimization of CO,/Sand Fracturing Technology”

PETROLEUM CONSULTING SERVICES
P.0. BOX 35833

CANTON, OH 44735

(216 ) 499-3823

DATE 12/29/95 PAGE 1 OF 4
WeLL z MNTGMRY12 MNTGMRY13 MNTGMRY14
TARGET : L.  CANYON L CANYON . CANYON
SEC/BLK : 18/NG 18/NG 18/NG
SURVEY : GC & SF RR GC & SF RR GC & SF RR
F?L/F72L.: 2720N/1850W 10305/1870W 478N/2078W
CO/ST: CROCKETT/TX CROCKETT/TX CROCKETT/TX
PMT #(42-108) 36989 36988 36987
OPERATOR: UPRC UPRC UPRC
ELEYV GL: 2452 2470 2431
TOT DPTH: 7043 6598 7043
COMPLTED:
STIMULATED: 12/12/95 12/12/95 12/13/95
PERFS: 25 27 27
TOP: 6577 6725 6655
BOT: 6589 6738 6668
INTERVAL : 12 13 13
ACID( GAL): o] o] o}
Coz{BBLS): &30 5883 635
{ TONS ): 104 105 98
TOTAL: 150 187 146
PAD{ BBLS }: 190 155 185
SL{BBLS }: 430 313 322
FLUSH( BBLS )= 10 120 128
PMP( BBLS ): 630 588 635
SAND(SXS ) 250 265 115
IN WELL: 146 23 34
NET(SXS): 104 2472 81
MESH : 20/40 20740 2C/40
Nz (MCF ): 102 150 _ &9
RATE(BPM)
AVG: 40.0 47 .0 39.6
MAaX 44 .0 50.0 4G.6
PRESS(PSI)
AVG: 5900 5200 5530
MAaX: 6500 6200 6678
SND CONG{PPG)
avG: 1.4 2.0 0.9
MAX : 2.0 3.0 2.0
HORSEPOWER
AVG: 5784 &£000 5706
MAYX - 7000 7600 6HAR3
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12/29/95 PAGE Z OF 4
WELL = MNTGMRY12 MNTGMRY 13 MNTGMRY 14
BRK DUWN(PSI):
PRE ISIP{PSI) 5609 6012 5142
RATE(BPM); 456 .6 29.1 40.7
ISIP(PSI): 2137 1971 2358
GRAD(PSI/FT): 0.32 0.29 0.35
F{PSI/100FT ): B3 &0 42
10 MIN(PSI): 2373
AVG SC X SL= 250 265 115
PRESS AT PERFS

amMax P(ps1) . 9268 B876 9282

aavG P(PST) 8557 7861 7876
AVG{ PSI ): 8913 8369 8579
LIQ{PSI/FT): 0.41 0.40 0.37
SG: 0.95 0.92 0.85
C02 YLD({BBL/T 5.8 5.3 6.4
PRESS:
OPN FLO:
TIL:
MCFD

AVG:

RECENT:
FROM:

SCREENQUT SCREENOUT 5D a3%88LS

w/104 SXS w/241 SXS €36 SVR LK

IN ZONE IN ZONE RPR LK RSME TRTMNT
AVGE SC IN AVG SC IN

IONE=G .73 ZONE=1.83

PUMPING({$) 13000 1300¢ 26000
N2 . 1624 3549 1659
SAND 3183 2345 i782
MISC 210 8127 476
18617 27021 29917
coz 9750 12155 430
COZ2-PORTABLES 200 200 200
BLENDER 6000 6000 5000
LISC FEE 5000 5000 5000
TUBE TRLR 5500 5500 5500
26450 28855 26190
MOB ,PDIEM: 2984 4583 2984
TRCKNG
MISC . B45 583 545
TOT 48596 61042 BEI636
$/5K 201 537 246

Page 44



Final Report — Demonstration of CO»/Sand Stimulations in Six Candidate Wells - Group #’s 1A & 1B -
(Crockett County, Texas) — December 1995 — Single and Two Stage Treatments
Contract #DE-AC21-94MC31199 — “Field Testing & Optimization of CO,/Sand Fracturing Technology™

PETROLEUM CONSULTING SERVICES
[ P.0. BOX 35833

[ CANTON, OH 44735

{ . (216) 499-3823

{ DATE: 12/29/95 PAGE 3 OF 4
WELL: MNTGMRY 12 MNTGMRY13 MNTGMRY14
. TARGET: L. CANYON L CANYON L. CANYON
P SEC/8LK: 18/NG 18/NG 18/NG
o SURVEY: GC & SF RR GC & SF RR GC & SF RR
‘ F2L/F?L: 2720N/1850W 1030S/1870W 478N/2078W
Lo CO/ST: CROCKETT/TX CROCKETT/TX CROCKETT/TX
. PMT #{42-105) 36989 36988 36987
b OPERATOR: UPRC UPRC UPRC
ELEYV GL: 2452 2470 2431
! TOT DPTH: 7043 6998 7043
| COMPLTED: 0 Q
H STIMULATED: 12/14/95 12/14/95 12/14/95
(- PERFS: 51 51 40
! TOP: 6432 6516 6428
- BOT: 6522 6570 6501
g INTERVAL : 90 54 73
: ACID(GAL ):
CO2(BBLS): 604 583 538
) (TONS ): . 86 S22 124
: TOTAL: 157 148 190
‘ PAD(BBLS ): 195 102 143
SL{88LS ): 307 403 280
FLUSH(BBLS ): 102 78 115
PMP( 88LS ): 604 583 538
SAND( SXS ): 207 261 137
IN WELL: ] 53 8
NET{SXS): 198 208 12%
i MESH : 20/40 20/40 20/40
N2 (MCF): 102 149 59
RATE( 8PM )
i AvVG: 43.0 40 .0 43 .0
i MAaX : 44 .0 44 .0 45.5
PRESS(PSI)
AVG: 5600 5230 5100
{ MAX : £100 5796 5432
; SND CONC{PPG)
' AVG: 1.6 1.5 1.2
MAX : 2.0 3.0 2.0
HORSEPQKER
AVE: 5931 5882 &007
MaY s ~147 HA70 L3577
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12/29/95 PAGE 4 OF 4
WELL MNTGMRY12. MNTGMRY13  MNTGMRY14
e BRK DWN(PSI):
b PRE ISIP{PSI) 5850 6100 5850
RATE( BPM ); 43.5 4z 40
ISIP(PSI ): 2254 2300 2177
GRAD(PSI/FT): 0.35 0.35 0.34
F{PSI/1005T ): B& 58 57
5 MIN(PSI): 2056 1100 2000
AVG SC X SL= 207 261 137
PRESS AT PERFS
aMAX P(PSI) 8688 8412 7977
8AVG P(PSI) 8122 7832 8122
(- AVE(PST ): 8405 8122 8O50
i LIQ(PSI/FT): 0.39 0.40 0.43
L 8G: 0.91 0.92 0.99
CO2 YLD(BBL/T 6.8 6.0 4.2
(o e o e
j PRESS:
- GPN FLO:
. TIL: SCREENOUT
; MCFD W/208 SXS
! AVG: IN ZONE
RECENT: | AVG SC IN
FROM: ZONE=1 .37
| PUMPING( $ ) 8667 8667 8667
NZ 3224 3549 1659
SAND 2712 4188 1808
MISC 684 4072 3410
18287 20476 15544
coz 10205 9620 12350
- COZ2-~PORTARLES 200 200 200
- BLENDER 0 ' 0 o
LISC FEE 5000 5000 5000
. TUBE TRLR 2500 2500 2500
17905 17320 20050
MOB ,PDIEM:
TRCKNG
MISC 284 5073
TOT 33476 42869 35594
g $/5K 162 164 260
k STAGE 1 48596 61042 59636
STAGE 2 33476 42869 35594
; TOT 82072 103911 95230 281213
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| Contract #DE-AC21-94MC31199 - “Field Testing & Optimization of CO,/Sand Fracturing Technoiogy

(» Candidate Well #1 — Montgomery 13-18 (36988)

(2)

Stage #1

This was the first well treated in the six well group, and
24,200 pounds of sand were placed in zone, in the first
stage. The maximum acceptance sand concentrations were
unknown and screened out as the 3.0 ppg sand

concentration started into the formation.

The well was perforated with 27 holes over a 13 foot
interval from 6,725 to 6,738 feet.

The pregsmized blender was transported to the well site on
the day of the treatment, December 12, 1995 and filled with
20/40 Brady sand. The treatment was then executed, 26,500
Ibs of proppant were pumped at an average rate and
presswre of 47.0 barrels per minute and 35,200 psi
respectively. The maximum sand concentration was 3.0 Ibs
per gal, and averaged 2.0, the maximum rates and pressures

were 50.0 Bpm and 7,600 psi respectively.

The treatment screened out with 24,200 pounds of proppant

in zone for an average in zone proppant concentration of

1.83 ppe.

The instantaneous shut in pressure was 1,971 psi which

results in a gradient of 0.29 psi/ft.
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(b)

Stage #2

Prior to stimulating the second stage, the treating equipment
was moved to the Montgomery #12 where the first stage
was treated at a reduced injection rate because of
mechanical problems and screened out with 106,400 pounds

of proppant in zone.

An Alpha Oil Tools Big Bore frac plug was set at 6,580 feet
and the second stage was perforated with 51 perforations

over a 54 foot interval from 6,516 10 6,570.

The pressurized blender was transported to the well site on
the day of the treatment, December 14, 1995 and filled with
2(1/40 Brady sand. The treatment was then executed, 26,100
Ibs of proppant were pumped at an average rate and
pressure of 40.0 barrels per minute and 5,230 psi

respectively.

The treatment screened out with 20,800 pounds of proppant

in zone for an average in zone proppant concentration of

1.37 ppg.

The maximum sand concentration was 3.0 lbs per gal, and
averaged 1.5, the maximum rates and pressures were 44.0
Bpm and 5,796 psi respectively. The instantaneous shut in
pressure was 2,300 psi which resul_ts in a gradient of 0.35
psi/ft. The stimulation pressure-rate history plot is below.

The in zone proppant volume was estimated 20,800 pounds.
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Montgomery #13
¢ Disregard Procedures dated prior to: 12/11/85
, i [ Location | See, | Bl | Survey |
- 11030'FSL&1370’FW| 18 [ NG | GC & 5F RR CO |
Elavation: | GL-2470 | KB-2J482 |
i Sarvice: Com: H Service Date:
[Fump Trucks ﬂ-allig!urton 12/11/35
{ Wireling ¥ 18
Ni &0 Halliburton 41185
co2 FLOCO2 11795
) Tres Saver  \Guardian Well Services 12/11/95
| Frac Equip.  |Universal Sevices 12711195

SizeWUGrade/Thrd_|Set @ [PETO] Mikr Jt _-
4-1/2" 11.8 N-80 8rd 703‘ 6998 | 5858

Existing Lowsr Canyon Perforations: 6725-6738 (27 holes)

Canyon Completion
(1 MIRU Guardlan Well Sarvices. Install casing saver on top of 4-1/2° frac

valve. MU Haliburton pump trucks and bniversal pressurized blander,
Frac Lowar Canyon with 112 lons CO2 canying Ottawa sand as follows:

a0 BPM__Max Pressura-6500 psi
| Stage Gats Beag |[End [Stage Parcent [Pmp
) PPg Sand

PEg Time
CO2 Pad E000 27%| 38
Hold 4000 05| 0O 2000 18%| 24
! Hold 4000 1 4000 18%| 2.4
Held 3309 2 16600 AT%! 4.
; Flush 4200 2
g al frac + flush 22600 15 Ctiawa | 158
22300 gals gal | 43 Grosa Height i 538 |bst
: Flare Quality  NA_ | | 531 gals/fi|

Design Rate - To he pumped at as high a rate as pussible and push
2 6000 psig treating pressure,

{2) Remova caging saver, RUWLU, Install S000# lubticator. R1H & set 4-172"
Alpha Ol Tools Blg Bore Frac Plug at 6580'. Poerforate the Upper Canyon
i : using a 3-1/8" HSC phased 120 dagress as follows:

: Ton _[Btm [SPE  Holew
- Forfs | 6518] 6538 21
Perts | 6545 £570 1 26

Tatal Hales: 47

; : Parfarations per BPB GR/MNeutron/Cansity/Temp. dated 9-24-95.

{ [K}] RD WLU. With 4-1/2" valva closed, place 3-1/2" frac ball on top of gate. Install
casing saver on top of 4-1/2" vatve. Open vaiva and allow ball lo fall. Scopa
casing saver mandrel thry vatve and into casing.

: {4}y Frac Uppar Canyon with 112 tons CO2 carrylng Ottawa sand as follows:

40 BPM  Max Prossura-5500 psig

Stage Gals |Beg |[End |Stage Percent [Pmp

ppg  {Sand Time

CO2 Pad i3] 27%; 38

Haold -4000 1 4000 B 24

: Hold 4000 2 2 8000 4% 2.4
: Hold 8300 3 24500 %] 49
Lo |Flush 4100 2.4
i 26400 gal frac + fush 35900 1os 20/4 Otiawa | 15.7

22300 gails gal [ 114 Gross Haight [ 324 lvs/ft
Flare Quaiity  FA {198 galsiij

Casign Rate - To ba pumped at as high a rate as possibla and push
a 6000 psig treating pressura,

() R0 Halliburton and Univarsal. Commencs flawback of well on a 12/64"
adjustable choke. Flaw back at an estimated rata of 4500 to 2000 mcfpd
adjusting choke sixe as necessary. Whan frac ball reaches surface,
close 4-1/27 master valve. ND upper Iree, ramava bali. NU tres and
continue flowback of well to pit until well cleans up,

{6) install surface facititias and commencs gas sales.

ce! McGollum, Sewed, McDougal, Strickier, Cansuilants, Weit fils - Ozona & Ft Worth
cicompletimontgomi13-p02.wké
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Final Report — Demonstration of CO,/Sand Stimulations in Six Candidate Wells - Group #’s 1A & 1B -
(Crockett County, Texas) — December 1995 — Single and Two Stage Treatments
Contract #DE-AC21-94MC31199 — “Field Testing & Optimization of CO./Sand Fracturing Technology”

HALLTIBURTON ENERGY SERVICES
ACQUIRE Version 2.1

CUSTOMER ARD JOB INFORMATION

: Customer U.B.0.8 Date 14-Dec-1995
’ Contractar County CROCKETT
- Lease HONTGONERY Tawn

Location QZONA Section
. Formation UPPER CANYON Range
! Jab Type £o2 Permit No
tountry U.5.A. well N 13

State TEXAS Field Name

Customer Representative KELLY JAMERSON

STAGE DESCRIPTICONS

FRIME & TEST

Halliburton Qperator JALE AUTNAK Ticket No. B36024.2

WELL CONFIGURATION INFORMATION

Packer Type Cepth afi

PAD Bottom Hele Temp. 91.0 Deg F
.5 PPE 20/40
1 PPG 20740
i 2 PPE 20740 PIPE CONFIGURATION
L 3 PPG 20/40
FLUSH wellbore Heasured Caging Casing Tubing Tubing
Segment Oepth ™D 10 H1) o cg
Mumber  (Ft) (FtY  (ineh)  {inch)  (inch) (inch)
1 6570 8570 3.950 4,500 0.400 0.000
PERFORATIONS
' Perforation Top Aot tom Shots per
Interval (ft) (L) (ft)
i) 6516 6570 0

REMARKS ABOUT JOB

FRACTURE UPPER CANYON
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Final Report — Demonstration of CO,/Sand Stimulations in Six Candidate Wells - Group #'s 1A & 1B -
(Crockett County, Texas) — December 1995 — Single and Two Stage Treatments
Contract #DE-AC21-94MC31199 — “Field Testing & Optimization of CO,/Sand Fracturing Technology”

HULdSd LN LN A LD LL AL AL
TI‘?I'ITTF?T'H#H bia i3 ##ﬂ’ﬂﬂ’ﬂ’ﬂ'ﬂ'ﬂﬂ

PLAYBACK STRIP CHART

FHIRFEIHRI AR R

, 1. Casing Press {psi)
{ 2. Slurry Rate 1 { hpm)
3. Casing Press {psi) Avg for Sty
[ 4. Slurry Rate {bpm) Avg for Stg
CASING PRESS psi 10000
_,} SLURR\I’ RA}'E 1 bpm ................................................... 100.00
; SAMD CONC h/gal = — = 10.00
- FLUID CONC/BH h/gal -——--eemmmmmmm—- 10.06
CDZ PRESS psi e e 10000
| : : : : : : 07:40:35
! 0
’ 0.60
______________ Q
0.00
; |07:50:35
% 5306
i 44,29
5142
{ 44 .49
"""" 108:00:35
08:02:11
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Final Report — Demonstration of CO;/Sand Stimulations in Six Candidate Wells - Group #’s 1A & 1B -
(Crockett County, Texas) — December 1995 — Single and Two Stage Treatments
Contract #DE-AC21-94MC31199 -- “Field Testing & Optimization of CO./Sand Fracturing Technology”

Customer: U.P.0.6 Date: 14-Dec-1995
Well Desc: MONTGOMERY 13 Ticket #: 836024.1
Formation: UPPER CANYON Job Type: €02

JOB SUMMARY

JOB START TIME: 07:40:35
JOB END TIME: 08:02:11
J0B DURATION: 00:21:36

STAGES AND EVENTS:

Slurry
Sturry Stage Casing
Chart Time Rate Volume Press. Remark
(bpm}  {gal)} (psi}
Event #1 07:40:35 0.00 0 0 Start Job
Stage #1 07:40:39 §.00 4 331 OPEN WELL HEAD

Stage #2 07:40:51 g.00 4074 692 START PAD
Stage #3 07:43:36 34.59 1025 4689 START .5 PPG
Stage #4 07:44:34 38.97 4156 5321 START 1 PPG
Stage #5 07:46:56 42.94 8472 4718 START 2 PPG
Stage #6 07:51:30 42.39 4626 5263 3TART 3 PP .

Event #2 07:54:44 0.00 0 1920 WELL SCREENED 0UT

Event #3 07:55:48 0.00 0 1586 LEFT 115 SKS IN CSG

Event #4 07:59:07 0.00 4] 1241 AVG RATE 40 BBL/MIN

Event #5 07:59:50 0.00 0 1180 MAX PSI 6900 PSI AVG PSI 600
0 PSI MIN PSI 5400 PSI

Event #6 08:02:11 0.00 t] 263 End Job
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Final Report — Demonstration of CO,/Sand Stimulations in Six Candidate Wells - Group #s 1A & 1B -
(Crockett County, Texas) — December 1995 — Single and Two Stage Treatments
Contract #DE-AC21-94MC31199 — “Field Testing & Optimization of CO,/Sand Fracturing Technology”

Customer: U.P.0.G Date: 14-Dec-1995%
Well Desc: MONTGOMERY 13 Ticket #: 836024.1
Formation: UPPER CANYON Job Type: (02

STAGE SUMMARY

Stage Fimes
o Start End Elapsed
| Stage Time Time Time
L 1 67:40:39 07:40:51 00:00:12

2 07:40:51 07:43:36. 00:03:05

3 07:43:58 07:44:34 00:00:38

4 07:44:34 07:48:56 00:02:22

s B 07:458:56 07:51:30 00:04:34
V.6 07:51:30 08:02:11 00:10:41
Total 07:40:39 08:02:11 00:21:32

AVERAGES OR VOLUMES PER STAGE --_ Planned Volume vs. Agtua1 Volume
x ;ﬁ Planned S1 Slurry

Volume VYolume
Stage {gal) {gal)

. 1 1000 0
; 2 4200 4074
: 3 1718 1025
) 4 4361 4156
5 9166 8472

[ ) 5343 4526
; Tot/Avg 25818 22333

AVERAGES OR VOLUMES PER STAGE -~ Stri hart_Variahle

- Casing Prop Conc  Prop Conc coz

Pressure Sturry* Bottom* Pressure
Stage {psi) {(1b/gal) (1b/gai} {psi)

1 437 0.06 0.00 1439

pA 2566 0.15 0.00 3157
.3 5423 0.34 0.10 60G5
b4 5090 0.78 .20 5840
5 5173 1.83 1.21 5978

3] 2371 2.18 2.04 3238
Tot/fAvg 3384 1.33 1.14 4169

: *Average bhased on volume.
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(Crockett County, Texas) — December 1995 — Single and Two Stage Treatments
Contract #DE-AC21-94MC31199 — “Field Testing & Optimization of CO,/Sand Fracturing Techrology”

Customer: U.P.0.G Date: 14-Dec-1995

Well Desc: MONTGOMERY 13 Ticket #: 836024.1
Formation: UPPER CANYON Job Type: (€02

STAGE SUMMARY

MAXIMUM VALUE PER STAGE -- Strip Charf Variables

Casing Prop Conc  Prop Conc coz
Pressure Sturry* Bot tonr* Pressure
Stage {psi) {1b/gal)} {1b/fgal) {psi)
1 576 0.09 0.00 1670
2 5713 0.26 0.00 6214
3 5617 0.50 0.14 6309
4 5386 1.13 0.50 5169
- 5455 2.30 2.21 6175
] 5796 . 2.59 2.31 6911
Max Job 5796 2.59 2.31 5911
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Final Report — Demonstration of CO,/Sand Stimulations in Six Candidate Wells - Group #’s 1A & 1B -
(Crockett County, Texas) — December 1995 — Single and Two Stage Treatments
Contract #DE-AC21-94MC31199 — “Field Testing & Optimization of CO»/Sand Fracturing Technology”

03

Candidate Well #2 — Montgomery 12-18 (36989)

(a)

Stage #1

The first stage treatment in the Montgomery #12 was
compromised by significant CO; leaks around the piston rod
packings. The leakage was estimated to be at least five (5)
barrels per minute. The resultant injection rate after the
leaks would be 35 barrels per minute and is believed to be
the explanation for the screen out.

The well was perforated with 25 holes over a 12 foot
interval from 6,577 to 6,589 feet.

The pressurized blender was transported to the well site on
the day of the treatment, December 12, 1995 and filled with
20/40 Brady sand. The treatment was then executed, 25,000
Ibs of proppant were pumped at an average rate and
pressure of 40.0 barrels per minute and 5,900 psi
respectively. The maximum sand concentration was 2.0 Ibs
per gal, and averaged 1.4, the maximum rates and pressures

were 44.0 Bpm and 6,500 psi respectively.

The treatment screened out with 10,400 pounds of proppant

in zone for an average in zone proppant concentration of

0.73 ppg.

The instantaneous shut in pressure was 2,137 psi which

results in a gradient of 0.32 psi/ft
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{Crockett County, Texas) — December 1995 — Single and Two Stage Treatments
Contract #DE-AC21-94MC31199 — “Field Testing & Optimization of CO,/Sand Fracturing Technology”

(b

Stage #2
The well was perforated with 51 holes over a 90 foot

interval from 6,432 to 6,522 feet.

The pressurized blender was transported to the well site on
the day of the treatment, December 14, 1995 and filled with
20/40 Brady sand. The treatment was then executed, 20,700
lbs of proppant were pumped at an average rate and
pressure of 43.0 barrels per minute and 5,600 psi
respectively. The maximum sand concentration was 2.0 lbs
per gal, and averaged 1.6, the maximum rates and pressures
were 44.0 Bpm and 6,100 psi respectively. The
instantaneous shut in pressure was 2,254 psi which results in
a gradient of 0.35 psi/ft. The stimulation pressure-rate
history plot is included. The in zone proppant volume was

estimated 19,800 pounds.
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Final Report — Demonstration of CO,/Sand Stimulations in Six Candidate Wells - Group #’s 1A & 1B -
(Crockett County, Texas) — December 1995 — Single and Two Stage Treatments
Contract #DE-AC21-94MC31199 — “Field Testing & Optimization of CO»/Sand Fracturing Technology”

HALLIBURTON ENERGY SERVICES
ACQUIRE version 2.1

CUSTOMER AND JOB INFORMATION

Customer U.P.0.6 Cate 14-Dec-1895
Contractor County CROCKETT
Lease MONTGOHERY Town
Loeation 07Z08A Section
Formaticn UPPER CANYON Range
Job Type £02 Permit No
Country U.S. AL well No 12
State TEXAS Field Name
Customer Representative KELLY JAMERSON Halliburton Operator DALE PUTNAM Tieket No. 838R76.1
STAGE DESCRIPTIONS WELL CONFIGURATION INFORMATION
PRIME & TEST facker Type Gepth o ft
BAR Bottom Hole Temn. 91,0 Deg F
.5 PRPG 20/40
1 PPG 28/40
2 PP 20/40 PIPE CONFIGURATICN
FLUSH
wellbere Heasured Casing Casing Tubing Tubing
Segment  Depth i 10 on 10 0D
Number  {ft) (ft) (inch) {inch) (inch)  (inch}
1 6522 6522 3.930 4.500 0.00¢ G.00C
PERFORATIONS
Perforation Top Bottom Shots per
Intarval {(ft) ey (fry
1 6432 6522 3

REMARKS ABOUT JOB

FRACTURE UPPER CANYON
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Final Report — Demonstration of CO,/Sand Stimulations in Six Candidate Wells - Group #'s 1A & 1B -
(Crockett County, Texas) — December 1995 — Single and Two Stage Treatments
Contract #DE-AC21-94MC31199 — “Field Testing & Optimization of CO,/Sand Fracturing Technology”™

B ERERERET R AR R
PLAYBACK STRIP CHART

FEHERERA AR AR THREE

) 1. Casing Press (psi)
2. Slurry Rate 1 {bpm)
i 3. Casing Press {psi} Avg for Stg
' 4. Slurry Rate {hom) Avg for Stg
I 0 —iee——— ] CASING PRESS Psi 10000
D_OO .............. s 2 SLURRY RATE 1 bpm 100_00
0.00 -———-—- 3 SAND CONC 1h/gal — = — = —mme 10.00
0.00 ---meeemno- 4 FLUID CONC/BH 1b/gal —=-=mwmwmmmmo-- 10.00
0 —emime= -os 5 02 PRESS pei pmmm e 10080
Flbden 1 : : : : : : : 11:39:54
j PAUSE
, e - - . . _ . : . y
} ] 11:44:45
‘ PAUSE
TR ~ 11:48:58
PAUSE
= 12:17:03
.= 841
0.00
0
0.00
i P : : 12:27:03
6 RSN e 3 5369
3 g xgé_: z : ; 43.94
EL2EEE- — ; G . 5329
el : ; : ; 43.58
Nt
T0.2T«N72
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Final Report — Demonstration of CO,/Sand Stimulations in Six Candidate Wells - Group #s 1A & 1B -
(Crockett County, Texas) — December 1995 — Single and Two Stage Treatments
Contract #DE-AC21-94MC31199 — “Field Testing & Optimization of CO»/Sand Fracturing Technology™

Customer: U.P.0.G Date: 14-Dec-1995

Well Desc: MONTGOMERY 12 Ticket #: 838876.1
Formation: UPPER CANYON Job Type: (02
JOB SUMMARY

JOB START TIME;  11:38:55
JOB END TIME: 12:37:03
JOB DURATION: 00:58:08

STAGES AND EVENTS:

Sturry
Slurry Stage Casing
. Chart Time Rate Volume Press, Remark
- (bpm}  (gal) (psi)
Event #1 11:38:55 0.00 0 0 Start Job
Event #2 11:39:01 0.08 0 -3 ON LOC 10;00 AM
Event #3 11:39:39 0.00 ] -9 Start Job
Event #4 11:39:54 0.00 0 -9 Pause
Event #5 11:44:27 0.00 0 103 Resume
Event #6 11:44:31 0.00 0 103 START COOL DOWN
Event #7 11:44:45 6.00 0 106 Pause
Event #8 11:48:48 3.66 0 168 Resume
Event #9 11:48:58 3.76 0 171 Pause
Event #10 12:17:03 0.490 0 641 Resume
Stage #1 12:17:24 11.74 75 669 SKIP

Stage #2 12:17:30  32.10 5524 746 START PAD

Stage #3 12:20:43 40.73 1981 5180 START .5 PPG SAND
Stage #4 12:21:4%9 41.15 6723 5128 SYARYT 1 PPG SAND
Stage #5 12:25:35 44,05 6131 5390 START 2 PPG SAND
Stage #6 12:28:54 43.91 43836 5280 STARY FLUSH

Event #11 12:31:38 D.00 0 2488 FLUSH COMPLETE
Event #12 12:31:51 0.00 0 2254 ISIP Casing Press 2254 (psi)
Event #13 12:37:03 0.00 0 2377 End Job
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Final Report — Demonstration of CO,/Sand Stimulations in Six Candidate Wells - Group #’s 1A & 1B -
(Crockett County, Texas) — December 1995 — Single and Two Stage Treatments
Contract #DE-AC21-94MC31199 — “Field Testing & Optimization of CO,/Sand Fracturing Technology”

Customer: U.P.0.G Date: 14-Dec-1995
Well Desc: MONTGOMERY 12 Ticket #: 838876.1
Formation: UPPER CANYON Job Type: C02

STAGE SUMMARY

Stage Times

Start End Elapsed

Stage Time Time Time
1 12:17:24 12:17:39 00;00:08
2 12:17:30 12:20:43 00:03:13
3 12:20:43 12:23:49 00:01:06
4 12:21:49 12:25:35 00:03:46
5 12:25:35 12:28:54 00:03:19
B 12:28:54 12:37:03 00:08:09
Total 12:17:24 12:37:03 00:19:39

VERAGES VOLUMES PER STAGE -- Planned Volume vs. Actual Volume

Planned $% Sturry

Volume Yolume
Stage {gal) {gal)

1 1000 75

2 6000 5524

3 2045 1681

4 7319 6723

5 6547 6131

6 4811 4836
Tot/fAvyg 21722 25269

AVERAGES OR VOLUMES PER STAGE -- Sirip.Chart Variables

Casing Prop fonc  Prop Conc €02
Pressure Sturry* Bottom* Pressure
Stage {psi) {1b/gal) {1h/gal) {psi)
1 695 0.45 0.00 1341
2 4491 0.49 0.46 4961
3 5155 0.56 0.48 5398
4 5241 1.05 0.73 5433
5 5303 1.98 1.22 5539
] 3239 0.73 2.06 3382
Tat/Avg 4274 1.05 1.13 4504

*Average based on volume.
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Final Report ~ Demonstration of CO,/Sand Stimulations in Six Candidate Wells - Group #’s 1A & 1B -
(Crockett County, Texas) — December 1995 — Single and Two Stage Treatments -
Contract #DE-AC21-94MC31199 — “Field Testing & Optimization of CO,/Sand Fracturing Technology”

Customer: U.P.0.G Date: 14-Dec-1995
Well Desc: MONTGOMERY 12 Ticket #: 838876.1
Formation: UPPER CANYON Jab Type: (02

STAGE SUMMARY

MAXIMUM VALUE PER STAGE -- Strip Chart Variables

Casing Prop Conc  Prop Conc coz
Pressure Slurry* Bottem=* Pressure
] Stage (psi) {1b/gal)} {1b/gal) {psi)
| 1 726 0. 46 0.00 1354
! 2 5480 0.58 0.48 6068
' 3 5180 0.78 9.5] 5532
-4 5623 1.22 1.14 5725
{ {5 5397 2.81 1.84 5664
i "6 5751 2.41 2.50 5885
‘ Max Job 5751 2.61 2.50 G068
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Final Report — Demonstration of CO,/Sand Stimulations in Six Candidate Wells - Group #’s 1A & 1B -
(Crockett County, Texas) — December 1995 — Single and Two Stage Treatments
Contract #DE-AC21-94M(C31199 — “Field Testing & Optimization of CO,/Sand Fracturmg Technology”

&)

Candidate Well #3 -- Montgomery 14-18 (36987)

(a)

Stage #1
The well was perforated with 27 holes over a 13 foot

interval from 6,655 to 6,668 feet.

The pressurized blender was transported to the well site on
the day of the treatment, December 13, 1995 and filled with
20/40 Brady sand. The treatment was then executed, 11,500
Ibs of proppant were pumped at an average rate and
pressure of 39.6 barrels per minute and 5,590 psi

respectively.

The treatment had to be temporarily discontinued after
pumping 39 barrels of CO; because of a leaking wellhead
isolation tool. The pumping was halted and the pressure
bled from the well head to replace a leaking element. The

pumping was resumed after approximately two hours.

The maximum sand concentration was 2.0 lbs per gal, and
averaged 0.9, the maximum rates and pressures were 40.6
Bpm and 6,453 psi respectively. The instantaneous shut in
pressure was 2,358 psi which results in a gradient of 0.35
psi/fi. The stimulation pressure-rate history plot is below.
The in zone proppant volume was an estimated 8,100

pounds.
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Final Report — Demonstration of CO,/Sand Stimulations in Six Candidate Wells - Group #'s 1A & 1B -
(Crockett County, Texas) — December 1995 — Single and Two Stage Treatments
Contract #DE-AC21-94MC31199 — “Field Testing & Optimization of CO./Sand Fracturing Technology”

HALLIBURTOR ENERGY SERVICES

ACQUIRE Version 2.1

' CUSTOMER AND JOB INFORMATION

Customer U.P.0.G Date 13-Dec-199%
f1 Contractar County CROCKETT
i Lease MONTGOMERY Tawn
i Location 0ZONA Section
Fermatior LOWER CANYON Range
‘ Jab Type coz Permil Ro
| Cauntry U.S.A well Ho 14
i State TEXAS Field Name
) Customer Representative KELLY JAHERSON Halliburton Dperator DALE PUTNAM Ticket No. BI88TY
. (" STAGE DESCRIPTIONS WELL CONFIGURATION INFORMATION
! : PRIME & TEST Packer Type Depth o L
| PAD Bottom Hole Temp., 91.0 Oeg F
L. PAD
1 PPG 20/40
[ 2 PPG 20/40 PIPE CONFIGURATION
P FLUSH
(. wellbore Keasured Casing Casing Tubing Tuding
Segment Depth ™D I siv} i} bt}
Wumber (Tt (fty (finch)  (inch)  (ineh)  (inch)
[ 1 6668 5668 3,950 4.500 £.600 0.000
[
PERFORATIONS
Perforation Top Sottom Shots per
interval (fe) (L) (1)
1 4655 G668 0
hS

REMARKS ABOUT JOB

PUMP_ 140 TONS OF C0D2 AND 226 SXS 20/40 OTTOWA AT S0 BBL/MIN AT

APPROXIMATELY 4000 PSI WITH MAXIMUM PSI _OF 5000 P3I.
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SEHFsEHHERERERTTRIS
PLAYBACK STRIP CHART
SRUSELUEEERLERELLEEY
1. Casing Press {psi)
2. C07 Ratel{Act) (bpm)
3. Casing Press (psi) Avg for 51g
4. 02 Rate/Standard {(hpm) Avg for Stg
0 e 1 CASING PRESS psi 16000
L. 0.00 .7 C02 RATEI(ACT) bpm }OO.DD
0.00 - ———m— 3 SAND CONC 1h/gal —— e 10.00
0.0 —mmr-m---s 4 FLUID CONC/BH 1bjgal -mmmmremm--oe 16.00
%ﬁ%ﬁgg : g : : : : : 08:35:01
"_'::.\} ‘_:’ 0
R I, 0.00°
! i N ; . JE SRR S PN [ S S 0
| [ 08:40:34
PAUSE
B 08:42:39
PAUSE
:43:59
103
0.00
488
14G:24
? 42144
? 344
‘ 0.00
457
35.08
|
L
; 110:52:44
| 5467

Page 64



Final Report — Demonstration of CO,/Sand Stimulations in Six Candidate Wells - Group #’s 1A & 1B -
(Crockett County, Texas) — December 1995 — Single and Two Stage Treatments
Contract #DE-AC21-94MC31199 — “Field Testing & Optimization of CO-/Sand Fracturing Technology”

c—S7TTTT g 5612
} : 47.38
& :
K 11:02:44
) ¢ 2416
i 0.00
! § 3738
E1D 41.10
11:156:27
Customer: U.P.0.G Date: 13-Dec-10865
i1 Well Desc: MONTGOMERY 14 Ticket #: B38877
; Formation: LOWER CANYCN Job Type: C02

L J08 SUMMARY

JOB START TIWME:  08:35:01
JOB EWD TIME: 11:10:27
JOB DURATION: £2:35:26

STAGES AND EVENTS:

C0ZAct
C02Act Stage Casing
Chart Time Rate Volume Press. Remark
L (bpm}  {gal) ({psi)
b Stage #1 08:35:01 £.00 94 0 Start Job
Event #1 08:40:34 (.06 0 238 Pause
; Event #72 08:42:25 5.70 ] 1436 Resums
i Event #3 0B:42:39 2.65 0 1012 Pause
\ Event #4 (8:43:50 0.00 0 195 Resume
Stage #2 08:44:09 0.00 5850 214 start pad
. Event #5 08:48:16 0.00 it 2684 TREESAVER LEAKING SHUT DOUWN
g TO REPAIR
{ EFvent #6 08:49:18 0.00 ] 1534 Resume
Event #7 08:49:24 0.00 0 1538 Pause
Event #8 10:42:44 0.00 0 244 Hesume
Stage #3 10:42:48 0.00 6485 560 START PAD

Stage #4 10:48:12  38.66 3477 5734 START .5 PPG SAND
Stage #3 10:51:31 30.94 8753 5685 START 1 PPG 20/40
Stage #6 10:55:2¢  40.52 1732 5304 START 2 PPG
Stage #7 10:56:31  40.70 5107 5142 START FLUSH

Event #9 10:59:45 .00 ] 2358 ISIP Casing Press 2358 {psi)

Event #10 11:08:41 0.00 0 2373 10 Min Shutin Pres. Casing P
ress 2373 (psi}

Event #11 11:10:27 0.00 0 1427 End Job

Page 65



Final Report — Demonstration of CO»/Sand Stimulations in Six Candidate Wells - Group #’s 1A & 1B -
(Crockett County, Texas) — December 1995 — Single and Two Stage Treatments ‘ )
Contract #DE-AC21-94MC31199 - “Field Testing & Optimization of CO,/Sand Fracturing Technology

; : Customer: U.P.D.G Date: 13-Dec-1995
L Well Desc: MONTGOMERY 14 Ticket #: 838877
Formation: LOWER CANYON Jobh Type: (€02

STAGE SUMMARY

Stage Times

Start End Elapsed
P Stage Time Time Time
1 08:35:01 08:44:09 00:09:08
pd 08:44:00 10:42:48 01:58:39
3 10:42:48 10:48:12 D0:05:24
4 10:;48:12 10:51:31 00:03:19
5 10:51:31 10:55:29 $0:03:58
] 10:55:29 10:56:31 00:01:02
7 10:56:31 11:10:27 $0:13:56
al 08:35:01 i1:10:27 02:35:26

AVERAGES OR VOLUMES PER STAGE -- Planned Volume vs. Actual Volume

P Planped Gs C02 {Act)

f Volume Vo lume
Stage {gal) {gal)

i 1 1000 94

E 2 8000 5850
5 3 8000 6485
) 4 12547 5477
5 2500 6753

{ B 5082 1732
; 7 0 5107
L : Tot fAvg 37129 31498

AVERAGES OR VOLUMES PER STAGE -- Strip Chart Variables

Casing Prop Conc  Prap Conc

Pressure Sturry* Bottom*

Stage {psi) {(1b/gal} {1b/gal)

1 482 0.78 0.co

2 457 0.4} 0.00

3 4108 0.37 0.00

: 4 5722 0.34 0.00
5 5468 0.5¢ 0.00

& 5248 0.79 0.00

7 2886 1.65 0.00

j Tot/Ava 1076 0.78 0.00
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(Crockett County, Texas) — December 1995 — Single and Two Stage Treatments
Contract #DE-AC21-94MC31199 — “Field Testing & Optimization of CO,/Sand Fracturing Technology”

Customer: U.P.0.G Date: 13-Dec-1995
Well Desc: MONTGOMERY 14 Ticket #: 838877
Formation: LOWER CANYON Job Type: (€02

STAGE SUMMARY

MAXIMUM VALUE PER STAGE -- Strip Chart Variables

Casing Prop Conc  Prop Conc

Pressure Sturry* Bottom*

Stage {psi) (1b/gal) {1b/qal}
1 1550 0.93 0.00

2 6678 0.53 0.00

3 6255 0.47 0.00
(“14 5828 1.15 0.00
-5 5690 1.01 0.00
6 5362 1.69 0.00

7 5472 1.65 0.00
Max Job 6678 1.89 0.00
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(b)

Stage #2
The well was perforated with 40 holes over a 73 foot
interval from 6,428 to 6,501 feet.

The pressurized blender was transported to the well site on
the day of the treatment, December 14, 1995 and filled with
20/40 Brady sand. The treatment was then executed, 13,700
Ibs of proppant were pumped at an average rate and
pressure of 43.0 barrels per minute and 5,100 psi
respectively. The maximum sand concentration was 2.0 Ibs
per gal, and averaged 1.2, the maximum rates and pressures
were 43.0 Bpm and 5,432 psi respectively. The
instantaneous shut in pressure was 2,177 psi which results in
a gradient of 0.34 psi/ft. The stimulation pressure-rate
history plot is below. The in zone proppant volume was

estimated 12,900 pounds.
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HALLIBURTOR ENERGY SERVICES
ACQUIRE Version 2.1

CUSTOMER AND JOB INFORMATION

Final Report — Demonstration of CO»/Sand Stimulations in Six Candidate Wells - Group #s 1A & 1B -
(Crockett County, Texas) — December 1995 — Single and Two Stage Treatments
Contract #DE-AC21-94MC31199 — “Field Testing & Optimization of CO,/Sand Fracturing Technology”

Custamer U.P.0.G Date 14-Dac-1995
Contractar County CROCKETT
Lease HOWTGOMERY Tawn

Locatian GZONA Section

formation UBPER CANYON Range

Jab Type co2 Permit No

Country U.S.AL wWell No 14

State TEXAS Field Mame

Customer Representative KELLY JAMERSON

STAGE DESCRIPTIONS

PRINE & TEST

Hallihurtor Operatar GALE PUTHAM Ticket Nao. B38877.1

WELL CONFIGURATION INFORMATION

Packer Type Depth 0 ft

PAD Bottom Hole Temp. 91.0 Deg F
.5 PPG 20/40
1 PPG 20/40
2 PPG 20/40 PIPE CONFIGURATION
FLUSH
wellbore Heasured -Casing Casing Tubing Tubing
Segment Oepth ™vG 6] o} i 0B
Humber  {ft) (ft} (inch) (inch} (inch} {inch)
1 6301 6501 3.850 4.300 0.000 0.000
'PERFORATIONS
Parforatian Top Bottom Shots per
Interval (T} {ft) {ft)
1 8428 6561 o

REMARKS ABOUT JOB

FRACTURE UPPER CANYON
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FEERR S aaE R
PLAYBACK STRIP CHART
FAHHRE RS RERERENT
1. Casing Press {psi}
2. Slurry Rate 1 {(bpm)
3. Casing Press {psi) Avg for Stg
4. Sturry Rate {bpm} Avg for 3ty
CASING PRESS psi 10000
SLURRY RATE 1 bpm 100.00
SAND CONC Th/gal e — - 10.00
Th/gal  —--mmmmmeeee e 10.00

FLUID CONC/BH
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s Final Report — Demonstration of CQO,/Sand Stimulations in Six Candidate Wells - Group #’s 1A & 1B -
-3 Treatments

Crockett County, Texas) — December 1995 — Single and ".l“vsfo S'tage . )

(Contract #DE-AC21-94MC31199 — “Field Testing & Optimization of CO»/Sand Fracturing Technology

P Customer: U.P.0.6 Date: 14-Dec-~1965
. Well Desc: MONTGOMERY 14 Ticket #: 838877.1

(. Formation: UPPER CANYON Job Type: CO02

[ JOB SUMMARY

. - JOB START TIME:  16:09:02
- JOB END TIME: 16:31:59
JOB DURATION: 00:22:57

P STAGES AND EVENTS;

Slurry
Slurry Stage Casing

i Chart Time Rate  Volume Press, Remark
I (bpm)  (gal) (psi)

Event #1 16:09:02 0.60 0 0 Start Job
(o Stage #1 16:00:08 4.30 23 1100 PRIME UP
o Stage #2 16:00:16 D.18 6092 269 START PAD
' Event #2 16:09:22 2.99 0 251 Pause

Event #3 16:12:07 0.00 0 564 Resume

Event #4 16:12:14 5.80 ] 603 START PAD

§ Stage #3 16:15:41  43.55 2257 5198 STARY .5 PPG
- Stage #4 16:16:55 43.30 7656 4917 START 1 PPG
Stage #5 16:21:05 45,10 3428 4972 START 2 PPG
Stage #6 16:22:55 44.20 1811 5214 START FLUSH

! Event #5 16:25:54 0.00 0 2177 ISIP Casing Press 2177 {psi)
. Event. #6 16:31:59 0.00 g 1477 End Job -
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Customer: U.P.0.G Date: 14-Dec-1995
Well Desc: MONTGOMERY 14 Ticket #: 838877.1
Formation: URPER CANYON Job Type: (€02

STAGE SUMMARY

Stage Times
Start End Elapsed
Stage Time Time Time

1 16:05:05 16:09:16 00:00:10
2 16:09:16 16:15:41 00:06:25
3 16:15:41 16:16:55 00:01:14
4 16:16:585 16:21:05 00:04:10
5
2B

{ 16:21:05 16;22:55 00:01:50

16:22:55 16:31:59 06:00:04
Total 16:09:06 16:31:59 00:22:53

AVERAGES OR VOLUMES PER STAGE -- Planned Volume vs. Actual Volume

Planned S1 Sturry

Volume Volume
Stage {gal) {gal)
i 1000 23
2 6000 6062
3 2045 2257
4 7319 7656
5 6547 3428
6 4808 4811
Tot/Avg 27719 24266

AVERAGES DR VOLUMES PER STAGE -- Strip Chart Variahles

Casing Prop Conc  Prop fonc

Pressure Slurry* Bottom*

Stage {psi) (ib/gal} {1h/gal)}
1 557 0.03 0.00
.2 2649 0.14 0.17
i 3 5008 0.19 0.15
T4 4858 0.85 0.40
5 5100 1.42 0.95

6 2801 0.50 1.29
Tot/Avg 3421 0.62 0.66

*Averaace bhased an volume.

Page 72



Final Report — Demonstration of CO»/Sand Stimulations in Six Candidate Wells - Group #’s 1A & 1B -
{Crockett County, Texas) — December 1995 — Single and Two Stage Treatments
Contract #DE-AC21-94MC31199 — “Field Testing & Optimization of CO,/Sand Fracturing Technology”

Customer: U.P.0.G Date: 14-Dec-1965
: Well Desc: MONTGOMERY 14 Ticket #: 838877.1
. Formation: UPPER CANYON Job Type: (02

. STAGE SUMMARY

E MAXIMUM VALUE PER STAGE -- Strip Lhart Variables

Casing Prop Conc  Prop Conc

Pressure Sturry* Bottom*~

' Stage (psi) (1b/gal)  (1b/gal)
[ 1 1100 0.04 0.00
b 2 5224 0.26 0.24
3 5206 0.38 n.18

4 4999 1.10 1.02

s 5260 1.74 1.02

4] 5432 1.68 1.69

Max Job 5432 1.74 1.69
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(c) Stimulation Summary

The stimulation specifics are summarized:

Summary
Sand (sacks) Max Tr Press | Avg Rate | Sand Conc (Ib/gal)
Well Stg | Pumped | In-Zone (psi) (BPM) Max Avg
M##13 1 265 242 6,200 47.0 3.0 2.0
M#13 2 261 208 5,796 40.0 3.0 1.5
M#12 1 250 104 6,500 40.0 2.0 1.4
M#12 2 207 198 6,100 43.0 2.0 1.6
Mit14 1 115 81 5,590 39.6 2.0 0.9
M#14 2 137 129 5,600 43.0 2.0 1.2
c. Post Stimulation
(1) Flow Back Procedures
The flow back procedure was initiated immediately following the
removal of the stimulation hardware. The flow was restricted with a
choke to enable the CO, vapor to flow safely. The choke size was
increased as the pressure diminished and the CO; concentration was
monitored. Some sand was produced as was expected because of
the intentional under flush.
(2)  Cleaning Frac Sand from the Well Bore

Following the stimulations the three Candidate wells were all
cleaned by jetting the sand from them with nitrogen gas. The three
Candidate wells were, as is generally the case with the CO,/sand
stimulations - because of the designed under flush, found to have
sand in them above the perforations. The fill up in Montgomery 12-
18 (1% stage) was 1,676 feet due to the screen out as was the 2™

stage in Montgomery 13-18; however, the fill up in the other four
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stages was less than that typically encountered being from three to

14 feet above the lowermost perforation.

Stage 1
Well Perf Intvl Sand Top Fill-up Clean Out Depth
(v 613) () dbs) ¢13)
Montgomery 13-18 | 6,725 — 6,738 6,724 274 (2,390) 6,998
Montgomery 12-18 | 6,577 - 6,589 933 1,676 (14,630) 7,043
Montgomery 14-18 | 6,655 — 6,668 6,657 386 (3,370) 7,043
Stage 2
Well Perf Intvl Sand Top Fill-up Clean Out Depth
(19) £13) () (dbs) ()
Montgomery 13-18 { 6,516 — 6,570 6,055 605 (5,280) 6,660
Montgomery 12-18 | 6,432 - 6,522 6,519 101 (880) 6,620
Montgomery 14-18 | 6,428 — 6,501 6,498 92 (800) 6,590

(3)  Tubing Installation
A 1-1/4 inch coiled tubing was installed for liquid removal. The
wells were produced through the tubing, some with intermitters,

and no plunger lift hardware was present.
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4, Results - Production Comparisons
a. Candidate Well #1 — Montgomery 13-18 (36988)

Montgomery #13 (36988) Crockett Co, TX

Block NG - Sec 18
Stimulation: CO,/Sand - 2 Stages - 24,200 & 20,800 lbs

100

Pritd § Yr Post-Stim Cum = 26.7 MMcf

& &b Adrdorie-beiite

(MMcf)

10 {2202 ~
S em—

Cum Prd (MMcf), Mnthly Prd x10

0 6 12 18 24 30 36 42 48 54 60 66
Months

A CumMMG W (MMciMo) xi0 =~—Cum MMcf - Proj & (MMcfiMo) x10 - Proj —«— = 8.6725e-0.041x
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b. Candidate Well #2 — Montgomery 12-18 (36989)

Montgomery #12 (36989) Crockett Co, TX

Biock NG - Sec 18
Stimulation: CO,/Sand - 2 Stages - 10,400 & 19,800 lbs

1000

o
*
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c. Candidate Well #3 -- Montgomery 14-18 (36987)

Montgomery #14 (36987) Crockett Co, TX

Block NG - Sec 18
Stimulation; CO»/Sand - 2 Stages - 810 & 12,900 Ibs

1000
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<
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d. Summary — Candidate Wells

The five year cumulative production from the three Candidate Wells ranged
between 26.7 and 153.6 MMecf and averaged 100.4 MMcf.

Production - Canyon Sands (E & C)
Crockett Co, TX - Block NG (Montgomery) - Sec 18
3 Wells - 6 Stages
Stimulation: CO,/Sand - 2 Stages - w/8,100 - 20,800 ibs Proppant/Stg

1000
Pritd-5-YrPostStim-Average Cam—=1004
oofooooog
E o LpopooooEgoEong ggggg[gggoogoooooc
E 100 3l R=)
r=E il
gL =
=3 ZAEag
o] oRS e
E ._,EHS@' 5 0000-400000200000 00000(C0000EO0O00Y
oe =14
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E | 8‘ 0000
] 10 —EI-OE nJ‘GO-O
o ¥ ==
B>
® o
o
1 [s]
0 6 12 18 24 30 36 42 48 54 60 66
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0 14-18 (81/129 sxs) o 12-18 (104/198 sxs) o 13-18 (242/208 sxs) @ Avg
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e. Production Comparisons — Summary

The five year cumulative production volumes from the three Candidate
Wells ranged from 26.7 to 153.6 MMcf and averaged 100.4 MMcf, or 13
percent that of the ten Control Wells.

Well Pmt # 42-105- 5 Yr Prod Projt’d Stim

XKXX (MMcf) Type, Sxs, Bbls
Montgomery 02-17 10786 1,695.2
Montgomery 01-17 10785 1,100.2
Montgomery 03-15 30742 814.4
Montgomery 07-16 31725 662.0
Montgomery 04-15 31021 510.9
Montgomery 05-18 31727 370.8
CO, 81,635
Montgomery 14-18 36987 153.6 CO, 129,538
CO, 104, 630
Montgomery 12-18 36989 120.8 CO, 198, 604
Montgomery 01-16 10101 65.8
CO, 242, 588
Montgomery 13-18 36988 26.7 CO, 208, 583

These poor responses from the wells stimulated with the CO,/sand process are
unquestionably related to a number of factors regarding the formation
characteristics of permeability and pressure, but to a larger extent to the reduced

proppant volumes placed by the liquid-free treatments.
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Cum Prd (MMcf)
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Average Production - Canyon Sands (E & C)
Crockett Co, TX - Block NG (Montgomery) - Secs 15, 16, 17,18

10 Wells - 17 Stages

Stim: Gelled H,O (7 wells) w/100,000 - 200,000 ibs Prop/Stg

CO./Sand (3 wells) w/ 8,100 - 20,800 Ibs Prop/Stg
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0 Gelled H20 w/ 160,000 - 200,000 Ibs prop (745MMcf) ©C02/Sand w/ 8,100 - 20,800 Ibs prop (100MMcf)
5. Conclusions - Test Area #1

a.

The liquid COy/sand stimulations were somewhat successfully pumped in
the Canyon Sands. Although it had not been conclusively established that
they could be successfully pumped they were, but at considerably reduced

proppant volumes than the design.
The proppant volumes placed were much less than the design and ranged

from 8,100 to 24,200 pounds per stage. If the lowest volume, 8,100
pounds is removed, the five stage range was 10,400 to 24,200 and
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averaged 17,600 pounds or approximately twelve percent of that placed in

conventional treatments.

The actual volumes placed in zone were:

Stage 1
Pumped | Removed from well | Net in zone
Well {K Ibs) (K Ibs) (K 1bs)
Montgomery 13-18 26.5 2.3 24.2
Montgomery 12-18 25.0 14.6 10.4
Montgomery 14-18 11.5 3.4 8.1
Stage 2
Pumped | Removed from well | Net in zone
Well (K Ibs) (K. Ibs) (K Ibs)
Montgomery 13-18 26.1 5.3 20.8
Montgomery 12-18 20.7 0.9 19.8
Montgomery 14-18 13.7 0.8 12.9

b. The production from the three Candidate Wells was considerably less than
that from the Control Wells.

The projected five year cumulative production averaged 100.4 MMcf while
that from the seven Control wells averaged 745.0 MMcf or 7.4 times that
from the wells stimulated with the liquid CQO./sand process.

c. These poor responses from the wells stimulated with the CO,/sand process
are unquestionably related to a number of factors regarding the formation

characteristics of permeability, and pressure, but to a larger extent to the

reduced proppant volumes placed by the liquid-free treatments
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d. The ability to place the design quantities was obviously limited by

(D) The reduced pump rate of 40 barrels per minute, which was driven
i by a maximum tubular strength limitation of 6,500 psi.
(2)  High leak off rates into the formation.

P €. The costs for the COz/sand stimulations (6 wells - 9 stages) was $407,462
s or $45,274 per stage. Cost advantages resulted from a major reduction
pumping costs through the utilization of a locally available service
company, Halliburton Energy Services (HES). The original bid was much
greater and also required a significant mobilization charge. To a lesser
extent, a cost savings for CO; of $7,380 was realized by utilizing another
B supplier.

f In retrospect the inability of Halliburton to provide the design pump rate
primarily because of the significant CO; leaks and the utilization of small

diameter plungers compromised the ability to place proppant.

l ; g. Significant equipment problems with CO, leakage around the piston rods
was experienced. There were twelve Halliburton pumpers and the leakage
became so severe that they were not visible from the blender operators

position. They were shut down and partially remediated.
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Test Area #2 - Block MM (Hoover-Hatton)

Block MM has an areal extent of four sections. The previous spacing was 80 acres which
was, at the time, reduced to 40 subject to a pending request. There were 25 producing
wells in Block MM. Four CO,/Sand stimulation sites were offered. In-house electric logs

for sixteen were provided.

1. Control Wells - 10 Wells
Production Review and Projections
The production was plotted and the five year productionr projection exclusive of
flush production and non-productive intervals was generated as described under

the preceding METHODOLGY section.
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a. Control Well # 1 - Hatton 03-13 (32174} - Projected 5 Yr Prod 434.2
MMcf

Hatton #3 (32174) Crockett Co, TX
Block MM - Sec 13
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b. Control Well # 2 - Hoover 04-07 (34267) - Projected 5 Yr Prod 332.5
MMcf

Hoover #4 (34267) Crockett Co, TX
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e. Control Well # 5 - Hatton 02-08 (32004) - Projected 5 Yr Prod 163.1
MMcf

Hatton #2 (32004) Crockett Co, TX
Block MM - Sec 8
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f Control Well # 6 - Hatton 04-08 (32260) - Projected 5 Yr Prod 161.3
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Hatton #4 (32260) Crockett Co, TX
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g. Control Well # 7 - Hatton 03-14 (32182) - Projected 5 Yr Prod 146.5
MMcf

Hatton #3 (32182) Crockett Co, TX
Block MM - Sec 14
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h. Control Well # 8 - Hatton 01-08 (32003) - Projected 5 Yr Prod 131.4
MMcf

Hatton #1 (32003) Crockett Co, TX
Block MM - Sec 8
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Cum Prd (MMcf), Mnthly Prd x10
(MMcf)

100

10

i

Control Well # 9 - Hatton 02-13 (32165) - Projected 5 Yr Prod 91.6
MMcf

Hatton #2 (32165) Crockett Co, TX

Block MM - Sec 13
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] Control Well #10 - Hatton 01-13 (32143) - Projected 5 Yr Prod 65.3
MMcf

Hatton #1 (32143) Crockett Co, TX

Block MM - Sec 13
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2. Summary — Control Wells

The five year cumulative production from the ten Control Wells ranged between

62.8 and 434.2 MMcf and averaged 200.3 MMcf.

Production - Canyon Sands (G & H)
L Crockett Co, TX - Block MM (Hatton)- Sec's 8, 13 & 14
v 10 Wells - 10 Stages
Stimulation: Gelied Water - w/100,000 - 200,000 Ibs Proppant/Stg
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3. Candidate Well Selection - Three Wells

[ The three Candidate Wells and ten Control Wells situated in test area #2 and all
. were completed in the G & H Sands and stimulated with a single stage CO,/sand
treatment. The reservoir pressure was approximately 80 to 90% of the original and
the EUR's have to exceed 300 million cubic feet of gas equivalence (300 MMcf) to

| meet the operators minimum economic hurdle.

One of the originally proposed Candidate Wells in Block MM was, because of a
robust response to a liquid CO, only stimulation, removed at UPRC’s request and

a replacement substituted.

The originally proposed Candidate Well #3-17 was removed because of its
unusually large response to a 577 bbl {107 tons) CO, only stimulation. The original
g plan was to initially treat it with CO, only, monitor the production, and then
stimulate it with the CO./Sand process. Because the production response has been

. favorable, it was requested that another well, #7C-7, be exchanged for #3-17.
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a. Candidate Well #1 - Hatton 13-14 (36848)

The electric log indicating the perforated intervals follows below.

=————0 ON EST. "17* =
L T EHHATT T."17" #14
] s, N L p= S —
7 - i
= Sew ——
L T — —
| - 5 - = —
| - < = : P S
: i ' 1 T
Lo T e -
-t 1 — ;
- : 7159 =
-
i T
i } =
i : l
[ = -
Y
¥ h >
i i - = —
=5
I i \Er
T
dr
200 ===
r
Y r—d =
] T >
i
I
14 -
7 — e
{ _— = —
o —
. G -
==
l =
5
e .a@\q . I LEY ] —
)
5
- P
Sy i ey
| 7288 x k=
i . . by ) = =
e
e
L%
| A b Y]
“ = b
i s :
! LI i 1
[k ==
} -
" - 1
y
1
i
3 LI
1 Ll Ny
{ : =
o T ™ T g
1 7300 =
T ' =
i L .
= i 3 ;
¥ ,.,j-)-[“g L4 ol
] 1 e ]
o - T
13 _5_
4 ; "
—H - ¥
1
+ =
— = ;
Ly ST
z .. -
< -
= ]
U = o
%l Tl
-y
. -
- x -
o
LT o ct
"I._ r:
= o -t m

Page 97



Final Report — Demonstration of CO,/Sand Stimulations in Six Candidate Wells - Group #’s 1A & 1B -
(Crockett County, Texas) — December 1995 — Single and Two Stage Treatments
Contract #DE-AC21-94MC31199 — “Field Testing & Optimization of CO,/Sand Fracturing Technology”

b. Candidate Well #2 - Hatton 7C-7 (36960)

The electric log indicating the perforated intervals follows below.
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c. Candidate Well #3 - Hatton 8C-14 (36991)
The electric log indicating the perforated intervals follows below.
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4. Field Activities

a. Stimulations
These treatments were performed immediately following those of three
other Candidate Wells situated in Block NG (Montgomery) which were
each stimulated with two-stage COj/sand treatments. During those
treatments it became evident that the maximum pumping rate would be 40
barrels per minute as limited by a maximum allowable well head treating
pressure of 6,500 psi, and that the maximum sand concentrations for this

rate would be less than three pounds per gallon

A summary of the perforation, stimulation specifics (volumes, rates,
pressures) for all three of the Candidate wells is below and the individual
job summary logs and rate-pressure-sand concentration plots for each well

are also included as noted below.
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PETROLEUM CONSULTING SERVICES
P.0. BOX 35833

CANTON, OH 44735

(216) 499-3823

DATE 12/29/95 PAGE 1 OF 2
i WELL: HATTON 7C~7 HATTON 8C-4 HATTON 13-14
[ TARGET: L CANYON L CANYCN L CANYON
b SEC/BLK: 7 /MM 8/MM 13/MM
SURVEY: T & STL RR T & STL RR T & STL RR
[ FrL/F?L: 430S/330E  660S/2080E  1500N/467U
; CossT: CROCKETT/TX CROCKETT/TX CROCKETT/TX
. PMT #(42-105) 36960 36991 36848
GPERATGR: UPRC UPRC UPRC
ELEV GL: 2409 2375 2378
i TOT DPTH: 7585 7613 7525
| COMPL.TED : 11/03/95 09/19/95 09/04/95
{ STIMULATED: 12/15/95 12/15/95 12/15/95
PERFS: &3 71 56
i TOP: 7224 7164 7153
] BOT : 7420 7356 7326
Lol o —— ———— —_——
INTERVAL : 156 192 173
i ACTID( GAL ): 0 o 0
% " C02(BBLS ): 640 859 466
o {TONS ): 104 125 75
TOTAL : 149 165 119
! PAD{ BBLS ): 158 205 143
{ SL{BBL.S): 315 328 288
FLUSH( BBLS ): 127 126 35
; PMP(BBLS ): 640 659 466
[ SAND( SXS ): 112 140 139
IN WELL: 10 23 83
NET( SXS): 102 117 56
MESH: 20/40 20/40 20/40
N2 {MCF ): 104 15 97
RATE(BPM )
; AVG: 39.5 40.0 39 .0
. MAX : 42.0 42.0 47 .0
PRESS(PSI )
AVG: 5800 5800 6600
‘ MAX : 6050 6250 7400
i SND CONC( PRG )
L avGT 0.8 1.0 1.1
HMAX: 1.0 2.0 2.0
HORSEPOWER
; AVG: 5615 5686 &£309
i HMAY 2 APPSR AARA A7Q4
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. Final Report — Demonstration of CO»/Sand Stimulations in Six Candidate Wells - Group #'s 1A & 1B -
. (Crockett County, Texas) — December 1995 — Single and Two Stage Treatments
. : Contract #DE-AC21-94MC31199 — “Field Testing & Optimization of CO,/Sand Fracturing Technology”

| 12/29/95 PAGE 2 OF 2
' WELL : HATTON 7C-7 HATTON 8C-4 HATTON 13-14
¢ BRK DWN({PSI ):
P PRE ISIP(PSI) 6050 5900 6775
L RATE(BPM); 42 .5 ] 40.5 40 .8

ISIP(PSI ): 3624 3324 3103
. GRAD (PSI/FT) 0.49 0.46 0.43
[ F{PSI/100FT): 22 24 34
: 2 MIN(PSI): 3200

3 MIN{PSI): 3224
; AVGE SCkSL(SXS 112 140 139
. PRESS AT PERFS:

aMaxX P(PSI) 8847 9137 10370

) 8AavVG P(PSI) 8586 8586 9427
i AVG{ PSI )- 8717 8862 G899
i LIO (PSI/FT): 0.38 0.39 0.40

SG!: 0.88 0.90 0.92

Co2 YLD{BBL/T 6.2 5.3 6.2
j PRESS:
: OPN FLO:
i TIL:
- MCFD
{ AVG:

RECENT:
FROM:

SCREENOUT

Ww/56 SXS
. IN ZONE
I AVG SC TN
i ZONE=0 .69
PUMPING($) 8666 B6EE 8666
NZ 2933 724 2935
SAND 1248 3946 1846
MISC 2447 2638 2481
[ 16294 15974 15928 47196
coz2 F685 10725 7735
CO2-PORTABLES 200 200 200
BLENDER £000 6000 6000
LISC FEE 5000 5000 5000
TUBE TRLR 5500 5500 S500
. 26385 27425 24435 78245
: MOB ,PDIEM: 800
P TRCKNG
MISC 79 a0 100
TOT 41758 43479 41263 126500
5/ 5K 409 372 737
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N

Candidate Well #1 - Hatton 13-14 (36848)

The well was perforated with 56 holes over a 173 foot intervél from
7,153 to 7,326 feet.

The pressurized blender was transported to the well site on the day
of the treatment, December 15, 1995 and filled with 20/40 Brady
sand. The treatment was then executed, 13,900 lbs of proppant
were pumped at an average rate and pressure of 34.0 (39-5) barrels
per minute and 6,600 psi respectively. The maximum sand
concentration was 2.0 Ibs per gal, and averaged 1.1, the maximum
rates and pressures were 42.0 Bpm and 7,400 psi (screen out)
respectively. The instantaneous shut in pressure was 3,103 psi
which results in a gradient of 0.43 psi/ft. The stimulation pressure-

rate history plot is included.

The pumping operation was terminated because of a screen out. It
was being pumped at 39 bpm and a good deal of CO, leakage
around the piston rod packings (12 pumps) reduced the injection
rate by an estimated 5 bpm resulting in an actual through-wellhead
rate of 34 bpm. The in zone proppant volume was estimated 5,600

pounds.
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Final Report — Demonstration of CO»/Sand Stimulations in Six Candidate Wells - Group #’s 1A & 1B -
(Crockett County, Texas) — December 1995 — Single and Two Stage Treatments
Contract #DE-AC21-94MC31199 — “Field Testing & Optimization of CO,/Sand Fracturing Technology”

HALLIBURTON ENERGY SERVICES
ACQUIRE vVersion 2.1

CUSTOMER AND JOB INFORMATION

Customer u.P.9.6 Oate 15-Nec-1995
Contractor County CROCKETT
Lease EH HATTON Town
Lecation 0ZONA Sectien
Formation LOWER CANYON Range
Jab Type coz Permit Ng
Country U.S.A. Well Na 13-14
State TEXAS Field Name
Customer Representative FRED MEDQUSAL Halltburton Gperztor DALE PUTNAM Ticke: Mc. B28878
STAGE DESCRIPTIONS WELL CONFIGURATION INFORMATION
PRIME & TEST Packer Type Depth a ft
PAD 8ottom Hole Temp. 31,6 Deg F
.3 PP§ 20740
L PPG 20/40
2 PPG 20/40 PIPE CONFIGURATION
FLUSH
Wellbore Measured Casing Casing Tubing Tubing
Segment Depth ™0 10 a0 ¢ ac
Number  (fL) (ft) (inch} {inch) (inch} (inch)
1 7326 7328 3.930 4,500 0.000 {4.000
PERFORATIONS
Perforation Top dotton Shots per
Interval (TE) (ft} (ft)
1 1153 7328 ]

REMARKS ABOUT JOB

FRACTURE LOWER CANYCHN

THANR YOU

HALLIBURTON FENERGY FRAC CREW

HOTICE: THIS REPORT 1S BASED ON SDUMD ENGINFERING PRACTICES, BUT BECAGSE OF VARIABLE WELL CONDITIONS AMD OTHER INFORMATION WHIGH
HUST BE RELIED UPON, HALLIBUATON MAKES NO WARRANTY, TXPRESSED OR IMPLIED, AS TO THE AGCYURACY OF THE DATA DR OF AMY CALCULATIGHS

AR ADTMINME CYWIOTTCLN LfBE I VOl ANENTE FAT LA TANATAN LAl RAT DE 1 T4 DA AN 1 ACE A0 AAWART WGCTUES DL TA Ul Terane
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3 AT W T ]
P S e A

gebatng
PLAYBACK STRIP CHART
2L 4 S LA
TEATTTR

HEHEFEER RS

L 1. Casing Press (psi)
2. Slurry Rate 1 {bpm)
[ 3. Casing Press (psi) Avg for Stg
5 4. Slturry Rate {bpm) Avg for Stg
| 0 1 CASING PRESS psi 10000
' 0.00 ———— 3 SAND CONC 1h/gal ——————— 10.00
0.00 -----mm---- 4  FLUID COMC/BH Tb/gal  ~memmeme e 10.00
i 0 e ~ 5 [02 PRESS psi R 10000
i o o . " T " = >
{ ke 07:25:54
, PAUSE
:01:49
. 419
% 0.00
. 415
0.00
: :11:49
6028
; 41.63
; 8537
' 116:56
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(Crockett County, Texas) — December 1995 — Single and Two Stage Treatments
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Customer: U.P.0.G Date: 15-Dec-1995

.- Wall Desc: EH HATTON 13-14 Ticket #: 838878
] Formation: LOWER CANYON Job Type: C02
. J08 SUMMARY
.

JOB START TIME: 07:25:28
j JOB END TIME: 08:16:56
| J0B DURATION: 00:51:28

STAGES AND EVENTS:

[ Slurry
s Slurry Stage Casing

Chart Time Rate Volume Press. Remark
{bpm)  (gal) (psi)
[
i Event #1 07:25:28 0.00 g 0 Start Job

Stage #1 07:25:43 6.00 0 -1 START COOL DOWN

; Event #2 07:25:54 0.00 4] -1 Pause
i Event #3 08:01:49 0.00 0 419 Resume

Stage #2 08:01:53 D.00 5669 452 START PAD

Stage #3 08:05:29 35.11 2085 8262 START .5 PRG
Stage #4 08:06:50 38.83 6924 6632 START 1 PPG
Stage #5 08:10:59 41.04 | 3176 6475 START 2 PPG
Stage #6 08:12:48 40.84 1402 6775 START FLUSH

Event #2 08:13:54  0.00 0 3220 SCREENED OUT
Event #5 08:14:11  0.00 ¢ 3103 ISIP Casing Press 3103 (psi)
i Event #6 08:14:17  0.00 0 3074 165 SKS SAND PUMPED
! Event #7 08:14:35  ©0.00 0 3059 1400 GAL FLUSH BEFORE SCREEN
o D OUT
Event #8 08:16:56  0.00 0 2999 End Job
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L Contract #DE-AC21-94MC31199 — “Field Testing & Optimization of CO»/Sand Fracturing Technology”

b {7 Customer: U.P.0.G Date: 15-Dec-1995
.. Well Desc: EH HATTON 13-14 Ticket #: 838878

;- Formation: LOWER CANYON Job Type: CO02

) STAGE SUMMARY

1 Stage Times

f Start End Elapsed

§ Stage Time Time Time

: 1 07:25:43 08:01:53 00:36:10

2 08:01:53 08:05:29 00:03:36

i 3 08:05:29 08:06:50 00:01:21
! 4 08:06:50 08:10:59 00:04:09
. 5 08:10:59% 08:12:48 00:01:49
6 08:12:48 08:16:56 00:04:08

- Total 07:25:43 08:16:56 00:51:13

AVERAGES OR VOLUMES_PER_STAGE -- Planned Volume vs. Actual Volume

Pianned $1 Slurry

| JE Volume Volume
‘ {_lage {gal) (gatl)
1 1000 3
i 2 6000 5669
3 2045 2085
' 4 7319 6924
5 6547 3176
; . b 5280 1402
I Tot/Avg 28191 19256

P AVERAGES OR VOLUMES PER STAGE -- Strip Chart Variahles

Casing Prop Conc  Prop Conc co2
Pressure Slurry* Bottom* Pressure
Stage {psi) {1b/gal) {tb/gal) {psi)
1 416 0.98 6.00 aos
2 3022 0.44 0.94 2961
3 6417 0.37 0.46 6362
4 6538 1.10 0.41 6454
5 6620 1.80 1.28 6491
] 3906 0.53 1.24 3673
Tot/Avg 1756 0.92 0.73 1644

*Average based on volume.
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(fr, Customer: U.P.0.G Date: 15-Dec-1985
" Well Desc: EH HATTON 13-14 Ticket #: 838878
Formation: LOWER CANYON Job Type: (02

STAGE SUMMARY

MAXIMUM VALUE PER STAGE -- Strip Chart Variables

Casing Prop Conc  Prop Conc ca2
Pressure STurry* Bottom* Pressure
Stage {psi) (1bfgal) {1h/gal) {psi}
1 431 0.99 0.60 318
2 6532 0.98 0.97 6657
3 6655 0.51 0.91 6568
4 6663 1.40 1,23 6595
5 6809 2.33 1.33 6657
6 7368 1.39 1.33 6820
Max Job 7368 2.33 1.33 6820
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@

Candidate Well #2 - Hatton 7C-7 (36960)

The well was perforated with 63 holes over a 196 foot interval from
7,224 to 7,420 feet.

The pressurized blender was transported to the well site on the day
of the treatment, December 15, 1995 and filled with 20/40 Brady
sand. The treatment was then executed, 11,200 Ibs of proppant
were pumped at an average rate and pressure of 39.5 barrels per
minute and 5,800 psi respectively. The maximum sand

concentration was 1.0 lbs per gal, and averaged 0.8, the maximum

rates and pressures were 42.0 Bpm and 6,228 psi respectively. The

instantaneous shut in pressure was 3,624 psi, which results in a
gradient of 0.49 psi/fi. The stimulation pressure-rate history plot is
included. The in zone proppant volume was estimated 10,200

pounds.
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HALLIBURTON ENERGY SERVICES
ACGUIRE Versi_on 2.1

H
I
i
'

CUSTOMER AND JOB INFORMATION

Customer U.P.0.G Date 15-0ec-1895

Contractor County EROCKETY

Lease HOVER HAT Towh
[ Location 0ZaNA Section
E Formation LOWER CANYON Range
L Job Type coz Permit No

Country U.S.A. Well No 7c 47
[ State TEXAS Fleld Name
E
Lo Custamer Representative FRED MCDCUGAL Halliburion Operator DALE PUTHAM Ticket No. 83887¢
§ : STAGE DESCRIPTIONS WELL CONFIGURATION INFORMATION
{

PRIME & TEST Packer Type Depth 0Tt
o PAD gottom Hole Temp. 91.0 Deg F
i .5 PPG 20740
1 PPG 20/40 .
S FLUSH PIPE CONFIGURATION.
i wellbare Measured Cagsing Casing Tubing Tubing
| Segment  Depth VD i on 10 60
v Number  (Tt) (ft)  {inch) (inch)  (inch)  {inch)
1 T420 7420 3.950 4,500 0.000 0. 040

{ PERFORATIONS
[ perforation Top Jettom Shats per
i Interval  (ft) (ft) (ft)
i 1 1224 7420 a

REMARKS ABOUT JOB

. FRACTURE LOWER_CANYON

THANK YOU

HALLIBURTON ENERGY FRAC CREW
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FESEEHRHRER R RS
PLAYBACK STRIP CHART
FH AR R B
1. Casing Press (pst)
Z. Slurry Rate 1 {bpm}
3. Casing Press (pst} Avg for Stg
4. Slurry Rate {bpm) Avg for 35tg
0 1 CASING PRESS psi 10000
0.00 enereteneaeiees b 2 SLURRY RATE 1 bpm .......... — i s e 100.60D
0.00 -— =i 3 SAND CONC ih/gal ——rmimm i 10.00
0.00 ---nm------- 4  FLUID CONC/BH ib/gal  ---m-m-m-m-m 10.00
0 fmimeewi—em 5 (02 PRESS psi s mnmem 10000
B3 - 10:38:14
PAUSE
..... ShiEd L E : 3; 's : E ? 11:01:09
=TT : : ; : | z : 408
< : : ' : : ' 0.00
3.__: ..... D
¥ 0.00
E o s3
A
.‘i_ k"):\ S SO SOV B
-1 13:11:089
‘s{;‘,é 8715
30.58
2D 5717
= 7 39,59
"‘r-_' \'
31‘-*",&,5
2 11:22:03
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Customer: U.P.0.G Date: 15-Pec-1995
Well Desc: HOVER HAT 7c #7 Ticket #:; 838879
Formation: LOWER CANYON Job Type: (02

JOB SUMMARY

JOB START TIME:  10:37:57
JOB END TIME: 11:22:03
JOB DURATION: 00:44:06

STAGES AND EVENTS:

Slurrey
Sturry Stage Casing
Chart Time Rate Volume Press. Remark
(bpm)  (gal) (psi)

Event #1 10:37:57 G.00 0 0 Start Job
Event #2 10:38:01 0.00 0 167 START COOLDOWN
Event #3 10:38:14 0.00 0 172 Pause
Event #4 11:01:09 0.00 0 498 Resume
Stage #1 11:01:11 0.00 0 476 SKIP
Stage #2 11:01:17 0.00 8334 478 START PAD

Stage #3 11:07:46 36.11 5460 5940 START .5 PPG SAND
Stage #4 11:11:05 39.62 1377 5721 START 1 PPG
Stage #5 11:15:40 39.36 5350 5578 START FLUSH

Event #5 11:1B8:55 0.12 0 3624 ISIP Casing Press 3524 (psi)
Event #6 11:22:03 0.00 0 3089 End Job
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g
. LY
!
Customer: U.P.0.G Date: - 15-Dec-1995
L Well Desc: HOVER HAT 7c #7 Ticket #: B38879
L Formation: LOWER CANYON Job Type: CO2
g STAGE SUMMARY

MAXIMUM VAL UE PER STAGE -- Strip Chart Variable

} : ' Casing Prop Conc  Prop Conc coz
Pressure Sturry* Bottom* Pressure

Stage (psi) {1b/gal) {1b/gal) {psi)
(o i . 476 0.38 0.00 350
. 2 5968 0.44 0.34 5985
. 3 5944 0.63 0.14 5959
4 5757 6.69 0.61 5734
: 5 6050 G.59 0.63 5989
§ Max Job 6050 0.63 0.63 5989

@
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3)

Candidate Well #3 - Hatton 8C-4 (36991)

The well was perforated with 71 holes over a 192 foot interval from

7,164 to 7,356 feet.

The pressurized blender was transported to the well site on the day
of the treatment, December 15, 1995 and filled with 20/40 Brady
sand. The treatment was then executed, 14,000 Ibs of proppant
were pumped at an average rate and pressure of 40.0 barrels per
minute and 5,800 psi respectively. The maximum sand
concentration was 2.0 1bs per gal, and averaged 1.0, the maximum
rates and pressures were 42.0 Bpm and 6,434 psi respectively. The
instantaneous shut in pressure was 3,324 psi which results n a
gradient of 0.46 psi/ft. The stimulation pressure-rate history plot is
included. The in zone proppant volume was estimated 11,700

pounds.
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HALLIBURTON ENERGY SERVICES
ACQUIRE Versian 2.1

. CUSTOMER AND JOB INFORMATION

Customer U.P.G.8 Date 15-Dec-1883

Contractor County CROCKETT

Lease HOVER RAT Tawn

Location DZONA Section

Fermation LOWER CRyYON Range

Job Type coz Permit No

Country U.S. 4. Well No Bc #4

State TEXAS Field Name

Customer Representative FRED MCDOUGAL Halliburten Operator DALE PUTRAM Ticket No. B3ggao
{1
f STAGE DEBCRIPTIONS WELL CONFIGURATION INFORMATION
PRIME & TEST Packer Type Depth 0 ft
¢ PAD ' Sottom Hole Temp. 91.0 Deg F
I . .5 PRG 20/40 :
1 ; 1 PG 20040
2 PFG 20/40 PIPE CONFIGURATION
. FLUSH
% Wellbore Measured Casing Cesing Tubing Tubing
: Segment  Depth  TVD 1 00 10 0o
thamher {ft) {ft3 {inch) {inch) {inch) (inch)

. 1 7356 7356 3.450 4.500 0.0q0 0.000
i
b PERFORATIONS
j Perfaration Top fottom  Shots per
Interval  (ft) (ft) (f1)
: 1 7164 7356 !

REMARRS ABOUT JOB

FRACTURE LOWER CANYON

THANK YOU

HALTIBURTON ENERGY FRAC CREW
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’#JJBMAJL.IL

HRENTER AR EAT R RN RS
REALTIME STRIF CHART
EREHRE R R F
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2. Siurry Rate'l {bpm)
3. Casing Press (psi}) Avg for Sty
4. Slurry Rate (bpm) Avg for Stg
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0.00 2 SLURRY RATE 1 DM e 100.00
0.00 ————— - 3 SAND CONC Ihfgal - — = - 10.00
0.00 ------------ 4 FLULD CONC/BH Tbjgal -mmmmemmmenes 10.00
0 mememememee B (02 PRESS psi e - 10000
EZ2 12:46:43
PEUSE
x 14:11:55
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4 0.00
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§ 0.0
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L
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L SEY TR 5748
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7 e
ﬁ:‘n. T S Gl
o 1
2 i 14:31:55
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Customer: U.P.D.G Date: 15-Dec-1995
Well Desc: HOVER HAY 8¢ #4 Ticket #: 838880
Formation: LOWER CANYOHN Job Type: (02

: JOB SUMMARY

JOB START TIME:  13:46:23
. JOB END TIME: 14:33:21
! JOB DURATION: 00:46:58

STAGES AND EVENTS:

[ Slurry
L - Slurry Stage Casing
‘ Chart Time Rate Volume Press. Remark

{bpm)  {gal} (psi)

Event #1 13:46:23 0.00 ) 0 Start Job
. Stage #1 13:45:28 0.00 0 156 COOL DOWN PUMPS
-} Event #2 13:46:42 0.00 ] 158 Pause

Event #3 14:11:54 g.00 H] 466 Resume

P Stage #2 14:11:57  0.00 8595 459 START PAD

- Stage #3 14:18:21 37.93 3854 6013 START..5 PPG SAND
Stage #4 14:20:48 36.96 8280 5795 START 1 PPG

s Stage #5 14:25:48 40.40 2254 5717 START 2 PPG SAND

[ Stage #6 14:27:07 40.47 5291 5665 START FLUSH

- Event #4 14:30:28 0.0¢ 0 3324 ISIP Casing Press 3324 {psi)
Event #5 14:33:21  0.00 0 3224 End Job
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3
Customer: U.P.0.G Date: 15-Dec-1905
Well Desc: HOVER HAT 8c #4 Ticket #: 838880
Formation: LOWER CANYON : Job Type: €02
STAGE SUMMARY
Stage Times
Start End Elapsed
Stage Time Time Time
1 13:46:28 14:11:57 00:25:29

2 14:11:57 14:18:21 00:06:24
3 14:18:21 14:20:48 00:02:27
4 14:20:48 14:25:48 00:05:00
5 14:25:48 14:27:07 00:01:19
6 14:27:07 14:33:21 00:06:14
Total 13:46:28 14:33:21 00:46:53

.G)ERAGE§ OR VOLUMES PER STAGE -- Planned Volume vs. Actual Volume
Planped S1 Slurry

Volume Volume
Stage {gal) (gal)

1 1000 ¢

2 9000 8595

3 4091 3854

4 8365 8280

5 2182 2254

§ 5288 5291
Tot/Avg 29926 28273

AVERAGES OR VOLUMES PER STAGE -- Strip Chart Variables

Casing Prop Conc  Prop Eonc €0z
Pressure Slurry* Bottom* Pressure
Stage (psi) {1b/gal) {1b/gal) {psi}
1 158 0.01 0.00 161
41876 0.08 0.08 4888
3 5859 0.40 0.08 5850
4 5806 0.85 g.51 5742
5 5681 1.35 0.94 5578
6 4493 0.66 1.14 4330
”'}/Avg 5080 0.56 0.55 5014

*Average based on volume.
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~—

Customer: U.P.0.G Date: 15-0ec-1995
Well Desc: HOVER HAT 8c #4 Ticket #: 838880
Formation: LOWER CANYON Job Type: C02

STAGE SUMMARY

MAXIMUM VALUE PER STAGE -~ Sfrip Chart Varjables

Casing Prop Conc  Prop Conc co2
Pressure Slurry* Bottom* Pressure
Stage (psi) {1b/gal) (1b/gal) {psi)
1 451 0.01 0.00 364
2 6268 0.18 0.15 . 6334
3 6006 0.66 g.12 6006
4 6002 1.09 0.83 5863
5 5722 1.46 1.08 5629
6 5871 1.40 1.44 5826 :
Max Job 5268 1.45 1.44 6334
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4

Stimulation Summary

One of the three wells (#13-14) screened out and was terminated. It
was being pumped at 39 barrels per minute and a good deal of CO,
leakage around the piston rod packings on the pumps reduced the
injection rate. The other two wells were treated without incident
and the design sand schedule was achieved, resulting in "in-zone"
sand volumes of 5,600, 10,200, and 11,700 pounds, or
approximately twelve percent of that placed in conventional

treatments.

The following proppant volumes were placed:

Pumped Removed from well | Net in zone

Well

(sacks) (sacks) (sacks)

Hatton 13-14

139

83

56

Hoover 7C-7

112

100

102

Hatton 8C-4

140

23

117

The stimulation treatments are summarized as follows:

Well

Pumped

Sand (sacks) Max Tr Press [ Avg Rate Sand Conc
In-Zone Pst BPM Max Avg

13-14

139 56 7.400* 39.0 2.0 1.1

% 7C-7

112 102 6,050 39.5 1.0 0.8

8C4

140 117 6,250 40.0 2.0 1.0

* Well equipped with P-110 casing

b.

(D

Post Stimulation

Flow Back Procedures
The flow back procedure was initiated immediately following the
removal of the stimulation hardware. The flow was restricted with a

choke to enable the CO, vapor to flow safely. The choke size was
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increased as the pressure diminished and the CO, concentration was
Ll monitored. Some sand was produced as was expected because of

the intentional under flush.

¢ (2) Cleaning Frac Sand from the Well Bore

. Following the stimulations the three Candidate wells were all
[ cleaned by jetting the sand from them with nitrogen gas. The three
Candidate wells were as is generally the case with the CO,/sand
. stimulations - because of the designed under flush, found to have

sand in them above the perforations.

. Well Perf Intvl Dpth-Top Prf | Sand Top Fill-up Clean Out Depth

(f) ®) () (&) (Ibs) (&)
| : Hatton 13-14 7,153 — 7,326 7.153 6,516 147 (8,300) 7.467
| | Hatton 7C-7 7,224 — 7,420 7,224 7,413 115 (1,000) 7,528
| Hatton 8C-14 7,164 - 7,356 7,164 7.349 257 (2,300 7,613

N

(3)  Tubing Installation
5 The flowing bottom hole pressures on all three of the CO,/Sand
a stimulated wells in the Hoover Hatton area (single stage) were
measured. Two of the wells, 7C-7 and 8C-4 had abnormally high
flowing bottom hole pressure, 1000-1300 psi. Tubing strings were
subsequently planned for these two wells, which were producing at
130 and 70 Mcfd, respectively. The production rates were expected
to increase when the tubing is installed. The third well, 13-14, was
producing 8 Mcfd and has a flowing bottom hole pressure of 820-
850 psi. It was considered as a candidate for re-stimulation but
UPRC presently believed that the geology is very poor and that a

re-stimulation is unwarranted. The well is between two wells with
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reasonably good production, no plans are being made either to

B install tubing or re-stimulate the well.

The production from wells in the Hoover Hatton area increased

approximately 20% following the installation of tubing.

5. Results - Production Comparisons

- a. Candidate Well #1 - Hatton 13-14 (36848)

Well 13-14 had poor geology and poor production from the outset.
Apparently tubing was not installed although it was reported to have been.

Hatton #13-14 (36848) Crockett Co, TX
(. Block MM - Sec 13
Liquid CO, Stim w/5,600 Ibs prop

P 1000 r
B Titd 4 Yr Postotm Cum =356 Met |
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*
2
: 0o
i =
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I=
¥ =%
S — —
Lo § E —-____'___----"'—'-—-:;—_- sAAALGABA
= YT L _ (-0.0261 Mo)
. é 'tog- -J/ AAAA‘“AAAA McfD 511910
' o 10 ;&!é e
{ o :._//‘ i
g //AMLAAMA n 2 WLL LY VPN LT
A 2op
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I/‘ -
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|
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N Hatton 13-14 was re-stimulated following the May 1996 approval by the
1 : DOE. It was stimulated with 584 sacks of sand in 4,238 barrels of gelled
water. A previously unstimulated uphole Canyon Sand interval was also
included in the treatment. Immediately prior to the stimulation, the total
depth was 7,246 fi. Evidently 37 of the 57 perforations in the previously

treated interval had been covered with sand since January 1996.
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Cum Prd (MMcf), Mnthly Prd x10
(MMcf)

1000
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b. Candidate Well #2 - Hatton 7C-7 (36960)

Hatton #7C-7 (36960) Crockett Co, TX

Block MM - Sec 7
Liguid CO, Stim w/10,200 Ibs prop
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Candidate Well #3 - Hatton 8C-14 (36991)
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Hatton #8C-4 {36991) Crockett Co, TX
Block MM - Sec 8
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d. Summary — Candidate Wells

The five year cumulative production from the three Candidate Wells ranged
between 35.6 and 89.9 MMcf and averaged 56.7 MMcf.

Production - Canyon Sands (G & H)
Crockett Co, TX - Block MM (Hafton)- Sec's 7, 8, & 13
3 Wells - 3 Stages
Stimulation: CO,/Sand - 1 Stage - w/5,600 - 11,700 Ibs Proppant/Stg
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e. Production Comparisons — Summary
The production from the three Candidate Wells was considerably less than
that from the Control Wells. The projected five year cumulative production
ranged from 35.6 to 89.9 MMcf and averaged 56.7 MMecf. That from the
ten Control wells ranged from 62.8 to 434.2 MMcf and averaged 200.3
MMcf or 3.5 times that from the wells stimulated with the liquid CO,/sand

process.
5 Yr Prod 5 Yr Prod Prod
Well Pmt # 42-105- Proj Actual Mo Stim
. Xxxx (MMcf) (MMcf) Type, Sxs, Bbls
Hatton 03-13 32174 434.2 449.6
Hoover 04-07 34267 332.5 255.7
Anderson 01-14 32307 292.5 173.0 40
Hatton 01-14 32124 187.0 199.4
Hatton 02-08 32004 163.1 166.9
Hatton 04-08 32260 161.3 150.1
Hatton 03-14 32182 146.5 160.0
Hatton 01-08 32003 131.4 109.7
Hatton 02-13 32165 91.6 89.9
Hatton 7C-7 36960 89.9 79.1 46 CO, 102, 640
Hatton 01-13 32143 62.8 65.3
Hatton 8C-4 36991 44.6 443 45 CO; 117, 659
Hatton 13-14 36848 35.6 23.8 45 CO, 56, 466

The poor responses from the wells stimulated with the CO,/sand process arc
unquestionably related to a number of factors regarding the formation
characteristics of permeability, and pressure, but to a larger extent to the reduced

proppant volumes placed by the liquid-free treatments.
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A UPR Inter-Office Correspondence (09/18/96) related:

- “... A final review of the CO; + sand (no water) fracture treatments indicated that
these treatments under perform water-based fluids. The three wells stimulated with
CO;, fracture treatments produced an average of 12.7 MMCF in six months,
compared to 17.2 MMCEF for offset wells (about 35% more that the CO, wells).
EURs for the CO, wells averaged 111 MMCF compared to 233 MMCF for offset
wells. Initial production from the wells stimulated using CO, was encouraging
(115 MCFD vs. 123 MCFD), but production declined rapidly. Therefore, it is
recommended that all CO; wells be re-fractured and/or re-completed into upper
Canyon zones and commingled.”

“The average EUR for wells drilled in 1994-96 is 306 MMCF (excluding CO,
» wells) compared to 593 MMCF for older wells. The decline in EUR is primarily
due to offset well drainage. The. results from 1-stage and 2-stage fracture
treatments showed almost identical results (EUR’s of 305 vs. 307 MMCEF). This
may be due to poor zone selection (one stage isn’t contributing), cross-flow,
increased liquid loading, etc. Additional work is planned to better define the effects
of staging....”
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Average Production - Canyon Sands (G & H)

Crockett Co, TX - Block MM (Hatton)- Sec’s 1,2, 3,4, 7, 8, &13
10 Wells - 10 Stages
Stimulation: Gelled Water (7 wells) - w/100,000 - 200,000 Ibs Proppant/Stg
CO./Sand (3 wells) - w/5,600 - 11,700 tbs

1,000

OOMOOOOEN————
£ | soonoononoOnoEOCHEEEE

100 mooopannot:

Cum Prd
(MMcf)

10

0 6 12 18 24 30 36 42 48 54 60 66

Months

O Gelled H20 wf 160,000 - 200,000 Ibs prop (200.3MMci)
® CO2/Sand wf 5,600 - 11,700 ibs prop (100MMcf)

- 6. Conclusions - Test Area #2

a. Liquid CO,/sand stimulations were somewhat successfully pumped in the
Canyon Sands. Although it had not been conclusively established that they
could be successfully pumped they were, but at considerably reduced

proppant volumes than the design.

b. The production from the three Candidate Wells was considerably less than
that from the Control Wells.
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The projected five year cumulative production averaged 56.7 MMcf while
% that from the ten Control wells averaged 200.3 MMcf or 3.5 times that
from the wells stimulated with the liquid CO,/sand process.

c. These poor responses from the wells stimulated with the CO»/sand process
are unquestionably related to a number of factors regarding the formation
characteristics of permeability, and pressure, but to a larger extent to the

P reduced proppant volumes placed by the liguid-free treatments

d. The proppant volumes placed were much less than the design and ranged
from 5,600 to 11,700 pounds or approximately twelve percent of that

placed in conventional treatments. The actual volumes placed in zone were:

Pumped Removed from well Net in zone
¢ Well (K Ibs) (X 1bs) (K lbs)
L Hatton 13-14 1.39 8.3 5.6

Hoover 7C-7 11.2 1.0 10.2
Hatton 8C-4 14.0 2.3 11.7

And, the ability to place the design quantities was obviously limited by

(1)  The reduced pump rate of 40 barrels per minute, which was driven
by a maximum well head pressure of 6,500 psi.

(2)  High leak off rates into the formation.

After the tubing was installed, the production levels would not support the
additional expense of CO,/Sand stimulations, even if the well with poor
geology, 13-14, is eliminated.
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e. | The costs for the COy/sand stimulations (6 wells - 9 stages) was $407,462
. or $45,274 per stage. Cost advantages resulted from a major reduction in
i pumping costs through the utilization of a locally available service
(o company, Halliburton Energy Services (HES). The original bid was much
5 greater and also required a significant mobilization charge. To a lesser

g extent, a cost savings for CO, of $7,380 was realized by utilizing another
L supplier.

o f In retrospect the inability of Halliburton to provide the design pump rate
primarily because of the significant CO, leaks and the utilization of small

diameter plungers compromised the ability to place proppant.
Significant equipment problems with CO, leakage around the piston rods was experienced. There

were twelve Halliburton pumpers and the leakage became so severe that the pumpers were

obscured from the blender operators position. They were shut down and partially remediated.
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XVI. COSTS

A, Projected

The estimated stimulation costs were significantly greater than those budgeted $45,274 vs.
67,055. The increases are due primarily to:

Higher horsepower requirements

The subject wells were projected to require greater pumping horsepower, 6,643-
7,200 rather than the 4,000 utilized in the budget which adds an additional
$10,414-13,000 per stage.

Full horsepower charge for both stages.
Canadian Fracmaster was unwilling to provide the pumping for the second stage
except for full single stage cost which was projected to add an additional $33,840

to the second stage treatment.

Mobilization costs - Universal Well Services was unwilling to involve any third
party pumping service companies. They were willing to transport their pumping
equipment from the eastern U.S. per their schedule, or to utilize Canadian
Fracmaster's pumping equipment. A complete frac spread from Universal would

only be made available in the spring, during their slow period.

They were willing to involve Canadian Fracmaster with equipment mobilized from
Red Deer, Alberta. Universal was willing to provide two (2) pump trucks, the
blender, and a frac van to be used in conjunction with Canadian Fracmaster's

hardware pump trucks (1,800 HHP each).
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Under both scenarios the mobilization costs were expensive and only become

reasonable if they were amortized over a number of stimulation events.

The mobilization costs for the subject wells were estimated at $24,000 which
included mobilization only from Grand Junction, Colorado, providing that the
treatments could be scheduled to complement Canadian Fracmaster's scheduled

trip to Grand Junction. Otherwise, an additional $35,640 would be required.

The cost of CO,/Sand stimulations was estimated to be $44,000 greater than

conventional treatments.

Wells | Stages | Stim Cost ($) | Contingencies ($) | Est DOE Cost ($)

6 9 191,164 15,000 = $206,164

B. Actual

The Halliburton invoices were reviewed and approved. The final approval costs were:

UPRC to Pay UPRC Net PCS Net
Halliburton $158,070.67 $ 80,208.05 $77.862.62
Flo CO, 97,380.00 48,690.00 48,650.00
Universal 132,350.05 66,175.03 66,175.03
Guardian 19.661.53 19.661.53 £.00
Total $407,462.25 $214,734.61 $192,727.65

C. Projected vs. Actual
The estimated cost for stimulating the wells (6 weﬂé - 9 stages) was reduced from
$609,445 to $407,462. The reduction was due primarily to a major reduction in pumping
costs which resulted from the utilization of a locally available service company,
Halliburton Energy Services (HES). The original bid was much greater and also required a
significant mobilization charge. To a lesser extent, a cost savings for CO, of $7,380 was

realized by utilizing another supplier.
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{ ; The Department of Energy (DOE) cost-shared portion was 50% of the stimulation costs
and the operator, UPRC, was responsible for the remaining 50%.

XVIL. CONCLUSIONS — TEST AREAS 1 AND 2

[ A. With one exception, all nine stages, six on the Montgomery lease and three on the Hatton
leases were rate-limited to approximately 40-43 barrels per minute because of the
[ maximum allowable wellhead treating pressures of approximately 6,200 psi. Forty barrels
per minute is approaching the minimum injection rates to reliably transport 20/40 size sand

proppant.
% B. The production from the Candidate Wells was disappointingly low:

1. Test Area #1 Block NG (Montgomery)
The projected five year cumulative production averaged 100.4 MMcf while that

from the seven Control wells averaged 745.0 MMcf or 7.4 times that from the
wells stimulated with the liquid CO,/sand process.

2. Test Area #2 Block MM (Hoover)
The projected five year cumulative production averaged 56.7 MMcf while that
_ from the ten Control wells averaged 200.3 MMcf or 3.5 times that from the wells
. stimulated with the liquid CO,/sand process.

C. These poor responses from the wells stimulated with the CO./sand process are
unquestionably related to a number of factors regarding the formation characteristics of

permeability, and pressure, but to a larger extent to the reduced proppant volumes placed

by the liquid-free treatments
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D. The placed proppant volumes with the CO/sand process were much lower than the design

volumes:

1. Test Area #1 Block NG (Montgomery)
The proppant volumes placed were much less than the design and ranged from
8,100 to 24,200 pounds per stage. If the lowest volume, 8,100 pounds is removed,
the five stage range was 10,400 to 24,200 and averaged 17,600 pounds or

w approximately twelve percent of that placed in conventional treatments.

| The actual volumes placed in zone were:

j Stage 1

l‘ Pumped Removed from well | Net in zone

) Well (K Ibs) (K. Ibs) (K Ibs)

Montgomery 13-18 26.5 2.3 24.2

k Montgomery 12-18 25.0 14.6 10.4

- Montgomery 14-18 11.5 3.4 8.1

Stage 2

P Pumped Removed from well | Net in zone

o | well (K lbs) (X Ibs) X Ibs)
Montgomery 13-18 26.1 33 20.8 ]
Montgomery 12-18 20.7 0.9 19.8
Montgomery 14-18 13.7 0.8 12.9
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The treatments are summarized

Sand {sacks) Max TrPress | AvgRate |  Sand Conc (Ib/gal)

. Well Stg | Pumped In-Zone Psi BPM Max Avg
N M#13 1 265 242 6,200 47.0 3.0 2.0
L M#13 2 261 208 5,796 40.0 3.0 1.5
. M#12 1 250 104 6,500 40.0 2.0 1.4
L M#12 2 207 198 6,100 43.0 2.0 1.6
M#14 1 115 81 5,590 39.6 2.0 0.9
Mi#14 2 137 129 5,600 43.0 2.0 1.2

2. Test Area #2 Block MM (Hoover)
L. The proppant volumes placed were much less than the design and ranged from
5,600 to 11,700 pounds or approximately twelve percent of that placed in

conventional treatments. The actual volumes placed in zone were:

Pumped Removed from well | Net in zone
- Well (K lbs) (K lbs) {K lbs)
¥ Hatton 13-14 1.39 8.3 5.6
- Hoover 7C-7 11.2 1.0 10.2
Hatton 8C4 14.0 2.3 11.7

And, the ability to place the design quantities was obviously limited by
(1)  The reduced pump rate of 40 barrels per minute, which was driven

by a maximum well head pressure of 6,500 psi.

(2)  High leak off rates into the formation.
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The treatments are summarized

Sand (sacks) Max Tr Press | AvgRate | - Sand Conc (Ib/gal)
Well Pumped | In-Zone Psi BPM Max - Avg
Hatton 13-14 139 56 7,400 39.0 2.0 1.1
Hoover 7C-7 112 102 6,050 39.5 1.0 0.8
Hatton 8C-4 140 117 6,250 40.0 2.0 1.0

E. The costs for the CO,/sand stimulations (6 wells - 9 stages) was $407,462 or $45,274 per
stage. Cost advantages resulted from a major reduction in pumping costs through the
utilization of a locally available service company, Halliburton Energy Services (HES). The
original bid was much greater and also required a significant mobilization charge. To a
lesser extent, a cost savings for CO; of $7,380 was realized by utilizing another supplier.
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PETROLEUM CONSULTING SERVICES

P O BOX 35633

CANTON, OHIO 44735-5833

(216) 4583823

COST DETAIL 12/19/86
P WELL: Mi2 Mi2 M4 7C7 8C4 1344

STAGE: 1 1 1 1 1 1
{ DATE: 12/12/95 12/12/85 121395 12/15/95 12/15/95 12/15/85
|
H
' HES

PUMPING: 13000.00 13000.00 26000.00 8666.58 8666.66 8666.65
] SAND: 382,50 2345.43 178220 1247.54 394630 1845.85.
| DRAYAGE: 85312 110,00 365.75 85312 85312
L WASH: 30.00 280.25

MISC: . 3682.20 110,00 1793.50 263714 182760

i. S —— — e — —
f TOT 16885.62 19417.98 28257.95 12360.82 1525010 1288313

STAGE: 2 2 2 N/A N/A N/A
. DATE: 12/14/95 1211 4/95 1211 4/85
L
! HES :
’ PUMPING: 8566.66 8666.68 8666.66

SAND: 2711.48 418817 1807.68
¢ DRAYAGE: 55646 858,51 887.34
{ WASH: 98.75
Lo MISC: 1122238 336250
¢ TOT 1193461 25035.34 1470418
i
{ Ne _

STAGE: 1842 182 182 1 1 1
- N2: 3248.00 4774.40 2048.00 168400 240.00 1552.00
P PMPNG: 285.00 286.00 $05.00 $85.00 28.50 886,00
i ADD'L PMPNG: 1600.00 800,00

MISC: 28500 1240.00 285.50 283,50 455,00 397.50

I TOT £388.00 7099.40 3318.50 283260 723.50 2034.50

TOTHES 3418823 5185262 4628061 15298,32 15973.60 15927.63 17921 8.01
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{
| FLOCo2
L STAGE 1
coz: 9490.00 1033500 12155.00 £685.00 10725.00 7735.00
[ PRTBLES: 200.00 200.00 200,00 20000 200.00 200.00
- MISC: - 545,00 582,50 545.00 80.00 80.00 100,00
L STAGE 2
coz 10270.00 10780.00 10780.00
; PRTBLES: 200,00 200.00 200,00
! MISC: 548,00 £82 50 545,00
i
{ —— — —— — —— —
TOT 21250.00 22690.00 | 2443500 " 298500 11005.00 8035.00 $7380.00
{ uws
I STAGE 1
) BLENDER: 8000 €000 8000 6000 6000 6000
USCFEE: 5000 5000 5000 50600 5000 5000
I TUBE TRLR: B600 5600 5600 5500 5500 $800
i MI&P DIEM: 2084 4583 2884 . BOO
‘ STAGE 2 .
BLENDER: 0 0 (i}
i LISC FEE: 5000 5000 5000
-“ TUBE TRLRA: 2500 2500 2500
1 — PP ——— ———— [R—— ———
0T 2698400 28583.00 26984,00 18500.00 16500.00 17300.00 132851.00 -
;f : TOTALS 409447.01
- HES
PUMPING: 21666.66 21856.66 3486866 £666.66 2588.68 8656.86
o SAND: ) 28093.00 8533.60 3880.08 124754 3048.30 184585
1 DRAYAGE: 1209,58 969,51 123309 65312 0.00 65312
- WASH: 20.00 37900 0.00 0.00 0.00 0.00
f MISC: .00 14904.45 3472.50 1783.50 2637.14 1827.50
N2 3248,00 4774.40 2048.00 1664.00 © 24000 1552,00
i PMPNG: 285.00 285.00 885,00 985.00 28,50 885.00
. ADD'L PMPNG: 1600.00 800.00 0.00 0.00 0.00 000
L MISC: 255.00 1240.00 285 50 283.50 455,00 297.50
f 34188.23 5155282 48280.51 1508332 15973.60 18827.63
P
[
FLOCO2
Coa: 19760.00 21125.00 22945.00 9585.00 10725.00 7735.00
PRTBLES: 400.00 400.00 400.00 200,00 200.00 200.00
MISC: 1080,00 1165.00 1090,00 80.00 80.00 100.00
21250.00 22650.00 24435,00 $965.00 11005.00 8035.00
uws 26884.00 29683.00 26584.00 18500.00 16500.00 17300.00
TOT 8242223 102826.82 2760961 41758,32 43478.60 4126283 408447.01
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F. In retrospect the inability of Halliburton to provide the design pump rate primarily because
of the significant CO; leaks and the utilization of small diameter plungers compromised the
ability to place proppant.

Significant equipment problems with CO, leakage around the piston rods was experienced.
There were twelve Halliburton pumpers and the leakage became so severe that they were
not visible from the blender operatofs position. They were shut down and partially

remediated.

G. Summarizing, the conclusion is that fracture lengths longer than those which can be
generated with CO,/Sand stimulations are required in this area. It is too "tight".

H The production from only one well, Montgomery #14, exceeded the economic hurdle rate,
the others are significantly below the economic rate, the conclusion is that larger fracture
lengths than can be generated with CO,/Sand stimulations are required in this area. It is

too "tight".

This concludes the project effort for the demonstrations of the liquid CO,/sand stimulations in 6 wells (9
stages) operated by Union Pacific in The Canyon Sands in the Ozona field (Crocket Co, Texas). They are
now owned and operated by Anadarko Petroleum. The conclusions indicate that because of the inability
to place adequate proppant volumes that the results are an economic failure, and that there is little

likelihood of practically placing increased proppant volumes.
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Final Report — Demonstration of CO,/Sand Stimulations in Three Candidate Wells (San Juan County,
New Mexico) — January 1996 — Single Stage Treatments - Amoco
Contract #DE-AC21-94MC31199 — “Field Testing & Optimization of CO,/Sand Fracturing Technology”

DISCLAIMER

This report was prepared as an account of work sponsored by an agency of the United States Government.
Neither the United States Government nor any agency thereof, nor any of their employees, makes any
warranty, express or implied, or assumes any legal hability or responsibility for the accuracy, completeness, or
usefulness of any information, apparatus, product, or process disclosed, or represents that its use would not
infringe privately owned rights. Reference within to any specific commercial product, manufacturer, or
otherwise does not necessarily constitute or imply its endorsement, recommendation, or favoring by the
[ United States Government or any agency thereof. The views and opinions of authors expressed herein do

not necessarily state or reflect those of the United States Government or any agency thereof.
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Final Report - Demonstration of CO,/Sand Stimulations in Three Candidate Wells {San Juan.County,
New Mexico) — January 1996 — Single Stage Treatments - Amoco
Contract #DE-AC21-94MC31199 — “Field Testing & Optimization of CO»/Sand Fracturing Technology”

ABSTRACT

The demonstration of a 100% liquid free CO,/sand stimulation process was executed on three wells (three
stages) in the Fruitland Coal in San Juan Co, New Mexico. The process is unique in that becanse CO, is the
only fluid which enters the formation, it requires a specialized closed system, pressurized blender to mix up to
45,000 pounds of proppant with the CO,. The CO; vaporizes at reservoir conditions and leaves a liquid-free
proppant pack. The reduced proppant volume (45,000 vs. 250,000 pounds) from that used with the
conventional water-based stimulations was recognized; however, the reduction in formation damage frdm

retained liquids could have resulted in a net benefit.

The three Candidate Wells were selected and stimulated with CO,/Sand in January 1996. The wells had
limited sand volumes placed and have not produced at economic rates. The production from all three has been
generally lower than that from conventionally stimulated wells. The limited placement of sand is suspected of
bemg a result of the very large number of perforatibns, approximately 300 which reduced the transport

velocity; and additional testing with significantly fewer perforations is recommended.
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Final Report — Demonstration of CO,/Sand Stimulations in Three Candidate Wells (San Juan County,
New Mexico) — January 1996 — Single Stage Treatments - Amoco
Contract #DE-AC21-94MC31199 — “Field Testing & Optimization of CO,/Sand Fracturmg Technology”

I. ABSTRACT
The demonstration of a 100% liquid free CO,/sand stimulation process was executed on three wells
(three stages) in the Fruitland Coal in San Juan Co, New Mexico. The process is unique in that
because CO; is the only fluid which enters the formation, it requires a specialized closed system,
pressurized blender to mix up to 45,000 pounds of proppant with the CO;. The CO; vaporizes at
reservoir conditions and leaves a liquid-free proppant pack. The reduced proppant volume (45,060 vs.
250,000 pounds) from that used with the conventional water-based stimulations was recognized;

however, the reduction in formation damage from retained liquids could have resulted in a net benefit.

The three Candidate Wells were selected and stimulated with CO»/Sand in January 1996. The wells
had limited sand volumes placed and have not produced at economic rates. The production from all
three has been generally lower than that from conventionally stimulated wells. The limited placement
of sand is suspected of being a result of the very large number of perforations, approximately 300
which reduced the transport velocity; and additional testing with significantly fewer perforations is

recommended.

IL. INTRODUCTION

In 1995 Amoco Production Company (Amoco) - now BP - had an active drilling program in the
Fruitland Coals in San Juan County, New Mexico _and indicated a strong interest in participating in
the DOE’s cost shared demonstration project to evaluate the potential of the liquid-free, CO./Sand
stimulation technology.

The Candidate Wells were considered to provide a good opportunity to demonstrate the CO,\Sand
stimulation process in a liquid-sensitive reservoir where the capillary retention of stimulation liquids

was known to be detrimental to gas production.

If the treatments turned out to be successful, then the marginal nature of this portion of this reservoir

(Type I11) would become more economically attractive.
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Final Report — Demonstration of CO»/Sand Stimulations in Three Candidate Wells (San Juan County,
New Mexico) —~ January 1996 — Single Stage Treatments - Amoco
Contract #DE-AC21-94MC31199 - “Field Testing & Optimization of CO,/Sand Fracturing Technology”

BACKGROUND

The wells producing from the Fruitland Coals in San Juan County (Figure 1) which are located onthe
“Fairway” are very prolific gas producers and are designated as Type I. The Candidate Wells which
were offered by Amoco were situated southwest of the “Fairway” in an economic "fringe” area where
the coals are designated as Type III where the reservoir pressure is lower, the formations are dry, and

the clean up time from the conventional nitrogen foam stimulations is longer.

Figure 1
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~ Final Report — Demonstration of CO»/Sand Stimulations in Three Candidate Wells (San Juan County,

New Mexico) — January 1996 — Single Stage Treatments - Amoco
Contract #DE-AC21-94MC31199 — “Field Testing & Optimization of CO,/Sand Fracturing Technology”

IV.

The Type I Fruitland Coals are liquid free, except for some occasional condensate production,
which may reside in the Pictured Cliff Sandstone (PC) which is subjacent to the basal coal member.
The Fruitland Coal interval in other areas is water productive and produces both gas and formation
water in siéniﬁcant volumes. In the area of the Candidate Wells the coals are dry and have lower
permeability, and therefore were considered to be good candidates for the liquid free CO,/Sand

stimulation process.

METHODOLOGY
The evaluation of the CO»/Sand stinulations was affected through the comparison of the five-year

cumulative produced gas volumes from the Candidate Wells which were stimulated with CO,/Sand
with that from nearby Control Wells which had been stimulated with other processes. These other

stimulation processes included N, foam, and gelled water.

The wells with the larger projected five-year cumulative produced gas volumes, after the flush

production was removed, were considered to be superior.

A, Mathematical Analog of Production Data
The procedure to remove the flush production volumes utilizes a fit of'a mathematic equation
of the later time production, and then utilizing that relationship to extrapolate the early

production as if the flush production rates had not occurred.

There were some instances where the flush production volumes were minimal which
reinforces the benefit of being able to more acutely focus in on the reservoir characteristics
through the elimination of this bias. This process can also provide a significant benefit when

there is missing production data.
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Final Report — Demonstration of CO,/Sand Stimulations in Three Candidate Wells (San Juan County,
New Mexico) — January 1996 — Single Stage Treatments - Amoco
Contract #DE-AC21-94MC31199 ~ “Field Testing & Optimization of CO,/Sand Fracturing Technology”

B. Missing Data
This process can also provide a significant benefit where there is missing production data.
Also, in instances where there is only a very limited knowledge of the early production

histories or where there is co-metered gas production can benefit as well.
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New Mexico) — January 1996 — Single Stage Treatments - Amoco
Contract #DE-AC21-94MC31199 — “Field Testing & Optimization of CO,/Sand Fracturing Technology”

C. Examples
The following examples demonstrate the procedure utilized to remove the gas produced

during the flush production period which in this case lasted approximately 13 months.

The actual produced gas volume was 41 MMcf while the projected volume was 23 MMcfora
difference of 18 MMcf. The projected five year cumulative production is 92 MMcf whereas

the actual production volume measured was 110 MMcf.

S-29
(84765) Pike Co, KY
Completion: N, Gas - 2 Stages - No Proppant

Cum Prd (MMcf), Mnthly Prd x10

Months

A Cum MMcf B (MMcfiMo) x10 =Cum MMcf- Proj &  (WMMciMo) x10 - Proj i
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Final Report — Demonstration of CO,/Sand Stimulations in Three Candidate Wells (San Juan County,
New Mexico) — January 1996 — Single Stage Treatments - Amoco
Contract #DE-AC21-94MC31199 — “Field Testing & Optimization of CO,/Sand Fracturing Technology”

In the second example there was no production data available for the first 29 months,
additionally the available data included two shut in periods which are followed by flush
production. By utilizing a mathematic fit of the steady state production data a realistic
projection of the early time production resulted. The limited data set was then utilized, and
the bias resulting from the flush production periods following the shut in periods was

removed.

Montgomery Ck Well #3/11 - Dev Sh
Pmt #54885 Perry Co, Ky

Completion: N2 Foam
1 Stage - 60,000 ibs

o
(=]
|

]
[3]
{

Cum Prd (MMcf), Mnlhlz’ Prd X10 (MMcf)
(=]
]

4] & 12 18 24 30 36 42 48 54 60 66

Months
A Com MM - (MMciMo) x 10 . Cum MMcf - Proj ©  (MMcHMo) x10 - Proj

In removing the effects of the flush production volume a more realistic assessment of the response to
the different stimulation types resulted. The production plots for each well including the actual and

projected values are included in this report.
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New Mexico) — January 1996 — Single Stage Treatments - Amoco
Contract #DE-AC21-94MC31199 — “Field Testing & Optimization of CO,/Sand Fracturing Technology”

V. PRODUCING HORIZON

The Fruitland Coals are an Upper Cretaceous sequence of interbedded sandstones, siltstones,
shale, and coal which kie a depth of 2,000-2,500 feet in the Test Area (Figure 2). The coals
have thicknesses of 36-60 feet, and the basal coal, Cahn, is 45 to 60 feet thick, and is the most
productive. It along with other overlying coal members were stimulated. The treated intervals
ranged from 120 to 180 feet.

Figure 2
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Final Report — Demonstration of CO,/Sand Stimulations in Three Candidate Wells (San Juan County,
New Mexico) — January 1996 — Single Stage Treatments - Amoco
Contract #DE-AC21-94MC31199 — “Field Testing & Optimization of CO,/Sand Fracturing Technology”

VI. FIELD

The Fruitland Coal wells on the Fairway are in an area designated as Type I and typically produce up
to 1,000 Mcf per day along with 10-50 barrels of water (GLR = 20-100 Mcf/bbl) from the reservoir
at a pressure of 600-800 psi. To the north of the Fairway in the Type II area the wells produce gas at
0-500 Mcf per day and 10-50 barrels of water (GLR = 25-50 Mcf/bbl).

A. Type IIi Area
In the Type III area southwest of the Fairway where the Candidate Wells are situated, the

production is typically 0-250 Mcf per day and is essentially water free. The wells can produce
1-2 barrels of liquid daily (GLR = 165 Mct/bbl), sometimes mostly condensate which may

originate in the underlying Pictured Cliff Sandstone(PC).

Reservoir Pressure | Gas prod | Water GLR
Type | Location P ociginal Prow Mcfd Bwpd Mcf/bbl
I Fairway (FW) 1000 600-800 | >1000 10-50 20-100
I NE of FW 1000 600-800 0-500 10-20 25-50
10 SW of FW (Target) 500 500 0-250 1-2 125-250

B. Pipeline pressure

The pipeline pressure ranges between 125 and 150 psi which was the pressure at which the

Candidate Wells were initially producing. Well head compressors were subsequently mstalied

and the flowing pressure was reduced to approximately 10 psi.

VII. RESERVOIR

A. Reservoir Pressure and Temperature

The reservoir pressure and temperature in the area where the Candidate Wells are situated is

approximately 500 psi and 102 degrees Fahrenheit respectively.

Temp Total Depth
Well °F) (ft)
Riddle I-1 101 2,277
Florance GCL-1 N/R 2,206
Florance Q-1 105 2,264
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| VIIL CO,CHARACTERISTICS
The accompanying pressure-enthalpy diagram (Figure 3) indicates the projected states of the CO,

L during the pumping, flow back, and producing events. The CO, will readily vaporize under these
conditions and will require -286(10)° BTUs per ton.

. Press Temp Density Enthalpy
N Pt # Location {psi) () State | (Ib/cuft) BTU/tbm
i PUMPING*
C 1 Well head 2,200 0 SC 64.94 -3,905
! 2 Perfs 3,600 20* SC 64.52 -3,864
i NOT PUMPING -
' 3 Perfs*** 1,000 20 SC 62.50 -3,893
[ 4 Formtn*** 750 75 SH 10.00 -3,785
i 5 Formtn 500 103 SH 4.55 -3,746
- 6 Perfs 26 103 SH 3.33 -3,756
7 Well head 15 75 SH 0.20 -3,750
P *  Pumping through 4.50 in casing at 40 bbls per min (residence time = 0.85 min)
' ** Heat gain through casing at 40 bbls per min=88(10)°  BTU/min (apx 40 BTU/sqft @ LMDT = 73°F)
i *** At the instant that the pumping is terminated
P -3893-(-3750) = -143 BTU/Ab =-286(10)’ BTUfton
& | et T o e P
| = I s o =
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Final Report — Demonstration of CO»/Sand Stimulations in Three Candidate Wells (San Juan County,
New Mexico) — January 1996 — Single Stage Treatments - Amoco
Contract #DE-AC21-94MC31199 — “Field Testing & Optimization of CO/ Sand F racturing Technology™

IX. CONVENTIONAL STIMULATION TREATMENTS ‘
In the test area, the wells are typically stimulated with 70-75q nitrogen foam. The sizes are typically
900 barrels and 250,000 pounds of sand.

X. IS THE PROPOSED RESERVOIR LIKELY TO BENEFIT FROM THE CO,/SAND
TECHNOLOGY?
The Fruitland coals in the Type LI section have less production potential than Types I and IT and are

marginally economic with conventional treatments. The potential for improvement was considered to
be significant for two primary reasons. The preferential adsorptive capabilities of carbon dioxide over
that of methane, and that the benefit of a liquid-free treatment. That is, benefits would result from the
liquid free stimulation in a liquid sensitive reservoir, and the CO; would displace the methane and

enhance the production as well.

A OPERATOR
1. Interest in CO./sand technology?
Amoco was interested in improving the producing potential of the Fruitland coal in

the Type 111 area, and elected to participate in the demonstration.

2. Adequate test opportunity?
The proposed Candidate Wells provided an adequate test opportunity to demonstrate
and to evaluate the process. The available production data was utilized to generate

projections from which a criteria for success was developed.

3. Presently active drilling program?
Amoco had an active drilling program.
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4. Is there a future for successful results? I's the operator likely to continue implementing
this technology without DOE cost support?
Yes, if the technology proved to be econonﬁcally supportable then Amoco had
sufficient acreage and infrastructure to support additional CO./sand stimulation

activity.

5. Interest in DOE cost-supported participation?
Amoco indicated a strong interest in the demonstration of the process, provided
Candidate Well opportunities with background production information from nearby

Control Wells, and executed a Letter of Intent.

6. Share production data for five years?
Amoco agreed to share the production data for the five year period following the

stimulations.

B. Letter of Intent
A Letter of Intent was prepared and executed (Figure 4). It addressed, and Amoco agreed, to

the following:

L. To provide legitimate Candidate Well opportunities for three mutually agreed upon
wells, _

2. To provide acceptable background information on the nearby Control Wells including

the drilling, completion, and production specifics,
3. To bear the normal additional expenses of cement bond logging, perforating, bull
dozers, and other normally occurring expenses associated with stimulation events,
4. Participating in the demonstration project and the anticipated treatments specifics, and

5. To provide the production information for five years.
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Figure 4 (p. 1 of 2)

Pl

i
&~
& ALREEMENT

Lett ntent .

(p. 1 of 2)
Cperator: Amoco Production Company (Amoco)
Candidate Wells: San Juan County, New Mexico T28N-ROBH

Target Formation: Fruitland Coals

There were six (6) candidate wells proposed in the original submittal
(07/02/95). Wells #1 and 5 have been eliminated. One was determined to be on
an Indian burial ground and the other would require additional time for
partner approvals. The fﬁar remaining candidate wells are:

TR
o
ua 1st ¥r Dy

Hell* Lease Sec (Quad Thickness Prod (Mcfd) Pmt # Casing

2 Riddle I1 20 NE 52 150 TBD 4-1/2

3 Florance GCLL 20 = 63 140 TBD 4-1/2

4  Florance Q1 29 NE 60 110 TED 4-1/2 o errheses
—6—Story p— 27— N~ —— 48— ¥~ TBD—— - 3-1/ 2 PB e

*Designations assigned in the original submittal (07/02/95) wal-

The U. S. Department of Energy will, subject to their approvals, agree to
provide cost-shared funding for the stimlation of these candidate wells
with Universal Well Service's closed system blender for CO,\sand treatments,
if certain criteria are met. Amoco agrees to bear the remaining expenses.

The project entails demonstrating the process in a controlled environment
where sufficient background preduction information from nearby wells can be
used to canpare the production results with those of this demonstration
project.

The design of the stimulation treatments is to consist of approximately 120

tons of carbon dioxide and 25,000 to 45,000 pounds of sand pumped at e €2y PR

injection rates of 35 to 60 barrels per minute, and to consist of up to four ey
1&;_((4/)' single-stage treatments.

Amoco agrees to operate these wells with wellhead pressures similar to those
of the control wells to enable a meaningful camparison of the production
from the candidate wells with that of the nearby offset control wells. This
will probably necessitate the installation of wellhead cowpressors similar
to those installed on the offset wells, The purpose is to effect a
quantitative comparison of the effectiveness of the liquid-free CO\sand
stimulation with that of nitrogen foam.

Tares (32 wi‘.‘d(“l’
i The four-{4) candidate wells will be available for stimulation treatments by
Ll the second week of January, 1996.

. The wells will be tumed in line shortly after treatment, and the production

P will be forwarded to PCS on a monthly basis to enable an evaluation of the

| CO, treatments to be made. DOE is requesting monthly production data on
these wells for a minimm of five (5) yvears following turn-in, including
monthly copies of the meter run readings and third party integration

[ statements. They are to be forwarded monthly to Petroleum Consulting

| Services.
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Figure 4 (p. 2 of 2)

-leﬂ-’

‘;’
e T
Letterof Thfent/ T FECHEN
" (p. 2 of 2)

Sand, if any, will be removed from the wellbore at operator's expense,
immediately following the stimulation,

The DOE requires the following:

1. Executed Letter of intent This document
2. A map of the candidate well and nearby offsetting wells -
Satisfied &
3., Electric logs #ContFo), and candidate wells
- . 4. Cumulative production data -g,;,egoa%l and candidate wells
o Mok
: 5. Monthly pipeline pressure data C ol and candidate wells

o 6. Stinulation records tabular and strip charts N T

P : Copkfo d candidate wells

| . . 7. Well completion reports ContTol G candidate wells

- | S s e i,
The DOE, subject to their approval, will, through tixré*c?antfactor, Pe?roleun - '“,i.

¢ : Consulting Services, pay for one-half (1/2) of the costs of the i

| stimulations, including the service company charges for product (00, sand),

: services, and mobilization. This is to be accomplished by an invoice from
frmoco to PCS for one-half (1/2) of the total stimulation costs which
includes all discounts.

Amoco hereby indicates an intention to enter into a 50/50 cost-shared
participation of the stimulation expenses for these candidate wells, subject
to DOE approvals.,

. Amoco agrees to bear the remaining expenses of these treatments and any
1 remaining activities, i.e., those expenses normally associated with these
treatments: cement bond log, perforating, dozers, service rigs, etc.

If these conditions are satisfactory, please acknowledge by signing below,
and retuwrning this document to:

Petroleun Consulting Services
P. O. Box 35833
Lo Canton, Ohioc 44735
(. {216) 499-3823 (216} 499-2280 (fax)

Date: Signed:

v &/L.J,j({ouﬁi._——-‘ @(/))

Conpany-Bificer
Title: A[/T«-‘QNE‘{ -Tw- f:ACT'

[ : Witness:
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Final Report — Demonstration of CO,/Sand Stimulations in Three Candidate Wells (San Juan County,
New Mexico) — January 1996 — Single Stage Treatments - Amoco
Contract #DE-AC21-94MC31199 — “Field Testing & Optimization of CO,/Sand Fracturing Technology”

Xi. NEPA COMPLIANCES
A NEPA questionnaire was prepared for the Candidate Wells. Conversations were held with Amoco's

environmental compliance personnel and the specifics of land use, air quality, water resources/water
quality, solid waste and hazardous materials, impact on vegetation and animals, aesthetics,
historical/cultural resources, transportation, energy requirements, environmental restoration and/or

waste management, and worker health and safety were identified and responded to.
Subsequently, the NEPA approval was granted.

XI. TEST AREA
The test area is situated in San Juan Co, New Mexico in Township 28N, Range 8W which is
southeast of the town of Blanco along Canyon Largo (Figure 5). It initially consisted of six Control
- Wells and the six potential Candidate Wells.
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Final Report — Demonstration of CO,/Sand Stimulations in Three Candidate Wells (San Juan County,
New Mexico) — January 1996 - Single Stage Treatments - Amoco
Contract #DE-AC21-94MC31199 — “Field Testing & Optimization of CO,/Sand Fracturing Technology”

Cum Prd (MMcf), Mnthly Prd
x10 (MMcf)

Control Wells — 6 Wells
1. Production Review and Projections
The production was plotted and the five year production projection exclusive of flush

production and nop-productive intervals was generated as described under the

preceding METHODOLGY section.

a. Control Well # 1 —Federal 32-17 (28472) —Projected 5 Yr Prod 445.2 MMcf

Federal 32-17
(28472) San Juan Co, NM
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New Mexico) — January 1996 — Single Stage Treatments - Amoco
Contract #DE-AC21-94MC31199 — “Field Testing & Optimization of CO,/Sand Fracturing Technology”

b. Control Well # 2 - Sharp (21160) — Projected 5 Yr Prod 378.7 MMcf

Sharp 28-08-18
{21160) San Juan Co, NM
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c. Control Well # 3 - Federal 23-17 (28471) — Projected 5 Yr Prod 266.6 MMcf

Federal 23-17
(28471) San Juan Co, NM
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PR
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d. Control Well # 4 — Federal 42-16 (28337) — Projected 5 Yr Prod 199.8 MMef
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e. Control Well # 5 — Federal 28-08-30 (28863) — Projected 5 Yr Prod 81.8
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f Control Well # 6 — Grambling A (21041) — Projected 5 Yr Prod 15.6 MMct

Grambling A 28-08-8
(21041) San Juan Co, NM
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2. Summary — Control Wells
The five year camulative production from the six Control Wells ranged between 15.6

and 445.2 MMcf and averaged 231.3 MMecf.

Production - Fruitland Coal
San Juan Co, NM -- 28 - 08 Sec's 20 & 29
6 Wells - 6 Stages
Stimulation: N, Foam - 1 Stage
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New Mexico) — January 1996 — Single Stage Treatments - Amoco
Contract #DE-AC21-94MC31199 — “Field Testing & Optimization of CO»/Sand Fracturing Technology™

B. Candldate Wells —3 Wells
Initially there were six proposed Candidate Wells, all located in T28N-R8W. The projected
thickness of the basal section of Fruitland Coal (Cahn seam) and first year production are:

Well # Sec Quad 1¥ Yr Mcfd Thickness (ft)
1 19 NE 225 55
2 20 NE 150 52
3 20 SW 140 63
4 29 NE 175 60
5 32 NE 100 47
6 27 NE 75 48

Wells #1 and 5 were eliminated. One was determined to be on an Indian burial ground and the
other would require additional time for partner approvals. The four remaining Candidate

Wells were:
1% Yr Dly
Well* | Lease Sec Quad | Thickness | Prod (Mcfd) Pmt # Casing

2 Riddle 11 20 NE 52 150 29328 4-172

3 Florance GCL1 20 SW 63 140 29336 4-1/2
4 Florance Q1 29 NE 60 110 29345 4-1/2
6 Storey D2 27 NE 48 75 TBD 3-1/2 PB
*Designations assigned in the original submittal (07/02/93)

Figure 6 identifies the position of these wells (green circles) with respect to other Fruitland
Coal wells, designated by the smaller circles (red). Additionally, there are other non-Fruitland
Coal producers designated by small plus (+) symbols. These wells produce from either the
Pictured Cliff Sandstone, the Mesa Verde, or in some instances, the Dakota Sandstone.
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Final Report — Demonstration of CO,/Sand Stimulations in Three Candidate Wells (San Juan County,
New Mexico) — January 1996 — Single Stage Treatments - Amoco
Contract #DE-AC21-94MC31199 — “Field Testing & Optimization of CO,/Sand Fracturing Technology”

The well with the 3.50 inch casing, Storey D2, was a Dakota plug back (TD = 7,105 ft) and
had the least potential for gas production of any of the six (6) originally proposed wells. With
conventional treatments, it was estimated to deliver 75 Mcfd during the first year, or one-half
the rate of the well with the greatest projected potential. Additionally because of the increased
friction associated with the smaller casing Well #6 was eliminated leaving three Candidate
Wells: Riddle I-1, Florance GCL-1, and Florance Q-1

1. Electric Logs
a. Candidate Well # 1 - Florance GCL-1 (29336)
The electric log indicating the perforated intervals follows below.

b. Candidate Well # 2 — Florance Q-1 (29345)
The electric log indicating the perforated intervals follows below.

c. Candidate Well # 3 — Riddle I-1 (29328)

The electric log indicating the perforated intervals follows below.

2. Completion
The completions involved running geophysical logs to identify potential gas bearing
intervals prior to installing steel casing and cementing it across the Fruitland Coals.
The casing was then perforated at specific depths which had been identified on the
logs, and then hydraulically stimulated. The stimulation treatments were generally
with nitrogen foam containing 250,000 pounds of 20/40 sized sand proppant which

was pumped through the perforations.

Amoco’s practices utilized a large number of perforations which in the three
Candidate Wells ranged from 200 to 316 over intervals of 120 to 180 feet. Typically

the stimulations were N, foam with viscosities on the order of 300 cp as compared to
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Contract #DE-AC21-94MC31199 — “Field Testing & Optimization of CO,/Sand Fracturing Technology”

liquid CO, with 0.1 cp. This large number of perforations significantly reduced the
transport velocity, and compromised the ability to transport proppant.

Typically 30 perforations are used with the CO»/sand treatments. The resultant per-
perforation transport velocity being 158 feet per second (fps). With 258 perforations,
the average for the Candidate Wells, the velocity diminished to 18.4 fps which is
much less than the settling velocity.

It was therefore predictable that the ability to transport proppant with liquid CO, at
the reduced flow rate resulting from the large number of perforations would be very
unlikely.

The knowledge of the placement of this large number of perforations was not
conveyed to the contractor until the equipment was on location and the preparations

to initiate the pumping operations nearly complete.

3. Perforation Strategy
The perforation placements were identified from the electric logs and positioned at the
coal intervals which have lower bulk densities. The accompanying electric logs

(Figures 7 to 9) indicate this placement technique.

Well Interval (ft) | Perfs
Riddle I-1 120 200
Florance GCL-1 180 316
Florance Q-1 158 288
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Figure 7 — Florance GCL-1 (p. 1 of 2)
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¥ Figure 7 — Florance GCL-1 (p. 2 of 2)
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Figure 8 — Florance Q-1 (p. 1 of 2)
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Figure 9 — Riddle I-1 (p. 1 of 2)
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Figure 9 — Riddle I-1 (p. 2 of2)
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XIL

CO,/SAND STIMULATION TREATMENTS

A.

Design
The stimulation designs were developed from the observed pressure-injection history for

nitrogen foam stimulations on wells approximately seven miles distant.

The current practice was to complete the wells with 2-7/8 inch production tubulars. However,
for the purposes of this evaluation, three of the initially offered Candidate Wells were
completed with 4-1/2 inch production casing, and one, a plug back, Storey D2, with 3-1/2
inch tubulars. Because of the concerns of excessive friction pressures in the smaller diameter
casing in the Storey D2 it was rejected leaving three Candidate Wells all with 4-1/2 inch

casing.
The larger diameter tubulars enabled greater pumping rates, 40-55 barrels per minute, to be
achieved without the excessive pressure drops resulting from the increased friction associated

with the smaller diameter casing.

Fracturing Gradient

The fracturing gradient was estimated from wells located in the same township (28N) within
seven miles of the Candidate Wells, three were situated approximately seven miles east of
the Candidate Wells, where the Fruitland Coal is at a depth of approximately 3,200 feet.
Fracturing pressure gradient information was also obtained from another well located
approximately 1.2 miles west of the Candidate Wells, where the coal lies at a depih of
approximately 2,100 feet.

The individual well depths and instantaneous shut-in pressures are tabulated and plotted, and

the fracturing gradient for the Candidate Wells is projected to be 0.67 psi per foot or at 2
bottom hole pressure of 1,742 psi.
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C. Hydrostatic Pressure

The hydrostatic wellhead pressure for 2,600 feet of liquid CO, with a bottom hole pressure of
1,742 psi was projected to be 1,379 psi.

D. Friction Pressure

The friction pressure drops in the tubulars (2,600 ft) and the perforations were estimaied as

follows:
Friction Pressure (psi)
Injection Rate (bpm) 40 50 60
Diameter {in) 3.5 2,771 3,771 4,783
4.5 1,105 1,334 1,461
E. Treating Pressure

The estimated treating pressures and the associated horsepower requirements were tabulated
and are also presented graphically. It is clearly evident that the smaller diameter 3.50 inch
tubular will require significant additional horsepower over that of those wells equipped with

4.5 inch casing.

At a minimum recommended pumping rate of 40 barrels per minute (bpm) the 3.50 inch
tubular requires 4,069 hydraulic horsepower as compared to 2,435 for the larger diameter
casing. The incremental cost for the additional horsepower was estimated at $4.65 per

horsepower to be $7,598.

The wellhead treating pressures and horsepower requirements were then estimated to be:

Wellhead Treating Pressure/ITHP
(psi)
Injection Rate (bpm) 40 50 60
Diameter (in) 3.5 4,150/4.069 | 5,150/6,311 | 6,162/9,062
4.5 2,484/2,435 | 2,713/3,325 | 2,840/4,176
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F. Sand Schedule
| The treatments were to consist of 120 tons of CO, per stage and were projected to yield a net

of 500 barrels (96 tons) of CO; in-zone along with 40,320 pounds of 20/40 proppant per
stage. '

The individual well treatment designs were developed based upon sand acceptance
[ concentrations in the offset wells, and the intention was to modify them as the treatment
sequence progressed, the objective being to place the maximum sand volumes. With this in

[ mind full blender volumes of 47,500 lbs of proppant were loaded

‘; | G. Proppant Size
20/40 (USS) sand proppant was successful in the previous stimulations, and on that basis was

proposed in the design

H. Treatment Volume

The Control Wells utilized 250,000 Ibs of proppant which was placed with N, foam

stimulations, and it was obvious that placing the largest proppant volume would be the

objective.
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1. Recommended Design

The recommended stimulation design for the first Candidate Well was:

PROPPANT FLUID SCHEDULE
Cum Stage | Proppant | Proppant Cum
Fluid Fluid Conc Stage Proppant
(bbh | (bbl) (rpg) (b) (Ib)
Stage
Hole Fill (Liquid CO5) 30 30 0 0
Pad (Liquid CO,) 120 90 0 0
Start (20/40 Sand) 190 70 1.0 2,940 2,940
Increase (20/40 Sand) 230 40 2.0 3,360 6,300
Increase (20/40 Sand) 500 270 3.0 34,020 40,320
Flush (Liquid CO,) 525 25 0
Total 525 40,320
TREATMENT FLUID REQUIREMENTS
Hole + Prop Flush Tot Bottoms | Total
Liq CO; 120 380 25 525 10 535
CO; (T) 103
N, (Mscf) 61

The plan was to determine the sand acceptance rates, and then to modify the sand schedule
accordingly. All of the treatments were to include 120 tons of CO, on site which after cool

down and bottoms would provide approximately 525 bbls of CO; for the stimulation.

J. Treatment Volume Comparison - Conventional vs CO,/Sand
In actuality only limited proppant volumes were placed. All of the treatments were ferminated
prior to the maximum proppant volume being pumped. One screened out and the proppant
concentrations on the other two were reduced as it became evident that the acceptance rate
was less than the design. This reduced acceptance rate is believed to be a consequence of the

large number of perforations (200 to 316) which significantly reduced the transport velocity.
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X1V. CRITERIA FOR SUCCESS

XV.

Amoco reviewed the production data from the offset wells, and their Oklahoma based statistician
indicated that the following comparisons are valid for a bimodal distribution. This relation resuitsina
statistically defensible comparison between the Control Well population (n = 9 wells) with a iarge
standard deviation, 56%, and the Candidate Well population (n = 6 wells).

Population Control Candidate
Mean (Mcfd) 104 135
Std Deviation (%) 56 56
n 9 6

Using this criteria the production from CO,\sand stimulated Candidate Wells must be greater than 135
Mcfd to be statistically significant.

This was considered to be a realistic goal for the Candidate Wells and to be reasonably attainable. The
multiplier for the increased cost of the treatments should be approximately 20% of the well cost
resulting in an economically defensible hurdle rate of 162 Mcfd, which was considered to be

reasonabie.

PRE-TEST CONCLUSIONS

The three Candidate Well sites offered by Amoco were considered to provide a meaningful
opportunity for demonstrating and evaluating the CO»/Sand stimulation technology. In addition,
Amoco was very interested in this area in terms of understanding the geology, reservoir, and
completion techniques, and it was considered likely that if the technology proved successfisl that

additional exploitation would occur.

In retrospect it is now concluded that this endeavor was an attempt to apply the technology where

there was little promise for conventional stimulation treatments.
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XVL. DOE APPROVALS

A submittal package (#2) was prepared and submitted to the DOE for consideration. After their

review and some additional information provided, the treatments were approved for a cost-shared

demonstration.

XVII. FIELD ACTIVITIES

A.

Preparations

The wells were perforated during the week prior to the treatments, CO; was procured and the

service company mobilization, from Pennsylvania with support from Canadian Fracmaster

pump trucks from Edmonton, Alberta initiated.

Comments

The sand schedule evolved during these treatments where it became apparent that
only limited sand volumes would be placed with the proposed schedule. The first two
(2) wells treated (Florance GCL-1 and Florance Q-1) screened out with 75 and 48
sacks of sand, respectively, through the perforations. '

Both wells exhibited immediate wellhead pressure decays to approximately 300 psi
following the treatments, indicating a very high rate of leak off. The conclusions

following these treatments were that:

The high leak off rates combined with the numerous individual coal members
perforated were resulting in low transport velocities and minimum induced fracture

widths.

The ability to place sand into subsequently initiated fractures, i.e., fractures not
initiated at the beginning of the treatment when the sand concentrations were either
low or non-existent, was impossible because there was no pad liquid ahead of the

higher concentration - sand laden slurry.
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It should also be recognized that the pressure decay at the end of the third
treatment was much slower than that observed on the first two wells,

suggesting considerably reduced leak off info a less permeable formation.

C. Stimulations

1.

Florance GCL-1 (29336) -~ Candidate Well # 1
'The Florance GCL-1 was the first well stimulated. It had been perforated previously
with 316 holes over a 180 foot interval from 1,931 to 2,111 feet.

The pressurized blender was transported to the well site on the day of the treatment,
January 16, 1 996 and filled with 20/40 sand. The treatment was then executed. A pad
volume of 90 bbls was pumped prior to initiating sand proppant at 1.0 ppg. 9,800 Ibs
of proppant were pumped in 137 bbls of CO; at an average rate and pressure of 55.8

barrels per minute and 2,226 psi respectively.
The well screened out with 7,500 1bs of proppant through the perforations.

The maximum sand concentration was 2.5 Ibs per gal, and averaged 1.6, the maximum

rates and pressures were 60.2 Bpm and 3,576 psi respectively. The treatment was

halted when the treatment screened out at a wellhead pressure of 3,576 psi. The
stimulation pressure-rate history plot is included (Figures TBD and TBD). The in

zone proppant volume was estimated 7,500 pounds.
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. Figure 10 — Florance GCL-1

WELL SERVIGES INC }’4 o)

i / NIVER

| _ AMOCO

o Date: 12/16/95
I Lease: FLORANCE
- Formation: FRUITLAND COAL
Well: GCL-1
2% Treatment; €02/ Sand Frac through 4.5" casing
‘ Cumulative Stage Stage Cumulative
} Clean Clean Sand Slurry Sturry Cumulative
b Volume Volume Concentration Volume Volume Sand
BBLS BBLS PPG BBLS BBLS SKS§
L 90 90 PAD 90 90 0
130 40 1 42 132 17
o 227 97 2 106 - 238 98
P *++ SHUT DOWN, MAXIMUM PRESSURE. ***
Lo
Breakdown Pressure 1650 PSI ISIP (End of Job) PSI
Max. Pressure 3576 PSI Max. Rate 60.2 BPM
Avg, Pressure 2226 PSI Avg. Rate 55.8 BPM
Max, Horsepower 4497 HHP Max. Sand Conc. 2.5 PPG
Avg, Horsepower 4139 HHP Avg, Sand Conc. 2.4 PPG
Total Proppant 98 SKS Prop. Type 20/40

Total Clean CO2 227 BBLS
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Figure 11 — Florance GCL-1
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2. Florance Q-1 (29345) — Candidate Well #2
The Florance Q-1 was the second well to be stimulated. It had been perforated
previously with 288 holes over a 158 foot interval from 1,962 to 2,120 feet.

An effort to increase the placed volume included increasing the pad volume from 90
to 148 barrels along with an increase in the initial sand concentration from 1.0 to 1.5
pounds per gallon (ppg). A total sand-laden CO; volume of 101 bbls was pumped
which was less than the 137 pumped in the first well treated, Candidate Well #2,
Florance GCL-1.

The pressurized blender was moved to the well site on the day of the treatment,
January 16, 1996 and filled with 20/40 sand. The treatment was then executed, 6,200
Ibs of proppant were pumped at an average rate and pressure of 55.8 barrels per
minute and 2,145 psi respectively. The maximum sand concentration was 1.9 Ibs per
gal, and averaged 1.5, the maximum rates and pressures were 60.2 Bpmand 4,100 psi
respectively. The treatment was halted when the treatment screened out at a wellhead
pressure of 4,100 psi. The stimulation pressure-rate history plot is included (Figures

12 and 13). The in Zzone proppant volume was estimated 4,800 pounds.
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Figure 12 — Florance Q-1

UNIVER

WELL SEAVICES INC @

T2,

AMOCO

Date: 12/16/95

Lease: FLORANCE

Formation: FRUITLAND COAL

Well: Q-1
; Treatment: CO02 / Sand Frac through 4.5" casing

Cumulative Stage Stage Cumulative
Clean Clean Sand Slurry Slurry Cumnulative
Volume Volume Concentration Volume Yolume Sand
f BBLS BEBLS PPG BBLS BBLS SKS
" 150 150 PAD 150 150 0
) 249 99 1.5 <105 255 62
L *++ SHUT DOWN, MAXIMUM PRESSURE. ***
(
Breakdown Pressure 2150 PSI ISIP (End of Job) sl
) Mazx. Pressure 4100 PSI Max. Rate 60.2 BPM
. Avg, Pressure 2145 PSI Avg. Rate 55.8 BPM
' Maz. Horsepower 4228 HHP Max. Sand Conc. 1.9 PPG
‘\ Avg. Horsepower 2934 HHP Avg. Sand Conc. 1.49 PPG
Total Proppant 62 SKS Prop. Type 20/40
Total Clean CO2 249 BBLS

!
!
|
|
B
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Figure 13 — Florance Q-1
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3. Riddle I-1 (29328) -- Candidate Well #3
[ The Riddle I-1 was the third well stimulated. It had been perforated previously with
200 holes over a 120 foot interval from 2,150 to 2,270 feet.

( The treatment was modified and it was considerably more successful in that 130

3 sacks of sand were placed in zone.

The design was recommended by Amoco and included a pad volume similar in size to
the first treatment (88 vs. 90), but also included a 20 barrel "slug" of 0.5 ppg sand in
the middle of it. Additionally, the sand concentrations were lower at the outset 0.5ppg
[ and averaged, 1.0 ppg or less, throughout the majority of the treatment. The results

were improved in that 13,000 Ibs were placed in zone

The pressurized blender was transported to the well site on the day of the treatment,
| January 17, 1996 and filled with 20/40 sand. The treatment was then executed, 15,200
Ibs of proppant were pumped at an average rate and pressure of 50.0 barrels per
minute and 2,517 psi respectively. The maximum sand copcentration was 1.9 lbs per
gal, and averaged 0.8, the maximum rates and pressures were 56.0 Bpm and 4,702 psi
respectively. The treatment was halted when the treatment screcned out at a wellhead
pressure of 4,702 psi. The stimulation pressure-rate history plot is inchuded (Figures
14 and 15). The in zone proppant volume was estimated 13,000 pounds.
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Figure 14 ~ Riddle I-1

UNIVER

WELL SERVICES ING @

AMOCO
Date: 12/17/96
Lease: RIDDLE
Formation: FRUITLAND COAL
Well: I-1
Treatment: CO2 / Sand Frac through 4.5" casing
Cumulative Stage Stage Cumulative
Clean Clean Sand Slurry Slurry Cumulative
Volume Volume Concentration Volume Volume " Sand
BBIS BBLS PPG BBLS BBLS SKS
70 70 PAD 70 70 o
358 288 0.5 295 364 60
393 35 1 36 © 400 75
509 116 1.5 126 526 148
513 4 FLUSH 4 530 148

*** SHUT DOWN, MAXIMUM PRESSURE, **+

Breakdown Pressure 2365 PSI ISEP (End of Job) 1300 PSi
Max, Pressure 4702 PSI Max. Rate 56 BPM
Avg. Pressure 2517 PSI Avg, Rate 50 BPM
Max. Horsepower 4228 HHP Max. Sand Conc. 1.9 PPG
Avg. Horsepower 3076 HHP Avg. Sand Conc, 0.8 PPG
Total Proppant 152 SKS Prop. Type 20/40
Total Clean CO2 513 BBLS ‘
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Figure 15 — Riddle I-1
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The increased sand volume which was placed in this well is Iikely a result of:

a. The reduced number of perforations 200 vs. 288 and 316 in the other two
Candidate Wells

b. The introduction of a 20 bbl 0.5ppg sand slug in the middle of the pad
c. Maintaining a reduced sand concentration of 0.75 ppg.

Note: The offset well to the Riddle I1 is completed in the PC Sandstone
which underlies the Fruitland Coals. A gas sample was obtained following the
treatment and was reported to contain 44% CO,, indicating communication
between these formations. The offset well was perforated in the basal section
(Cahn) of the Fruitland Coal. The Candidate Well was not.

4. Stimulation Summary
All three wells screened out and the treatments were terminated. Following the
screen out of the first treatment the pad volume was increased from 90 to 148 bbls
and the starting sand concentration increased from 1.0 to 1.5 ppg yet a lesser in zone
proppant volume resulted. This response indicates that increasing the pad volume
provides no benefit, and that the ability to transport sand at concentrations of 1.0 ppg
or greater is unlikely.

The largest sand volume was placed in the third treatment, Riddle I-1 which included
a 20bbl - 0.5ppg sand slug in the pad and a reduced sand concentration of 0.75 ppg.

A contributing factor is believed to be the large number of perforations (200 to 316).
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The "in-zone" sand volumes and other specifics were:

Sand (sacks) Max Tr Press | Avg Rate | Sand Conc (Ib/gal}
Well Perfs | Pumped | In-Zone Psi BPM Max Avg
Florance GCL-1 | 316 98 75 3,576 55.8 2.5 1.6
Florance Q-1 288 62 48 4,100 55.8 1.9 1.5
Riddle I-1 200 152 130 4,702 50.0 1.9 0.8
D. Inter-zonal Communication between the Fruitland Coal and the PC Sandstone.

When stimulating all three of the Candidate Wells there were increases in production and/or

casing pressure in the offset wells (on the same location) as the CO; treatments were being

pumped.

These offsct wells were completed in the Pictured Cliff Sandstone, but not the Fruitland
Coals.
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1. Florance GCL-1
The casing pressure in the offset well increased from 148 to 185 psi, and the
production increased from 158 to 165 Mcf per day indicating the communication with
the Candidate Well (Figure 16).
Figure 16 - Florance GCL-1
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2. Florance Q-1

The casing pressure in the offset well increased from 144 to 160 psi, and the

production increased from 130 to 138 Mcfper day indicating the communication with

the Candidate Well (Figure 17).

Figure 17 — Florance Q-1
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The casing pressure in the offset well increased from 127 to 460 psi, and the

production increased from 190 to 420 Mcfper day indicating the communication with

the Candidate Well (Figure 18). Additionally, a gas sample was obtained following the
_ treatment and was reported to contain 44% CO,, indicating communication between

these formations. The offset well was perforated in the basal section (Cahn) of the

Fruitland Coal. The Candidate Well was not.

Figure 18 - Riddle I-1
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E. Post Stimulation
1. Flow Back Procedures
The wells were flowed back on 0.25 - 0.50 inch chokes and the wellhead pressure
decayed to 70 - 80 psi in the Florance wells, the Riddle [1 decayed to 20 - 30 psi.

2. Cleaning Frac Sand from the Well Bore

All three wells have sand above the perfs which was cleaned out without introducing
any liquid

XVII. RESULTS
A, Production Review — Candidate Wells
1. Florance GCL 1 (29336) -- Candidate Well # 1

Florance GLC 1
(29336) San Juan Co, NM
Stimulated w/CQ, (7,500 ibs 20/40)
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Cum Prd (MMcf), Mnthly Prd

2.

x10 (MMcf)

Florance Q1 (29345) -- Candidate Well #2
Florance Q1
(29345) San Juan Co, NM
Stimulated w/CO2 (4,800 Ibs 20/40)
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3. RiddleI-1 (29328) - Candidate Well # 3

Riddie 11
(29328) San Juan Co, NM
Stimulated w/CO2 (13,000 Ibs 20/40)

o
| .
o
2
L [
E‘.__ . ]
=3
C =
E\-’
=2 ] u
gl 1 !
= 04
.
£
L
(&
0.1

0 6 12 18 24 30 36 42 48 54 60 66

Months
A Cum Mcf B (MMcfiMo) x10  ====Cum MMcf - Proj @ (MMcf/Mo) x10 - Proj

Page 56



Final Report — Demonstration of CO,/Sand Stimulations in Three Candidate Wells (San Juan County,
New Mexico) — January 1996 — Single Stage Treatments - Amoco
Contract #DE-AC21-94MC31199 — “Field Testing & Optimization of CO,/Sand Fracturing Technology”

B. Production Summary — Candidate Wells
The five year cumulative production from the three Candidate Wells ranged between 65.3 and

141.9 MMcf and averaged 91.3 MMcf.

Production - Fruitland Coal
San Juan Co, NM -- 28 - 08 Sec's 20 & 29
3 Wells - 3 Stages
Stimulation: CO2/Sand - 1 Stage - w/4,800 - 13,000 Ibs

1000

T
e P Y Far E
r'ﬁu Y Bost=StimCom =91 2-iivict

Gg 2 2ot nnnnnqlunuummnnnu
il 100 e ¥
EE S asgeesess o
> E A AAABBRE
-E -3 bl
e s
E €
S =
&)

24 30 38 42 48 54 60 66
Months

F Florance GCL -1 (75 sxs) A Florance Q-1 (48 sxs) o Riddle I-1 {130 sxs} QAvg

Page 57



Final Report — Demonstration of CO,/Sand Stimulations in Three Candidate Wells (San Juan County,

New Mexico) — January 1996 — Single Stage Treatments - Amoco

Contract #DE-AC21-94MC31199 — “Field Testing & Optimization of CO./Sand Fracturing Technology™

C. Production Comparisons — Control and Candidate Wells

The five year cumulative production volumes from the three Candidate Wells ranged from

65.3 to 141.9 averaging 91.3 MMcf or 39 percent that of the six Control Wells.

Pmt # 5 Yr Prod 5 Yr Prod Prod
Well 30-045- | Sec Oper Projt’d Actual Mo Stim
XXXX ‘ MMcf Type, Sxs, Bbls
Federal 32-17 28472 17K | Richards 445.2 3654
Sharp 21160 08W | SG Intrs 378.7 3713
Federal 23-17 28471 17G | Richards 266.6 224.6
Federal 42-16 28337 21H | Richards 199.8 187.6
Florance GCL 1 29336 20 BP 141.9 138.7 CO, 75,227
Federal 28-08-30 28863 30 | SG Intrs 81.8 52.7
Florance Q1 29345 29 BP 66.6 62.4 CO, 48,249
Riddle I-1 29328 20 BP 65.3 67.1 CO, 130, 513
Grambling A 21041 21H | Bringin 15.6 3.4 8
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Cum Prd

These poor responses from the wells stimulated with the CO»/sand process are unquestionably

related to a number of factors regarding the formation characteristics of permeability and

pressure, but to a larger extent to the reduced proppant volumes placed by the Liquid-free

treatments.

Production - Fruitland Coal

San Juan Co, NM - 28 - 08 Sec's 8, 17, 20, 21, & 30

9 Wells - 9 Stages

Stimulation: N2 Foam (6 wells)

CO2 ISand (3 wells) - w/5,600 - 11,700 Ibs Proppant
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D. Conclusions

66

1. The projected five year cumulative production ranged from the three Candidate Wells
ranged from 65.3 to 141.9 MMcf and averaged 91.3 MMcf while that from the six
- Control Wells ranged between 15.6 and 445.2 MMcf averaging 231.3 MMcfor 2.5

times that from the wells.
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2. These poor responses from the wells stimulated with the CO/sand process are

unquestionably related to a number of factors regarding the formation characteristics
of permeability, and pressure, but to a larger extent to the reduced proppant volumes

placed by the liquid-free treatments

XIX. COSTS

A.

Projected
The projected costs for stimulating these wells with 120 tons of liquid CO, and 40,320

pounds of sand were:

Wells 3 _4

Totals $178,340 $236,200

And, DOE's 50% obligation would be:
$ 89,170 $118,100
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B. Actual
The actual costs for the COy/sand stimulations were:

I 01/22/96 Cost Summary Page 1 of 1
o Riddie Florance Florance
| Number -1 GCL #1 0-1
Pumping ()(UWS) 19,660 19,139 16,791
. N2 (HES) 1,695 3,632 2,044
L Sand (HES) 2.046 891 705
Misc
23,401 23,661 19,540 66,603
L CO2 (BOC) 6,654 7,447 8,186
( CO2-Portables (BOC) 1,200 1,200 1.200
| Mob (BOC) 2,000 2.000 2.000
4 Blender (UWS) 6,000 6,000 6,000
Tube Trailer (UWS) 5,500 5,500 5.500
B 21,354 22.147 22,886 | 66,386
. Mob, Per Diem (UWS) 2,080 9,600
Trucking
Mob,Per Diem (UWS) 2,840
Misc
( 2.080 12,440 0 14,520
P Total 46,835 58,248 42,426 147,509

XX. CONCLUSIONS
A. The production from the Candidate Wells was disappointingly low:

The projected five year cumulative production ranged from the three Candidate Wells ranged
from 65.3 to 141.9 MMcf and averaged 91.3 MMcf while that from the six Control Wells
ranged between 15.6 and 445.2 MMcfaveraging 231.3 MMcfor 2.5 times that from the wells

stimulated with the liquid CO»/sand process.
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B. These poor responses from the wells stimulated with the CO,/sand process are unquestionably

related to a number of factors regarding the formation characteristics of permeability, and

pressure, but to a larger extent to the reduced proppant volumes placed by the liquid-free

treatments.

C. The placed proppant volumes with the CO,/sand process were much lower than the design

volumes:

- The proppant volumes placed were much less than the design and ranged from 4,800 to
i 13,000 pounds and averaged 8,433 Ibs or approximately three percent (3%) of that placed m

conventional treatments.

The actual volumes placed in zone were:

I Pumped | Removed from well | Net in zone
L Well (X lbs) (K lbs) (K Ibs)
. Florance GCL-1 9.800 2,300 7,500
f Florance Q-1 6,200 1,400 4,800
' Riddle I-1 15,200 2,200 13,000

L D. The ability to place the design quantities was obviously limited by

1. Number of perforations
Amoco’s practices included utilizing a large number of perforations which in the three
Candidate Wells ranged from 200 to 316 over intervals of 120 to 180 feet.. This large
number significantly reduced the transport velocity.

Typically 30 perforations are used with the CO,/sand treatments.

Because of the low viscosity of the CO, of approximately 0.1 centipoise (cp), as

compared to the N, foam with a viscosity of 300 to 500 cp combined with the
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drastically reduced transport velocity rendered impossible the ability to transport

proppant with the CO;.

2. High leak off rates into the formation.
High leak off rates were known' to exist because of the very rapid reduction in
wellhead pressure at the termination of the pumping operation, This pressure
reduction from 1,200 to 1,600 to 400 psi within a few seconds is greater than the
friction pressure and reveals this high leak off rate characteristic of the coal.

[ E. The benefit of the 20 barrel, 0.5 ppg "slug" of sand in the middle of the pad is significant.

|r' 3 A "pillar" type frac where the sand laden volumes are interspersed with clean CO; volumes to
{

provide additional pad volumes for previously uninitiated fractures should be considered.

F. The sand concentration throughout the majority of the treatment should be maintained at 1.0

ppe or less, excepting possibly at the end of the treatment.

; : G. Consideration should be given to pumping treatments with larger CO; volumes at reduced
sand concentrations. Because the CO; is non-damaging, there would be no fluid retention

penalty with the larger volume

H. There was communication between the three Candidate Wells and nearby wells completed in
different formations. There was communication between the Candidate Wells which were
completed in the Fruitland Coals with nearby (50 feet) wells which were completed in the

(o underlying Pictured Cliff sandstone. There were increases in production and casing pressure

L recorded in the pumping of the treatments in all three of the Candidate Wells.

L The costs for the CO,/sand stimulations (3 wells - 3 stages) was $147,509 or $49,170 per

stage.
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i

- J. The treatments are summarized:

L

= Sand (lbs) Max Tr Press | Avg Rate Sand Conc (Ib/gal)

[ Well - | Pumped | In-Zone Psi BPM Max Avg
Florance GCL-1 9,800 7,500 3,576 55.8 2.5 1.6

- Florance Q-1 6,200 4,800 4,100 55.8 1.9 1.5

. Riddle I-1 15,200 | 13,000 4,702 50.0 1.9 0.8

| This concludes the project effort for the demonstrations of the liquid CO,/sand stimulations in 3 wells (3

stages) which were operated by Amoco (now BP) and completed in the Fruitland Coal in the San Juan Basin.

[ The Three Candidate Wells are situated in San Juan Co, New Mexico in the Type IIl area. The conclusions

l unattractive, and that there is little likelihood of practically placing increased proppant volumes.
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ABSTRACT

Three candidate wells located in Phillips County, Montana were stimulated under the subject contract
Wiﬁ’l the CO,/sand stimulation process in July 1998. The wells are situated in the Bowdoin Dome and
produce from the Upper Cretaceous Phillips sand at a depth of approximately 1,100 feet. The wells are
operated by WBI and are typically stimulated with Nitrogen (N,) foam contaming 40,000 Ibs of 12/20
proppant, and have Estimated Ultimate Recoverable reserves (EUR’s) ranging from 175 to 400 MMcf,
and produce no water or other liquids. There is a period of reduced production rate immediately
following the stimulation which was believed to be a result of the retention of the spent stimulation
liquids thereby supporting the potential benefit of the liquid-free COg/sand.lAdditiona]]y, the maximum
size of the COy/sand treatments is the same as that coﬁventionally used, 40,000 Ibs, which would

complement the comparison of the liquid-free treatments with those conventionally ﬁse_d.

There were eight nearby control wells which were used io compare the production results from the
candidate wells. The treatments were successfully executed and utilized 20/40 proppant in a cost-shared
demonstration with WBI. The production results were disappointing in that they were essentially the
same as those from conventional stimulations. There is a suspicion that the use of the smaller 20/40
proppant may serve as an impediment as it has been demonstrated that the conventional N, foam
stimulations result in greater production rates when the larger 12/20 proppant is used then when 20/40 is

employed. The basis for this concern is contained within.

The cost of the conventional stimulations is $18,500 and the cost of the COy/sand stimulations averaged

$53,957 which would require an increase in production rate of 2.9 times.
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L. ABSTRACT
| Three candidate wells located in Phillips County, Montana were stimulated under the subject
contract with the CO,/sand stimulation process in July 1998. The wells are situated in the

Bowdoin Dome and produce from the Upper Cretaceous Phillips sand at a depth of approximately

1,100 feet. The wells are operated by WBI and are typically stimulated with Nitrogen (N,) foam
L containing 40,000 lbs of 12/20 proppant, and have Estimated Ultimate Recoverable reserves
(EUR’s) ranging from 175 to 400 MMcf, and produce no water or other liquids. There is a period
of reduced production rate immediately following the stimulation which was believed to be a
. result of the retention of the spent stimulation liquids thereby supporting the potential benefit of
E the liquid-free CO,/sand. Additionally, the maximum size of the CO,/sand treatments is the same
as that conventionally used, 40,000 lbs, which would complement the comparison of the liquid-

free treatments with those conventionaily used.

There were eight nearby control wells which were used to compare the production results from

the candidate wells. The treatments were successfully executed and utilized 20/40 proppant in a

cost-shared demonstration with WBL. The production results were disappointing in that they were
(] essentially the same as those from conventional stimulations. There is a suspicion that the use of
the smaller 20/40 proppant mﬁy serve as an impediment as it has been demonstrated that the
conventional N; foam stimulations result in greater production rates when the larger 12/20

proppant is used then when 20/40 is employed. The basis for this concern is contained within.

The cost of the conventional stimulations is $18,500 and the cost of the CO,/sand stimulations

averaged $53,957 which would require an increase in production rate of 2.9 times.

II. INTRODUCTION
The fourth group of wells to be treated are situated within the Williston Basin on the Bowdoin

Dome, a basement driven pop up event in north-central Montana. Three candidate wells in Phillips

.- County near the town of Saco were selected on the basis production projections from
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conventionally stimulated offset control wells and, then they were hydraulically fractured with
CO,/sand in July, 1998 . Approximately 40,000 pounds of 20/40 sand proppant, the maximum
quantity was placed in two and 38,600 Ibs in the third.

The wells in the test area produce from the Phillips Sandstone, a low-pressure, nearly dry-gas
formation which produces an immeasurable quantity of water primarily as a vapor. There is no
water present in the surface facilities. They generally have estimated ultimate recoverable reserves
(EUR’s) ranging from 175 to 400 MMcf and are typically stimulated with nitrogen (N,) Foam and
40,000 Ibs of sand proppant.

On the basis of the time required to reach maximum production rates following the foam
stimulations, although not unreasonable, the Phillips was suspected to be damaged by the
stimulation liquids. Because of this lengthened clean up behavior and the suspicion that the spent
stimulation liquids were the root cause of the suspected damage, it was agreed that the utilization
of the liquid-free CO,/sand stimulation could potentially provide a significant benefit and that

production rate increases could possibly resuit.

The CO»/sand stimulations utilize approximately the same proppant volume and because no spent
stimulation liquids remain were considered to be undamaged by the retained fracturing Liquids. It
was anticipated that because of the similar proppant quantity of the two treatment types that the
length of the induced fracture should be approximately the same. The hydraulic fractures
generated with the CO»/sand process were expected to be more productive primarily because of

the similar lengths and the reduced impediment to gas flow.

The results have been disappointing in that the twenty-four month cumulative gas production
from the three candidate wells stimulated with CO,/sand have not out performed the seven
control wells which were stimulated with N> Foam nor have they been any worse. The cumulative

productions are essentially identical.
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Based on observations of the production behaviors, a potential explanation of this unexpected

response is suspicioned to be a consequence of the smaller size proppant used in the CO,/sand

stimulations, The three candidate wells utilized 20/40 mesh and the control wells employed larger
12/20 size proppant. Of interest is the observation that the cumulative production from the wells
‘+ with the larger proppant have, as is generally the case, significant variations while that from the

wells with the smaller size proppant do not. Their performance is essentially identical and without
i variation. This is a unique and unexpected response and there exists a reasonable anticipation that

the gas production rates from the wells which are stimulated with the liquid-free CO./sand
J process would be improved if a larger proppant size were utilized. This recommendation is not
without risk. It should be recognized that while there was no difficulty encountered in placing the
smaller and conventionally used proppant size with the less viscous CO,, it may be found to be
[ difficult with the larger proppant. Conversations with experienced operations personnel very
1 familiar with this technology have indicated that larger 12/20 proppant, has been successfully
placed in the same formations in southern Alberta. Therefore, this potential for stimulating wells

. in the Bowdoin Field with CO, and the larger size proppant exists

Im. BACKGROUND

Fidelity Exploration & Production Co (formerly Williston Basin Interstate Pipeline Company
(WBI) - subsidiaries of MDU Resources) is the operator of a large number of wells in the
{ Bowdoin Dome in Phillips County, Montana. These wells produce from the Phillips Sandstone, a
shallow (1,200 ft), lower pressure (300 psi) Upper Cretaceous formation that was suspected of

being damaged by conventional N, Foam stimulation procedures. WBI was both interested in

determining if a production improvement would result from the CO,/sand stimulation process, and
in participating with the DOE in a cost-shared demonstration and evaluation of this technology.

The production response characteristics of this formation and offering were considered to be a
viable opportunity to evaluate the benefits of the CO,/sand stimulation technology, primarily
because of the absence of produced liquids of significance from the Phillips Sandstone and, also
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i because the conventional treatments as well as the CO»/sand process utilize the same quantity

proppant, 40,000 pounds.

1t had been estimated that 81% of the spent stimulation liquids remain in the Phillips and that

these liquids could be damaging the reservoir and reducing the gas producing potential.

i The Bowdoin Dome is within the Williston Basin and is centered in Phillips County, Montana,
approximately 50 miles west of the Ft. Peck Indian Reservation (Map 1). It has been producing
natural gas in commercial quantities since the 1920's from several Upper Cretaceous age

formations, the Lower Phillips Sandstone being the deepest. It along with the Upper Phillips are

L the producing formations in the three candidate wells which are the focus of this demonstration.
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Iv.

It should be pointed out that in this demonstration, that for the first time, only the Upper Phillips
Sandstone was perforated in all of the wells drilled in 1998, 99, and 2000 programs. This

decision was based on the results of a tracer survey study which indicated a benefit to this

strategy. A discussion of the evaluation and conclusions follows in the PERFORATION
STRATEGY section (9).

GEQLOGY

The Phillips Sandstone is within the Greenhorn sequence of the Colorado group and can be
considered as a traditional sand reservoir, there are two members, both an Upper and a Lower
Phillips Sandstone. The shallower Bowdoin Sandstone (Carlile sequence) can contain as many as
three benches and is also productive. It is overlain by the Martin Sandstone, which is a zone
contained within the Niobrara sequence (Figure 1). The Niobrara is rich in organic materials and
is self-sourcing. It can be analogized to "a big pile of mud with silt and sahd stringers” and is a

likely source of the gas contained in the Bowdoin and Phillips sands.
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Figure 1
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A. Stratigraphy

J——

The Phillips has a repeating coarsening upward sequence and is readily identifiable on
electric logs (Figure 2). At least two of the cycles are present and productive. The cleaner
% portion of the cycle is shown to comsist of very fine quartzose sandstone with laminae of

clay. The upper cycle generally has the larger porosity of the two.

. Figure 2
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V. RESERVOIR
The Phillips Sands constitute a volumetric drive reservoir with minimal water production. The in-
place gas reserves range from 30 to 60 Mcf per acre foot which results in calculated producible
reserves within the test arca ranging between 175 and 400 MMcf per well. The annual decline
rates range from 15 to 20 percent following a two to three month period of higher rate “flush
production”. Typical water production rates arc as much as, but generally less than one barrel per
month. The water is discharged into and quickly evaporates from an earthen pit. The majority of

the pits show little if any indication of ever containing produced water.

Within the test area the Phillips Sandstone Lies at depths ranging from 1100 to 1200 feet. The
thickness varies from 80 to 105 feet, the porosities range from 18 to 21 percent and the
permeability ranges from 0.5 to 5.0 md. Copies of the electric logs are attached.

The formation water salinity can range from 100 to 10,000 mg/l. Within WBI's operations the
salinities range from 800 to 8,000 mg/l. And, it is not uncommon for offset wells to have largely
different salinities, these differences do not appear to be related to the gas production. Perhaps the
evaporétion of the minimal water production prior to obtaining the water samples may be an

explanation for the large variations in the measured salinity.

A. Reservoir Pressure and Temperature

Generally the reservoir pressure and temperature are 300 psi and 70°F and the pipeline

pressure is approxirnately 100 psi.

Within the test area the reservoir pressure, as measured by shut-in wellhead pressures

ranges from 287 to 396 psi (Figure 3).
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Figure 3
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The CO; will readily vaporize under these conditions, approximately 25.6MM BTUs per 100

tons of liquid CO; are required (Figure 4).
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B.

Gas Properties

The gas composition is 93% methane, 6% nitrogen, and 1% other gases,.which results in a

biogenic gas with a calorific value of 950 BTU per cubic foot.

Sensitivity to Stimulation Liquids

The control wells were stimulated with 65 quality nitrogen Foam. Because of the liquid
sensitive nature, lower pressure of these formations, and the reduced volume of the
stimulation load water returned, which has been estimated to be 81%, it was suspected

that the advantages of a liquid-free stimulation could result in an economic benefit.

Estimated Ultimate Gas Recovery (EUR) & Production - Months 2-13

The oldest control wells had, at the time of the test preparation, been producing for three
years and were projected to have EURs ranging from 175 to 350 MMCF.

It was later observed that both the control and candidate wells stimulated in 1998 would
all have lower production rates and consequently reduced EUR’s than those of wells
which had been drilled prior to 98.

It was also agreed that the success criteria would be to compare the cumulative gas
production volumes for producing months two through thirteen. Within the test area the
gas productions for months two through thirteen from the eight well control group the
ranged between 24.2 and 71.1 MMcf, averaging 57.3 MMcf. However, it was
subsequently determined that the production from the wells conventioria]ly stimulated
with N foam at the time of the test in 1998 also had significantly lower production rates.
The production for months two through thirteen from the seven new wells stimulated
with N; foam in July 1998 ranged from 16.6 to 54.7 MMcf, averaging 33.1 MMcf. Had

this been known at the time, the criteria for success would have been reduced.
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VI

VIIL.

IS THE PROPOSED RESERVOIR LIKELY TO BENEFIT FROM THE CO,/SAND
TECENOLOGY?
Because the CO,/sand stimulation utilizes CO, as the working fluid which is pumped as a liquid

and subsequently vaporizes at formation temperature and flows from the reservoir as a gas, no

liquid remains behind and the gas can flow from the reservoir unimpeded.

Because of the absence of produced liquids from the Phillips Sandstone in this area, where it had
been estimated that 19% of the spent stimulation liquids remain in this “slow to clean up”
reservoir and also because of the similarity of the proppant volumes, 40,000 pounds for both the
N; Foam and the CO,/sand stimulation types that the reservoir would benefit from the CO,/sand

stimulation.

OPERATOR

WBI indicated an interest in the process and was fully supportive with the demonstration of the
liquid-free stimulation technology. They provided and ensured an excellent test opportunity and
were, and are, in a position to derive a significant economic benefit from a successful result. They
continue to have an active drlling program and could employ any beneficial results in their

upcoming activities.

They requested DOE cost-shared support and agreed to share the production data from both the

control and candidate wells for five years.

TEST AREA

The test area is located in the northern most segments of WBI’s Bowdoin Dome drilling
boundaries and is approximately rectangular with dimensions of 2-1/2 by 3 miles. It is nine miles
northwest of the town of Saco and three miles north of the Nelson reservoir. It includes seven

sections within townships 32N and 33N and Range 32E (Map 2).
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It includes the three candidate wells, #'s 1019, 1020, and 1021, and at the time of the test, sixteen

control wells consisting of nine existing wells and seven new wells all of which were stimulated

with nitrogen Foam (Map 3).
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A. Candidate Well Selection

The candidate wells were selected on the basis of their representative nature and position

within the field, distance from an established reservoir boundary, and their proximity to

conventionally stimulated control wells.

They were selected to provide a reasonable distance from an established dry hole area to
the north and, also such that they would be surrounded by representative, commercially
B viable control wells.

L The candidate wells are located 1 to 1-1/2 miles south of the dry hole area, and are
positioned such that there are a number of representative wells between the test area and
L. this northern field terminus. This area of uneconomic reserves north of the test area was
previously identified and established as a field boundary. The wells drilled north of this
boundary (604, 607, 608, and 695) were abandoned as non-commercial. They confirmed

the presence northern edge of an up- thrown block and of the presence of a tear fauit

having approximately 25 feet of vertical displacement (Map 2).

The Phillips in the northernmost group of active wells, 972 has the lowest sub-sea
elevation (1924 ft), the thinnest section (67 ft), and a reduced EUR (200 MMcf) and was
considered to be indicative of the reduced potential near this northern field boundary.

The initial proposal, Package #5, included three candidate wells, 1015, 1017, and 1019,
Contour maps were then constructed from the control well data: the projected sand
thickness, porosity, average daily production, and the cumulative production for months

two through thirteen (Maps 4-7).
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After reviewing these contour maps, two of the wells, 1015 and 1017 were rejected as

being influenced by the thinning of the sand, reduced cumulative production, and porosity

reduction, presumably resulting from the influence of the tear fault. They were replaced by
wells 1020, and 1021. The result being that wells 1019, 1020, and 1021 were chosen as
the candidate wells. A revised submittal package, #5A was prepared and submitted to the

DOE for consideration.

The projected values for both the rejected and candidate wells were:

Well #: 1015 1017 | 1019 | 1020 | 1021 1022
Status Rej Rej Cand | Cand | Cand | Extra
Sand Thickness (Ft) 88 73 82 90 100 100
Porosity (%) 20.1 19.5 20.7 | 21.0 19.5 19.5
Avg Daily Prod (Mcf/d) 100 75 100 110 125 90
Cum Prod Mo 2-13 (MMcf) 32 42 54 45 54 45
B. Control Wells
1. Production Review and Projections
The production projections were based on the observations made from the
produced volumes from the nearby control wells which were all perforated in both
the Upper and Lower Phillips Sand members-Cumulative for Months 2 through
13:
Control Wells (N; Foam)
Existing Wells (Stimulated Prior to 07/98)
APL # Cum Prod (MMcf)
Well #| Twp Rge | Sec | Quad | 25-071- Month 2 Month 13 {Month 2-13
972 33N 32E | 27 | NW 22267 1.046 25.433 24.387
973 33N 32E | 32 SE 22268 1.187 80.759 79.572
974 33N 32E | 33 | NE 22269 0.874 55.875 55.001
976 33N 32E | 35 | NW 22272 0.441 56.654 56.213
990 32N 32E | 02 | NW 22275 12.699 83.790 71.091
991 32N 32E | 0l | NE 22279 9.158 63.894 54.736
997 33N 32E |{ 32 | NE 22287 mn 32.568 32.568
1600 32N 32E | 02 SE 22283 10.880 71.401 60.521
1002 33N 32E | 33 SE 22288 9.671 66.678 57.007
Avg (n=8) 57.316
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2. Treatment Volume

The typical nitrogen Foam treatment includes 40,000 pounds of 12/20 sand as the

proppant.

3. Cost

The cost of typical nitrogen Foam stimulation in July 1998, at the time of the test

was $18,500 including nitrogen. The cost was reported earlier as $25,000 which

included $5,000 for nitrogen and was initially used to project the required ratio for

an economic success.

C. CO0O-,/Sand Stimulation Treatments

1. Design

a.

Proppant Size
The proppant size utilized with the CO,/sand stimulations was 20/40 which

is conventionally used with the lower viscosity of the liquid CO..
Consideration was given to utilizing 20/40 for the for the first treatment
and if the sand placement progressed smoothly, which it did to then utilize

the larger 12/20 proppant for the remaining treatment(s).

There was no difficulty encountered in placing the smaller proppant in the
first treatment and, as planned, efforts were made to obtain 12/20 proppant
which was being stored nearby and at the time being utilized by another
service company in the execution of the N, Foam stimulations on other
WBI wells. Unfortunately, although the proppant was available and
dedicated to WBI, the other service company, Halliburton Energy Services
would not make it available presnmably because the CO»/sand stimulations
were being performed by a competing service company, Canadian

Fracmaster.
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b. Treatment Volume

The conventional stimulations utilize approximately the same proppant
volume as that for a CO,/sand treatment although of a larger size (12/20 vs
20/40). The similarities of the proppant volumes resulted in a like

comparison of the production resulting from the two stimulation types.

It should be noted that upon review and comparison of the production
histories that there is a question as to whether the production rates from
the CO./sand stimulations would have been greater and especially more

variable if the larger proppant had been used.

Because the production responses from the three CO./sand stimulations
lack any variability and are essentially identical, it is suspected that the
production is limited by the proppant pack conductivity which is
suspicioned to be reduced by the embedment of the smaller diameter
proppant into the Phillips Sandstone.

Various stimulation designs were prepared by Canadian Fracmaster and
presented to WBI. The result being that the design which included the

largest proppant volume was selected.

The proposed design included 44,100 pounds of 20/40 sand proppant and
542 barrels (104 tons) of liquid CO, pumped at 38 barrels per minute, A
maximum sand concentration of 5 pounds per gallon and a wellhead

pressure of 977 psi was projected.
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The recommended stimulation design was:

PROPPANT FLUID SCHEDULE
Cum Stage | Proppant | Proppant Cum
(bbly | (bbD (ppg) (b) (Ib)
Stage
Hole Fill (Liquid CO,) 25.0 25.0
Pad (Liquid COy) 190.0 | 165.0
Start (20/40 Sand) 220.0 30.0 0.8 1,060 1,000
Increase (20/40 Sand) 260.0 40.0 1.7 2,850 3,850
Increase (20/40 Sand) 410.0 | 150.0 2.5 15,750 19,600
Increase (20/40 Sand 587.0 | 177.0 33 24,500 44,100
Flush (Liquid CO,) 606.0 | 19.0
TREATMENT FLUID REQUIREMENTS
Hole| Pad Prop Flush Bottoms Total
Liquid CO, (bbl) 25.0] 165.0 | 397.0 19.0 189.0 795.0
Nitrogen (SCF) 199,148
D. Treatment Volume Comparison - Conventional vs CO,/Sand

The treatments typically consist of 18,500 gallons of 65 quality nitrogen Foam which
requires approximately 6,500 gallons of water and chemicals. The nitrogen component is
pressure dependent and is approximately 75 Mcf. The breakdown pressure is generally
1000 psi and the treatments are generally pumped at 30 barrels per minute at a wellhead
pressure of 750 psi. The sand concentration is progressively increased to 12 pounds per
gallon at the end of the treatment to completely pack the fractures near the well bore. This
procedure has been introduced by Halliburton Energy Services as an outgrowth of a study

and has resulted in improved production rates.
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IX.

STIMULATION CHECK LIST

A stimulation check list was developed early in the selection and test design process to capture

the reservoir, production, stimulation, etc. specifics {Figure 5).

Figure 5 (p. 1 of2)

PETROLEUM CONSULTING SERVICES
{330) 499-3823
(330) 499-2280 (fax)

CO-\SAND STIMULATION CHECKLIST

p. 1 of 2
Date 05/13/98
Formation: Phillips Sand Cperator: Williston Basin Intrst Ppln Co.
Geologic Era: Upper Cret P, O, Box 131
County: Phillips Glendive, MT 59330
State: Montana
Field: Bowdoin Dore POC: Demnis Zander (406) 355-7200
Basin Willisten Fay (406} 359-7273
1. Reservoir
a. Depth (ft): 1190
b. Thickness (ft): 100
¢. Porosity (%): 18-21
d. Permeability (md)}: 0.5-5.0
e, Pressure (psig): 300
£f. Terp (deg F): 70
g. Well Spacing (A): 160
2.  Production
a. Natural
i. Gas (MMof/d): . 15
ii. oil (Bo/d): 0
b. Post-stimulation - Current Technology
i. Gas (MMcE/d): 210
ii. oil (Bo/d):
3. Campletion:
4. Frac Length Required (ft): 150 (model
5. Frac Gradient (psi/ft): 0.68
6. Frac Type (Gel Wtr, Foam, etc) - Present Technology NZ Foam
a. Breakdown Acid: None
b. Foam Quality: 65
¢. Breskdown Pressure {psi): 1000
d. Liquid Volume (bbls): —— BB
e. Sand Placed (sxs): 400
f. Rate (bpm): —_—30
g. Sand Conc (ppg): Ramp to 12
h. BAvg Treating Pressure (psi): 750
i. Max Treating Pressure (psi): 2800
3. ISIP (psi): 500
k. Costs (M)
i. Service Corpany: 19

ii. €0, (§/ton): BOC Gases from Cheyemne (675 mi) 145>245 w/mob
iii. Tanks w/ Trucking:

iv. Service Rig:

V. Load Water Disposal:
vi. Pit - Earthwork, Liner:
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Formation:

10.
11.
12.
13.

14,

15.

16,
17.
18.

19,

Load Water

Upper Judith River

Figure 5 (p. 2 of 2)

PETROLEUM CONSULTING SERVICES
(330) 499-3823
{330) 499-2280 (fax)

CC-\SAND STIMULATION CHECKLIST
p. 2 of 2

a. Vol Returned {bbls)/%:
b. Time Required {days):
c. Vol Retained (bbls):

Casing - Candidate Wells

a. Dia {in):

b, Weight (lb/ft):

C. Grade:
d. MWP (psi}:

Perforations - Candidate Wells

a. Depth (ft):
b. Number:

Calorific Value (dth/cuft):

Pipeline Pressure (psi}:

Allowable CO, concentration in Sales Line {%):

Gas Transperter:
Gas Purchaser:

a. Purchase Price ($/dth):

EUR with Current Tech

a. QGas (MMcf):
b, 0il (MBO):

NPV with Current Tech (&8M):

Predict Reguired EUR for Candidate Wells:

Predict Required NPV for Candidate Wells (&M):

Conments:

Dirty Sandstone

Drilled w/ fresh water polymer - Cannot ai

bearing uphole zone
Available to stimulate in July

05/13/98
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Operator: Williston Basin Intrst Ppln Co

30(19%)
-
125

1200
20285

255
100
2% Tariff
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Market
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N/A

-r drill because of water
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X. PERFORATION STRATEGY

‘\ The perforating practices employed in this test were changed from those used previously.

Based on the results of tracer surveys, it had been determined, prior to 1998 that the conventional
practice of perforating both the Upper and Lower members of the Phillips Sandstone is
superfluous and starting in 1998 it was decided to perforate only the Upper member.

[ The prior strategy had been to perforate both the Upper and Lower Phillips Sand members and
then to hydraulically stimulate them both with a single stage treatment. This procedure had been

L under review for some time and new information became available to support that:

A. The majority, if not all, of the stimulation treatment enters the Upper Phillips member and
[ very little, if any, enters the Lower Phillips. Also, if these two intervals are individually

stimulated there is no apparent production benefit.

B. Even with a delayed second stage stimulation, the addition of the Lower Phillips does not
increase the gas production rate. This subsequent stimulation of the Lower Phillips did not
result in any additional gas production benefit.

These conclusions are based upon radioactive tracer studies on four wells, #s 9835, 995,
997, and 999, which indicated that the Lower Phillips member is untreated, and also the
ineffectiveness of a delayed stimulation of the Lower Phillips in a non-traced well, #984.
The radioactive tracer logs and the production histories were included with the submittal

packages and are summarized in the accompanying well specifics
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Well #

Both the Upper and Lower Phillips Sandstone were treated in June 1996 with
985 a single stage stimulation which included radioactive tracer materials. A
| tracer log indicated that the entire treatment entered the Upper Phillips.

Both the Upper and Lower Phillips Sandstone were treated with a single
stage stimulation which included radioactive tracer materials in June, 96. A
tracer log indicated that the entire treatment entered the Upper Phillips.

: 995
P Additionally, following 11 months of production the Upper Phillips was

i isolated with a packer and the Lower Phillips was stimulated with 41,000 lbs
, of proppant, which was pumped through tubing. There was no increase in
. production.

Both the Upper and Lower Phillips Sandstone were treated with a single stage

L stimulation which included radioactive tracer materials in June 1996. A tracer
{ log indicated that the entire treatment entered the Upper Phillips.

. 997 :
b Additionally, following 11 months of production the Upper Phillips was

isolated with a packer and the Lower Phillips was stimulated with 41,300 lbs
of proppant, which was pumped through tubing. There was no ncrease in

| production.

Both the Upper and Lower Phillips Sandstone were treated in June, 96 with a
999 | single stage stimulation which included radioactive tracer materials. A tracer
log indicated that there was practically no entry into the Lower Phillips
Sandstone

C. Conclusions
X 1. There is no additional production derived from wells perforated in both the Upper
and Lower Phillips Sandstone and then stimulated with a single stage treatment.

2. Where both the upper and lower sand members are perforated and then stimulated

g with a single stage treatment, the fracturing treatment enters only the upper

member.
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D.

3. If these two intervals are individually stimulated there is no apparent production

benefit.

In a single well test which had been stimulated in and which was producing solely
from the Upper Phillips, there was no additional gas production contributed from
the Lower Phillips following the subsequent stimulation (through tubing) ofit.

4. The better perforation strategy is to perforate and stimulate only the Upper Phillips

Sandstone.

5. It was determined as an outcome of the tracer study that if the Lower Phillips is

treated separately, no production advantage is realized. The present view is that if
a stimulation is initiated in the Upper sand that it grows downward into the Lower
member, because it cannot penetrate the more competent overlying Greenhorn
formation. And, if the Lower Phillips is selectively stimulated, that the fracture
grows upward into the Upper Phillips. Therefore, the current thinking is that the
maximum production benefit is achieved by perforating and stimulating only the
Upper Phillips Sandstone. These findings have been recently confirmed and are the
basis for perforating all of the wells drilled in the Bowdoin Dome Field, since
1998.

Results

As a result of these findings, all of the 20 wells drilled in 1998 were perforated and
stimulated only in the Upper Phillips Sandstone. Additionally, all of the subsequent
Bowdoin Dome Field wells have been perforated and treated only in the Upper Phillips

Sandstone.

Concerns Regarding the Number of Perforations
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The large number of perforations in the candidate was a concern in that they may result in

reduced proppant transport as a consequence of diminished velocities.

This concern was discussed with Canadian Fracmaster because of their familiarity with
other successful treatment procedures in the area. They provided assurances that they
have executed numerous treatments in very similar zones in southern Alberta which were
treated through a large number of perforations and did not experience any unusual
difficulty in placing the design proppant volumes. They did not have any concerns

regarding the number of perforations proposed.

The treatments went smoothly and there were no problems encountered in placing
proppant and no pressure increases were experienced in the first two treatments as the

sand concentrations were increased to a maximum of 5.9 and 4.9 ppg respectively.

The last treatment did screen out as the sand concentration was increased. The sand
concentration at the surface was 8.2 ppg and the concentration at the perforations was 5.2
pounds per gallon at the tail end of the treatment. This design was intentional to determine
the maximum sand acceptance loading. In reality, without being able to discern it, it
appears that the likely maximum sand concentration of approximately 5 ppg was

approached during the first treatment.

XI. CRITERIA FOR SUCCESS

Upon review of the production responses from the conventionally stimulated wells drilled prior to
July, 98 it was agreed that, based upon the available information, the success criteria would be
realized if the cumulative production for months 2 through 13 would be 50 MMcf, if they were

conventionally stimulated with nitrogen foam and 40,000 pounds of proppant.
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By mutual agreement between all parties it was agreed that this should serve as the measure by

which the evaluation of the CO,/sand stimulations would be judged.

f Cum Prod Months 2-13
- Well # (MMcf)
0 1019 50
B 1020 50
1021 50

However as noted above, it was subsequently determined - as the production from the project
(! wells became available, that the cumulative gas production for months two through thirteen from
: all of the wells stimulated in July 1998 - both control and candidates - was lower than these
projections. Seven of these new wells, in the test arca were conventionally stimulated with N,
Foam and the two through thirteen month cumulative production from those wells ranged from
E 16.6 to 54.7 MMcf with an average of 33.1 MMcf, which was much less than the anticipated 50
MMct.

XI1. PRE-TEST CONCLUSIONS
The three candidate wells, 1019, 1020, and 1021 would provide an objective opportunity to

demonstrate the CO,/sand stimulation technology in a controlled experimental environment.
A. The wells have estimated ultimate recoveries (EURs) ranging from 175 to 350 MMecf,

B. That the cumulative productions for months two through thirteen represented a realistic

assessment,

. C. That because of the conventional practices for the Bowdoin Field wells of employing
stimulation treatments with 40,000 ibs of proppant that they did not require lengthy
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fracture extensions, and therefore were a good “fit” from a comparative job size

viewpoint.

D. Based on estimates of a 19% retention of spent stimulation liquids and a belief that the
clean up period was being lengthened by this liquid that the reservoir was probably
suffering from the damage resulting from the retained stimulation liquids,

E. The projected cumulative production for months 2 through 13 for the candidate wells, if
they were conventionally treated with nitrogen Foam was estimated to be 50 MMcf, This

served as the basis for comparing the effectiveness of the CO,/sand technology.

As mentioned above it was subsequently determined that the cumulative gas production
volumes from the wells treated in July 1998 were found to be significantly lower than that
from the pre-98 wells .

F.  The size of the Control Well data set was increased from 8 to 15 by including new wells:
#s 1013, 1014, 1017, 1018, 1020, 1021, &1022. Some of the originally proposed
Candidate Wells were rejected by the DOE and two of the previously identified Control
Wells, 1020 & 1021 became Candidate Wells.

G. The cost of the CO»/sand stimulations was projected to be 140% greater than that for the
current practices: $59,995 vs $25,000 (including $5,000 for N;)*. This cost differential

dictates an un-discounted 1.4 fold increase in the production rate.

*It has been subsequently determined that the cost of a N, Foam stimulation including the
nitrogen in July 1998, at the time of the demonstration was $18,500. This would result in
a required un-discounted 1.6 fold increase in the production rate - if the actual cost of the

COy/sand stimulation, excluding mobilization were employed [1-(48,124/18,500)].
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H.

The stimulation costs were burdened by an unexpectedly large cost for CO,. The distance

to the CO; supply points is significant and results in an unusually large cost.

It was anticipated that if the production responses from the candidate wells substantiated
the cost of the CO,/sand stimulations, then the increased local demand for CO; would
ultimately result in a cost reduction and further improve the economics of the non-

damaging process.

To prevent the possibility of standby charges, $10,000 per day, four on-site portable

storage units were utilized.

WBI controls a significant reservoir position and, if the benefits of CO./sand stimulations
were economically supported, then they would likely continue these efforts. The 1998
drilling program included 20 new wells.

At the time, there were an additional 65 Bowdoin Dome wells planned which subsequently
have been drilled.

The Phillips Sand wells were being completed in a 300 psi reservoir and were reportedly
returning only a small portion of the stimulation liquids, they were estimated to be 1,260
gallons or 19 percent. This retained stimulation liquid could be inhibiting the gas
production from this thick, low permeability gas reservoir, although there is no obvious
difference in the gas production from the wells completed when the reservoir was at a

higher pressure.

XIi. LETTER OF INTENT

A letter of intent which identified the candidate wells, specified the criteria for success, and the

required responses of all parties was developed and executed. It was then forwarded to the DOE

for consideration with the proposal package (Figure 6).
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PETROLEUM CONSULTING SERVICES
P.0O. Box 35833
Canton, Ohio 44735
{330) 499-3823

June 14, 1998

Mr. Dennis Zander - Staff Engineer

¢/o Mr. Don Brutlag - Superintendent
Gas Production and Storage

Williston Basin Interstate Pipeline Co.
P. 0. Box 131

Glendive, MT 59330

Via Fax (406) 359-7273

Re: (0\Swd Stimulations - DOE Cost-Shared Demonstration - Letter of Intent
~ Liahility Release

Dear Don,

I spoke with Demnis on Friday and relayed the latest from Fracmaster. Following
a review of CO\sand stimilations in the Milk River formation approximately 150
miles northsest of Saco, it appeared that the €O, requirements and therefore the
stimilatian cests cauld be reduced. Dennis relayed that he will be away for the
next two weeks and will be in touch, but that I should forward the Letter of
Intent and Liability Release to you for processing - they are attached. Please
see tiat they are executed as quickly as possible and return them to me. My fax
nurber is (330) 499-2280. :

Additionally, I've had several conversations with Mr. John Edwards at
Fracmaster regarding these modifications since my conversation with Dennis on
Friday afterncon, and received a revised cost proposal from him yesterday.
Deis shauld have received a fax also. Let me know if you need a copy and I'll
fax you one. The details are:

PROPPRENT PFLUID SCHEDULE

Cum Stage  Proppant Proppant Cum
Fluid Fluid Conc Stage Proppant
{bbl}  (bbl) _ _(epg) (1b) {1b)

Pad (Liquid CO,} 190.0  165.0
Start (20/40 Sand) 220.0 30.0
Increase (20/40 Sand) 260.0
Increase (20/40 Sand) 410.0
Increase (20/40 Sand) 587.0
Flush (Liquid €q,) 758.0

8 1,000 1,000
7 2,850 3,850
.5 15,750 19,600
3 24,500 44,100

WK O

TREATMENT FLUID REQUIREMENTS
_Hole  _Pad  _Prop Flush Bottams Tot
Ligquid O3 (bbl) 25.0 165.0 422.0 19.0 189.0 820.0
Nitrogen (SCF) 19,415.0
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ltr: Mr. Dennis Zander c/o Mr. Don Brutag:; 06/14/98

o \Sand Stimulaticns - DOE Cost-Shared Demonstration - Letter of Intent -
Liability Release

p. 2 of 2

The resultant costs for stimilating these wells with the CO,\sand technology

| are:
Equipment $16,053.79
Materials 36,957.65
(o % inel
53,011.44
Camputer Cantrol Center 1,080.00
Report 427.50
. 54,518.94
P 3 wells (x3) 163,556.82
. Mobilization 7
181,056.82
} Per well (33) 60,352.27
Cost To WBI 30,176.14
Cost To DOE 30.176.13
$60,352.27

[ ) Aditiomlly, Fmamster is projecting a wellhead treating pressure of 1293 psi
ard therefore the 3000 psi working pressure control valves should be more than
sufficient., That is, there is no need to procure 5000 psi hardware,.

L I have prepared a revised proposal, which was finished this afterncon and will
A hand deliver it te the DOE at Morgantown in the morning. I have scheduled a
' meeting to discuss these revisions and feel that the plans to C0,\sand stimulate
the week of July 13*® are realistic. A copy of the revised proposal is being
forwarded to your offices via overnight delivery.

I1'm planning to arrive in Saco m July 8" to cbserve a few foam fracs and to
finalize details with Fragmaster, and will coordinate these plans with Dennis.

I have prepared a prognosis for these treatments per your request and, now that
I know the projected wellhead treating pressures, will camplete it and get it
to you,

i
[
{

Please let me know if you have any questians. '

Sincerely,

e

attachments zza
Letter of Intent - 3 pp ‘
Liability Release - 1 pp
Package SA Dialog - 7 pp

[
1o
P
P
[
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Letter of Intent June 15, 1998
{p. 1 of 3)

Operator: Willisten Basin Interstate Pipeline Co (WBI)
A subsidiary of MDU Rescurces Group

Candidate Wells: Bowdoin Dame ~ Phillips Co, Montana

API No
- Hell ¥ Twp Rge Sec Quad  25-071-  Status _Ixeat
; i 1019 33N 32E 34 SE TED New July 98
P 1020 32 32E 01 W TED New July 98
1021 a2 32E 12 N TRD . Nesw July 98
vl Target Formation: Phillips Sands

b Production Projections - Cumlative for Manths #2 through 13:

{ Mef
| 1019 50
i 1020 50
1021 50
- Control Wells:
i f 3PI No
Twp Rge  Sec Quad  25-071-  Status _Treat
972 33N 32E 27 ™ 22267 Existing N/A
973 33N 2B 32 SE 22268 Existing N/R
[ 974 33N 32E 33 NE 22269 Existing N/A
| 976 33N 32E 35 13 22272 Existing N/A
' 990 328 32E 02 1) 22275 Existing N/R
991 32N 32 01 NE 22279 Existing N/A
g 997 3w 328 32 NE 22287 Existing N/A
| 1000 328 2B 02 SE 22283 Existing N/A
{ 1002 33N 32E 33 SE 22288 Existing N/R
1013 32N 32E 03 W TRD New July 98
1014 33N 32E 3l NE TBD New July 98
[ 1015 33N 32E 29 N TED New July 98
s 1016 33N 32E 28 SE TED New July 98
: 1017 33N 328 27 SW TED New July 98
1018 33N 32E 34 NE TRD New July 98
¢ 1022 32 32E 12 NE TED New July 98
1023 32N 32E 13 SE TED New July 98

The liquid @,\proppant stimilation process is beneficial in reserveoirs that are

licquid sensitive. This is because the process utilizes liquid carbon dioxide
L (@) as a treating fluid to both fracture the reservoir strata and to transport
b proppant, the liguid OO0, vaporizes following the stimulation and a completely
L dry fracturing treatment results.

The U. S. Department of Energy will, subject to their approvals, agree to
provide cost-shared funding for the stimulation of these candidate wells with
Pracmaster's closed system blender for liquid CO,\proppant treatments, if
certain criteria are met. WBI agrees to bear the remaining expenses.

!
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Letter of Intent June 15, 1998
p. 2 of 3

The project entails demonstrating the liquid OO0, \proppant process in a
omtrol led environment where sufficient background production informmation from
nearby wells can be used to cawpare the production results with the OO, \proppant
technology.

The design of the stimulation treatments is to consist of approximately 120
tons of liquid carbon dioxide and up to 44,000 pounds of 20/40 sand proppant
puped at injection rates of 50 to 60 barrels per minute, and to consist of a
single-stage treatment.

Because the liguid-free ¢0,\proppant process provides a campletely dry
stimilation it is imperative that liquids not be introduced into the wel lbore
following these treatments. WBI agrees to make every effort to avoid "killing"
these wells with water and will only kill a well in the event of an
ewirownertal or safety emergency. In the event of the need to introduce water
into the well, WBI will immediately notify Petroleum Consulting Services (PCS)
prior to the treatment, if possible.

The candidate wells will be turned in line shortly after stimulation and will
be cperated at wellhead pressures of 120 psi or less. This is to enable a
meaningful camparison of the technologies to be made.

WBI agrees to provide monthly production (gas, oil, and water) and pressure
data for both the candidate and the control wells for a reriod of five (5)
years. The monthly production information, including any recordings, shall be
forwarded to PCS.

Proppant, if any, will be removed from the wellbore at the operator's expense,
No liquids will be circulated for the clean-out unless written approval is
obtained from the DOE.

The DOE, subject to their approval of the submitted informatien, which
includes:

1. Letter of intent This documnent
2. A map of the candidate well and nearby offsetting wells
3. Electric logs Control and candidate wells
4, Cumlative production data Centrol and candidate wells
5. Monthly pipeline pressure data Control and candidate wells

6. Stimulation records tabular and strip charts
Control and candidate wells

7. Well completion reports Cemtrol and candidate wells
8. Description of the field activity Candidate Wells

9. Schedule for treating the candidate wells October 17" and 1&%

10. Liability Release (PCS) Attached

Will, through the cemtractor, Petroleum Consul ting Services, pay for one-half
(1/2) of the costs of the stimulations, including the serviee company charges
for produet {C0,, proppant), services, and mobilization.

WBI hereby indicates an intention to enter into a 50/50 cost-shared

participation of the stimulation expenses for these candidate wel 1s, subject
to DOE approvals.
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Letter of Intent
(p. 3 of 3)

dune 15, 1998

| WBI agrees to bear the r
! activities, i.e.,
cement bond log,

emaining expenses of these treatments and any remaining

those expenses nomally associated with these treatments:
perforating, dezers, service rigs, ete.

If these corditions are satisfactory, please acknowledge by signing below, and
retuwrning this document to:

"
|

Petroleum Consulting Services
P P. 0. Box 35833
I Canton, Chio 44735
L ) {330) 499-3323 (330) 499-2280 (fax)

Date: Signed:

& L7/ 0p C\%.,

~ Campany Offit'Sex/

Title: e e Aec\r/den/- yz>

L2220l 3Py

STl y

Witness:Qﬂ /g/u/ﬁ‘?
7/

¥
[
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XIV.

DOE APPROVALS

The DOE, upon review of the initial proposal package(#5), and the subsequent response to their
interrogatory questions which involved the substitution of two of the initially proposed candidate
wells (Two of the wells, 1015 and 1017 were rejected as being influenced by the thinning of the
sand, reduced cumulative production, and porosity reduction resulting from the influence of the
tear fault), and the re submittal of an amended proposal(#5A) agreed and returned a written
approval (Figure 7) of the test and the associated expenditures.
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PETROLEUM CONSULTING SERVICES
P.O. Box 35833
Canton, Ohio 44735
(330} 499-3823

June 25, 1998

Mr. Dennis Zander - Staff Engineer
Gas Production and Storage
Interstate Pipeline Co.

P. 0. Box 131

Glendive, MT 59330

via FAX: (406) 359-7273
Re: o, \Sand Stimlation - DOE Approval of Cost-Shared Project

Dear Mr. Zander,

I have received writtem approval fram the DOE (attached) to proceed with the
00, \Sand stimulation project for the three candidate wells; 1019, 1020, and
102]1. The wells are to be coampleted in the Upper Phillips anly as. The DOE has
agreed to pay for ane-half of the stimulation costs as described in the Letter
of Intent providing that the provisions are satisfied.

The approved cost reimbursements are based upon the following costs:

Location Saco
County Phillips
Stage(s) 1
Depth(ft) 1591
Horsepower (HHP ) 1806
O, Supply Point Medicine Hat, Albta
Requirement (tans) 151
Distance(mi) 310
Delivered Cost($/20001bs) 200
Cost-per stage($) 30,200.00
Cost-per well (§) 30,200.00
Equipment -per well 16,053.79
Proppant-Delivered($) 6,757.65
oo, 30,200.00
Camputer Control Center 1,080.00
Report 427,50
54,518,94
3 wells (x3) 163,556.82
Mobilization 7.500.00

$181,056.82
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ltr: Mr. Dennis Zander; 06/25/98
€0, \Sand Stimulation - DOE Approval of Cost-Shared Project
p. 20of 2

Per well (+3) 60,352.27
Total Cost To WBI 90,528.41
Total Cost To DOE 90.528.4]

5181,056.82

* Charges per day - based on 2 stages per day

My present plans are to arrive in Billings on Wednesday, July 8% and to meet
With you and John Edwards to discuss the operaticnal details and to make plans
for stimulating the three candidate wells starting Monday, July 13%. 1 know
that you are schediled to be in the field executing the foam fracs on the other
wells. Please let me know where it would be canvenient to meet .

Sincerely,

Riypdnd ¥ Mazza
attachments: Projedt Manager

DOE Approval (1 pp)
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. U. 8. Departrent of Energy /-\
Federal Energy Technology Center ~
3610 Cofins Fery Road 625 Cectyans Mill Road #ET[
P.O. Bex 880 PO, Box 109:1.0 B Sotoe N .
Motgantown, WV 25507-0380 Pirsburgh, PA 15236-0540 i Naconal m&mbm

Jume 25, 1968

| Mr. Ray Mazza, President

' Petroleum Consulting Services
_ P.O. Box 35833
P Canton, OH 44735

Re: Approval of DOE Cost-Shared Participation in Stimulating Three Williston Basin Interstate
(WBI) Wells with CO,/Sand.

L Dear Mr. Mazza:

[ Approval is granted for participation in the Upper Phillips Sand Project in Phillips County,

L Montana. As stated in the lerter of intent, DOE will pay for 50 per cent of the stimulation

o invoice costs. The three wells approved for CO,/Sand stimulation are (WBI numbers): 1019,
1020, and 1021.

WBI must provide all the flow down deliverables in the signed letter of iment. Following
stimulation, WBI must provide monthly production data as specified in the letier of intent.

DOE is eager to test the potential of this new fracturing process in increasing gas preduction
rates as well possibly increasing overall reserves at this field site. If successful, we would
cncourage their adoption and use of this process as the method of choice in their future well
drilling and stimulation programs in this area.

Sincerely,

| (Lt & st

Albert B. Yost
Project Manager/COR
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\!  XV. YIELD ACTIVITIES

[ A Preparations
' Preparations for the field activities included perforating the candidate wells and the
B placement of two 70 ton CO, storage vessels on the location and then filling them with

liquid CO, during the 24 hour period prior to the treatment.

B. Wellhead Isolation Tool

On the morning of the treatments, a wellhead isolation tool was run to comply with the

pressure rating of the wellhead valving etc.

C. Stimulations
A summary of the perforation, stimulation specifics (volumes, rates, pressures), and cost
information for all three wells is presented (Figure 8) and the individual job summary logs

and rate-pressure-sand concentration plots for each well are also included as noted below.

44




;
i
i
|
i
L

Final Report - Group #5 — Demonstration of CO»/Sand Stimulations in Three Candidate Wells (Phillips

Co, Montana) — July 1998 — Single Stage Treatments — WBI .
Contract #DE-AC21-94MC31199 — “Field Testing & Optimization of CO,/Sand Fracturing Technology’

'y

Figure 8 (p. 1 of 3)

PETROLEUM CONSULTING SERVICES

P.C. BOX 35833
CANTON, OH 44735
-(330) 450-3623

STIMULATION SUMMARY - ONE STAGE
DATE: 07/16/98 PAGE 1 OF 3
WELL: 1018 102¢ 1021

TARGET: U PHILLIP U PHILLIPS U PHILLIPS
SECTWP/R 34/33N/321 01/32NI32E 12/32N1:
FPLF?L: 1830571440 1600N/1600 1065NM361E
CO/sT: PHILLIPS/ PHILLIPS/M PHILLIPSMT
PMT #(25-07 22460 22454 22244

OPERATOR WEI WEI WBI
ELEV GL: 2260 2277 2273
TOT DPTH: 1250 1224 1220

COMPLTED 06/08/98  08/07/98 06/06/98
STIMULATE 0716/88  07/15/98 07H4/98

PERFS: 40 40 40
TOP: 984 975 970
BOT: 994 985 980
INTERVAL: 10 10 10
ACID{GAL): 0 0 o
CO2(BBLS): an 447 536
(TONS}: 62 86 103
{MMCF): 1.1 1.5 1.8
CLDWN&LOSS
(TONS): 23 27 36
TOTAL ==== Sem= ==
{TONS): 85 113 140
INV{TONS): 84 113 138
BOT(TONS) 50 30 5
PAD(BBLS): 16 15 14
SH(BBLS): 305 420 510
FLUSH{BBL: D 13 13
PMP(BBLS): 321 447 536
SAND(SXS): 430 a4 441
INWELL: 44 7 7
NET{SXS): 386 434 434
MESH: 20/40 20/40  20/40
Nz (MCF): 101 134 159
RATE(BPM)
A 409 45.9 45.3
M 42.1 47.2 45.8
PRESS(PSI)
A 754 870 943
M 2886 1363 1740
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i e e e i st s e = e Al A S e i e e S T Y e et it e bt vt —F——1—1—1

07/16/98 PAGE 2 OF 3
WELL: 1019 1020 1021
SND CONC(PPG)
A 3.4 25 2.1
M 8.2 4.9 5.9
HORSEPOWER
A 756 97¢ 1046
M 2981 1577 1859
PRESS AT PERFS:
@BREAKDOWN(PSI) 1363 1856
GRAD(PSIFT): 1.40 1.91
@AVG P(P 422 541 650
@MAX P(P N/A -120 1447
@ISIP(PSI, N/A 838 564
GRAD{PSI/F N/A 0.65 0.58
BRK DWN(F 1450 1363 1856
PRE ISIP{PSI): gr2 860
RATE(BPM); 46 44
ISIP(PSI): N/A 174 102
F(PSI100FT N/A 81 78
1 MIN(PSI): 276 174
2 MIN(PSI): 160
2 MIN(PSH): 174
15 MIN(PSI) 261 218 247
PRESS:
QPN FLO:
TIL:
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07/16/98 PAGE 30F 3
WELL: 1019 1026 1021
0 S S,

PUMPING($ 17,133 17,133 17,134 51,400
N2 inci incl incl
N2-MILEAGH incl incl incl
N2Z2-TRANSF incl incl incl
N2-PUMPIN incl incl incl
SAND * 2,932 2,833 2933 8,797
SAND-MILE, 3,825 3,825 3,825 11,475

23,890 23,891 23,891 71,672
Co2 * 16,800 22,560 27,640 67,000
CO2Z-TRANE 5,700 5700 CO2 RETURNED
CO2-PORT# incl incl incl
BLENDER incl inc incl
LISC FEE
TUBE TRLR incl in¢l incl
CO2-MILEA( incl ingl incl

22,500 22560 27840 72,700
MOBILIZATI 5,833 5,833 5,833 17,500
TRCKNG
TREE SAVE 2,181 2,181 2,181 6,543
MISC

S — P

Tt 54,404 54,465 59,546 168,415 168,415

/8K 141 125 137

SCREENOUT
@7.5PPG,
STARTED @6.5PPG
(5,.2PPG @ PERFS)
44 SXS IN CSG

FiLL, UP=300 FT
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Stimulation #1 - Weli 1021

The first well stimulated with CO,/sand was well #1021. It was stimulated with
44,100 Ibs of 20/40 API specification proppant and 103 tons of liquid CO; on July
14™, 1998. The treatment consisted of a total of 536 Barrels of liquid CO, pumped
at an average rate of 45.3 barrels per minute and an average pressure of 943 psi
and a maximum of 1740 psi and was pumped through 40 perforations in the 4-1/2
in casing located between depths of 970 and 980 feet.

The breakdown pressure was 1856 psi and the fracturing gradient was 0.51 psv/ft.
The sand proppant was pumped at an average sand concentration of 2.1, and a
maximum of 5.9 Ilbs/gal. At the termination of the pumping activity the
instantaneous shut in pressure was 102 psi. The treatment design was to
intentionally under flush to provide a proppant packed fracture to the well bore
and an estimated quantity of 700 Ibs was left in the casing - leaving an in-zone total
of 43,400 Ibs. The tabulated Frac Treatment Report and plotted information

summarizing these activities is presented in Figures 9 and 10.
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Figure 9
Williston Basin Interstate =
1021 WBI Federal Tuesday July 14 1998 ({H?AGMASTEEi}
Surface Conditions 22 Ton Liguid €O2 Frac
2500 100 — i
4 90 e I
2000 “ 80 _ 8

1 m ‘ 470 —_T
1500 i 60 — 8

] l {A Surface Hate 1 50
1000 & ,“h‘". | ‘l 40

‘Traating Pressure jl’\/ { 30 —1 3
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Pressure {psi)
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o
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Figure 10

i

FRAC TREATMENT REPORT

{
|
i QWNER Williston Basin Interstata SERVICE ORDER NO: 99943 DATE! 7/14/98
£ ADDRESS P.O. Box 131 JOB TYPE: 28.0 Tonne Liquld CO2 Frao

cITY Glendive, MT WELL NAME AND NO.: ‘WBI Foedaral

59330-0131 LOCATION: 1021

0.0, WT. Depth ol. Max. |FLUID TYPE: Liguid CO2 PROGRAM NO: WFMO025
| Tubing
L Gasing 4.6 9.50 870.0 16.78 4379.9

Total 15.78 CQp PUMPED: 536.0  hblimin
I Packsr Dapth NIA ft PETD 1146.0 #t COy COOLDOWN & LOSSES: 188.7 bblimin
; Formation Treated: Eagle/Phillips CO; TOTAL USED: 724.7 bbl

. 1 . Zons
PERFORATIONS From Ta Treated SPF
970.0 880.0 x 4

£ INTERVALS
E FLUSRH FLLID DENSITY 8.02  Ib/gal

ESTIMATED SAND TOP: 1102.0 feat

FRACTURE GRADIENT: 0.51 psifit
[ BREAKDCWN PRESSURE. 1856.4 psi
f ] Instantanesus Shut ln Pressure: 101.5 psi
{ ] OMNE Minute Shut in Pressure: 101.5 psi

15 Minute Shut In Pressurs: 246.6 psi
MIN. MAX. AVE. UNITS PAOPPANT DATA
[ PRESSURE 826.7 1740.4 942.7 psi PROPPANT PUMPED MESH CoNC. Ib/gal IN FOAM. | CORC.@ TOTAL PROP b}
' 1 RATE 44.0 45.% 45.3 bblfmin AGENTS lbs START END Ib PERES N
! : ) HORSEPOWER §92 1959 1048 hp Sand 44,090 20/40 o2 5.1 43,429 5.1 USED FORM.
AVAILABLE hp EB3C 3 Linits

i 44080 43429
; i PRESS. Psi STAGE VOLUMES bb! RATE bbiimin Downhole |Acrived at location 7:00 Hours
| TIME Casfng Cum_T Fluid Slurry Downhole Sond 1.aft Location at 17:00 Hours
i Fluid cone.  |REMARKS:
i
1 ? 15:54:189 174,0 0-25-0 Start hole fill. [Liquid CO3)
| i 15:55:54 18564 13.8 18.8 25-45.0 Hale full, start pad, {Liquid COz
o ' 15:58:29 1160,3 164.8 151.0 47.2 45.0 0.2-2,6€ |Pad away, start gand stage #1.

! 15:59:44 1000.7 208.8 44.0 284.1 45.0 2,66 |Sand stage #1 away, start sand stage #2.
. 18:05:39 241.2 435.3 226.5 104.0 45.0 2.66-5.1 |Sand stage #2 away, start sand stage #3.
i 16:07:29 841.2 523.4 88.1 45.0 5.1-C |Sand away, start flush. {Liquid COCo)
i 1 16:08:08 870.2 536.0 12.6 45.0-0 Flush away stop pumps.
13 i
: 1
i
[

i
i !
i
r
i
| .
Lo [
s e ot
[ VOLUME PUMPED 536.,0 bhl  |Pressure test surface lines to: 4350.0 Psi Annutar reltef valve: N/A  Poi
‘f : VOLUME IN FORMATION 533.8 bbl Maximum traating pressure: 3770.0 .Psl Hold arnulus at: N/A  Psl
Lo J|FRACMASTER REPRESENTATIVE CUSTOMER REPRESENTATIVE

Gord Miigate Gary Mclear: Dannis Zander /Ray Mazza

!

I
1
1

50



Final Report - Group #5 — Demonstration of CO,/Sand Stimulations in Three Candidate Wells (Phillips
Co, Montana) — July 1998 -- Single Stage Treatments — WBI :
Contract #DE-AC21-94MC31199 — “Field Testing & Optimization of CO,/Sand Fracturing Technology”

Stimulation #2 - Well 1020

The second well stimulated with CO,/sand was well #1020. It was stimulated with
44,100 Ibs of 20/40 API specification proppant and 86 tons of liquid CO» on July
15", 1998. The treatment consisted of a total of 447 Barrels of liquid CO, pumped
at an average rate of 45.9 barrels per minute and an average pressure of 870 psi
and a maximum of 1363 psi and was pumped through 40 perforations in the 4-1/2
in casing located between depths of 975 and 985 feet.

The breakdown pressure was 1363 psi and the fracturing gradient was 0.42 psi/fi.
The sand proppant was pumped at an average sand concentration of 2.5, and at a
maximum of 4.9 Ibs/gal. At the termination of the pumping activity the
instantaneous shut in pressure was 174 psi. The under flush proppant quantity was
700 1bs resulting in an in-zone total of 43,400 Ibs. The tabulated Frac Treatment
Report and plotted information summarizing these activities is presented in Figures

11 and 12.
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Figure 12

EFRAC TREATMENT REPORT

OWNER Willisten Basin Interstate SERVICE CRDER NO: 99944 DATE; 7/14/98
ADDRESS P.G, Box 131 JOB TYPE: 2C.0 Tonne Liquid CO2 Frac
cITY Glendive, MT WELL NAME AND NO.: ‘WBI Faderal
58330-0131 LOCATION: 1020
C.0. WY, Depth ol Max. FLUID TYPE: Liquid CO2 PROGRARM NO: WENMO25
Tubing
Casing 4.5 10.50 876.0 16.78 4379.9
Total 16.78 CO2 PUMPED: 448,88  bbl
Packer Depth NA PBTD 1146.G ft €O, CODLDOWN & LOSSES: 41.5  bb!
Formation Tteated: Eagle/Phillips €0, TOTAL USED: 521.3 bb!
Zone
PERFORATIONS From To Treated SPF
875.0 985.0 x 4
INTERVALS
FLUSH FLU!D DENSITY 9.02  Ibigal
ESTIMATED SAND TOP: 950.0  tfeat
FRACTURE GRADIENT: 0.42  psi/ft
BREAKDOWN PRESSURE: 1363.8 psi
Instantaneous Shut In Pressure; 174.0  psi
ONE Minute Shut In Prassure: 174.0  psi
15 Minute Shut In Pressura: 217.8  psi
MIN. MAX. AVE. UNITS PROPPANT DATA
PRESSURE 754.2 1363.3 870.2 psi_ | PROPPANT PUMPED MESH CONC, Ib/gal I FORM. | CONC.@'}  TOTAL PROP (b}
RATE 25.2 47.2 45.9 Bhlfnin AGENTS s START END 15 PERFS ]
HORSEPOWER 485 1877 878 hp Sand 44,090 20/40 0 4.9 43,429 4.9 USED FORM.
AVAILABLE bp 5830 3 Unitg
44090 43428
PRESS. Psi STAGE VOLUMES bhbi RATE bblimin Davmbole | Arrived at location 7:00 Hours
TIME Casing Cum Fuid Shurry Cownhele Sand Left Location at 17:00 Howrs
Fluld Cono, REMARKS:
12:39:43 116.0 0-25.0 Start hols filt, [Liquid CO3)
12:40:33 1363.2 14.5 14.5 25-48.0 Hele full, start pad, {Liquid CC5)
12:42:23 1073.2 24.4 79.9 46.0 0-2.37 |Pad away, start sand stage #1.
12:43:38 971.7 138.4 44.0 46.0 2.37 Sand stage #1 away, start sand stage #2.
12:47:43 783.2 301.9 163.6 46,0 2.37-4.9 |Sand stage #2 away, start sand stage #3.
12:48:53 a41.2 333.4 a1.5 46.0 4.9 Sand away, start flush. ILiquid CC.}
12:52:08 871.7 434.0 100.8 46.¢ 4.8-0  [Flush away stop pumps,
12:62:38 10007 12.6
= ———
VOLUME PUMPED 446.6 bbi _ {Pressure_test surface linss te: 4350.8 Psi Annular ralisf valve: NA_ Psi
VOLUME IN FORMATION 444.3 hbl Maximum treating prassura: 3770.0 Psi Hold annuius at: N/A Psi
.|FRACMASTER REPRESENTATIVE CUSTOMER REPRESENTATIVE
Gord Milgate Gary McLean Dennis Zandar /Ray Mazza
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3. Stimulation #3 - Well 1019
The third well stimulated with COy/sand was well #1019. It was stimulated with
32,100 Ibs of 20/40 API specification proppant and 62 tons of liquid CO; or July
16™, 1998. The treatment consisted of a total of 321 barrels of liquid CO, pumped
at an average rate of 40,9 barrels per minute and an average pressure of 754 psi
and a maximum, at screen out, of 2,886 psi and was pumped through 40

perforations in the 4-1/2 in casing located between depths of 984 and 994 feet.

The breakdown pressure was 1450 psi and the fracturing gradient was
undetermined because of the abnormally high pressure at the end of the treatment
due to the screen out. The tabulated Frac Treatment Report and plotted
information summarizing these activities are presented in Figures 13 and 14. The
sand proppant was pumped at an average sand concentration of 3.4, with a
maximum of 8.2 lbs/gal. At the termination of the pumping activity the pressure
was 2886 psi. An estimated quantity of 4,400 Ibs (300 f{) was left in the well bore

above the perforations.

The quantity of CO; employed in the Candidate Wells was reduced as the
treatments progressed and it was learned that proppant could be placed with lesser
volumes. The initial design was modified towards the end of the sand schedule to
determine if the sand acceptance concentration could be increased. As the -
treatments progressed it was learned that much higher than projected sand
concentrations could be pumped and therefore the sand placement required lesser

| CO, volumes, and that reduced treatment costs would be realized.
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2

Figure 14

’ FRAC TREATMENT REPORT

: OWNER Williston Bagin interstate SERVICE CADER NO: 58945 ‘DATE: 7/16/98
ADDRESS P.0. Box 131 JOS TYPE: 20.0 Tonns Liquid CO2 Frac
CITY Glendiva, MT ' WELL NAME AND NO.: ‘WB| Federal
593300131 LOCATION: 1018
.0, wT. Depth Vai. Max. {FLUID TYPE: Liquid cO2 PRCGRAM NO: WFMO025
Tubing
Casing 4.5 10.60 984.0 16.97 4379.9
Total 16.97 CQ, PUMPED: 320.8 bbl
X Packer Dapth N/A it PETD N/A it CO; COOLDOWN & LOSSES: 119.5  bbl
) Formatlon Traated: Eaglo/Phillips COp TOTAL USED: 440.3  bbl
Zone
— PERFORATIONS From To Troated SPF
B24.0 294.0 X 4
INTERVALS
i FLUSH FLUID DENSITY 9.02  Ibigal
b ESTIMATED SAND TOP: 850.0  {gst
FRACTURE GRADIENT: NiA psifft
. BREAKDOWN PRESSURE: 1450.3  pai
| instantanscous Shut tn Prassurs: N/A pai
' OMNE Minuta Shut in Pressure: 275.6 psi
L 16 Minute Shut In Prassuras: 281.1 psi
MIN. MAX. AVE. UNITS PROPPANT DATA
PAESSURE 667.2 2886.1 764.2 psi PROPPANT PUMPED MESH CONC. Ib/gal IN FORNM. | CONC.© TOTAL PROP 1Ib)
[ RATE 28.3 42.1 40.9 bblimin AGENTS lbs START END b PERFS N
l HORSEPOWER 463 2081 756 hp Sand 42,988 20/40 Q 8.2 38,579 7.5 USED FORM.
AVAILABLE hp 5830 3 Units
42988 38579
PRESS, Psi STAGE VOLUMES bbl RATE bblimin Downhole |Arrived at location 7:00 Hours
i' TIME Casing Cum Fluid Slurry Downhole Sand Left Location at 17:00 Haurs
E Fluid Cone.  JREMARKS:
4
H. 11:44:12 174.0 0-28.0 Start hols fill, {Liquid CO,}
i 11:44:02 1450.3 15,7 15.7 28-40.9 Hale full, start pad, (Liquid CO3}
E. 11:47:07 768.7 94.4 78.8 40.9 0.41-5.01 [Pad away, start sand stags #1,
11:49:62 687.2 188.7 94.4 1086.3 40.9 5,00 |Sand stags #1 away, start sand stage #2.
11:62:47 764.2 270.5 81,8 100.8 40,9 5.0-8.2 |Sand stags #2 away, start sand stage #3.
I 11:53:37 2886.1 320.8 50.3 8448.0 40.9-0 8.2-0  |Maximum Pressure, stop pumps.
i P
[
i
1
VOLUME PUMPED 320.8 bbl Pressura test surface lines to: 4350.0 Psi Annular relisf valve: NIA  Psi
[ VOLUME IN FORMATION 318.3 bhi Maximum treating pressure: 3770.0 Psi Hold annulus at: N/A  Psi
FRACMASTER REPRESENTATIVE CUSTOMER REPRESENTATIVE
Gord Milgate Gary Mclean Dennis Zandar /Ray Mazza
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This last treatment did screen out as the sand concentration was increased and the

- sand concentration at the perforations was 5.2 ppg - the recorded sand loading at

the surface was 8.2 pounds per gallon at the tail end of the treatment. This design
was intentional to determine the maximum sand acceptance loading. In reality,
without being able to discern it, it appears that the likely maximum sand

concentration of approximately 5 ppg was approached during the first treatment.

D. Post Stimulation

1.

Flow Back Procedures

The flow back procedure was initiated immediately following the removal of the
stimulation hardware. The flow was restricted with a choke to enable the CO,
vapor to flow safely. The choke size was increased as the pressure diminished and
the CO, concentration was monitored. Some sand was produced as was expected
because of the intentional under flush.

CO; Concentrations

The CO; concentrations were monitored following the stimulations and they
diminished to a plateau of approximately 5.5%. Two of the wells reached this level
during the third day and the other, #1021 by the sixth - or possibly the fifth (no
measurement was taken that day). As would be expected, the CO; concentration

during the flow back was related to the CO, volume.

CO, Concentrations During Flowback

Well | Stimulated

COx(l) | COy(v) | Day | Day!| Day | Day | Day | Day | Day | Day
Tons | MMcf | #2 #3 | #4 | #5 | #6 | #7 #8 #9

1021 | 07/14/98 103 1.77 10.0 5.0 5.5 5.6
1020 | 07/15/98 86 1.48 5.0 2.6 36 | 5.5
1019 | 07/16/98 62 1.07 6.3 2.3 55155
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Cleaning Frac Sand from the Well Bore

WBI’s standard operating procedures immediately following the stimulation are to

confirm that the well bore is free of any frac sand or other debris.

This activity is generally achieved by circulating air with some minor volume of

surfactant through coiled tubing which is run to a depth below the perforations.

Following the stimulations both the candidate and contro! wells were all cleaned
this manner. The three candidate wells were as is generally the case with the
CO,/sand stimulations - because of the designed under flush, were found to have
sand in them across the perforations. It was circulated from the well bore to a total

depth considerably below the perforated interval.

Weil PerfIntvl | Depth-Top Perf | Sand Top | Fill-up | Clean Out Depth
®) 1)) (41 () €3]

1019 984-994 984 984 0 1148

1020 975-985 975 984 9 1156

1021 970-980 970 970 0 1165

It is note worthy that the sand lefi in the well bores was produced during the flow
back. There was very little sand found above the top perforation in any of the
wells, including the well which did screen out, 1019 which had an estimated 300

feet of sand in it.
After being placed in production the candidate wells did temporarily produce some

minor volumes of sand. It is suspected that this small quantity is from loose sand

either within or near the well bore.
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4. Pressure Measurement and Drawdown Testing

Prior to being placed in production each well was isochronously back pressure
tested (four point) with one-hour flow periods and a then a stabilized flow

obtained - in approximately 20 hrs. The results were:

Initial Well Gas .
Well Head Pressure AQF @ Hrs n Vented Drawdown | Stim Type
(psia) (Mscfd) (Mscf) (%)
1013 251.8 835 24 1.05 835 30.0 N; Foam
1014 348.2 400 24 1.03 393 45.0 N; Foam
1015 234.0 830 22 1.30 561 33.7 N; Foam
1017 342.6 420 20 1.40 420 33.5 N; Foam
1018 252.2 1018 20 1.15 743 38.3 N; Foam
1019 228.6 800 20 1.30 487 33.6 CO,/Sand
1020 206.4 630 20 1.25 476 30.0 CO,/Sand
1021 214.4 900 20 0.88 541 34.0 CO,/Sand
1022 240.5 1070 20 1.50 782 316 N, Foam
1023 N; Foam

Because of the lower than anticipated production test results and a suspicion that
possibly the extent of draw down may be a contributing factor, they were retested

to determine if the tests were representative.

Initial Well Gas .
Well Head Pressure AQF @ Hrs n Vented Drawdown | Stim Type
(psia) (Mscfd) (Mscf) ()
1019 249.5 660 21 0.81 415 40.8 CO,/Sand
1020 231.8 840 21 1.02 545 359 CO,/Sand
1021 234.1 780 24 0.87 548 36.3 CO,/Sand

There were some changes, probably as note worthy as any, is the observation that
the initial wellhead pressure was greater than it had been for the first test. This is
difficult to explain because there was no liquid introduced into the reservoir, other

than the CO, which may not have totally vaporized at the time of the first test.
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E.

However, if it did remain the low viscosity would not be expected to significantly

reduce the reservoir pressure.

Tubing Installation
Initial attempts to install 1.75 inch poly tubing (ID = 1.125in) in the three candidate wells

immediately following the stimulations was unsuccessful because the production rate was
too great. Consequently, the three wells which were stimulated with CO»/sand produced
for nine months without tubing whereas the other wells produced with tubing installed - to
remove any liquids. There was a concern that the production from the untubed candidate
wells may have been restricted and thereby influencing the production comparisons.

WBI’s field practices include the installation of tubing.

The three wells 1019, 1020, and 1021 were checked for sand bridges, liquid fill up, etc
with coiled tubing and plastic poly-tubing was then installed in each on July 23,1999.

The production response for the remainder of the month was monitored and two of the
three wells returned to their original production rate. Ploté summarizing the production
rates both before and afier the tubing installation are attached. (Figures 15-17). One of
the wells, #1020, initially appeared to be producing at a higher rate. Subsequent
monitoring indicated that the production rate may have been improved by a statistically

insignificant value (Figure 16).
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Figure 15
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Figure 16

1020 - CO2/SAND
W8I - Phillips Co, Mt - 22454

350 '
|

325

300

275

250

225 - — |- SN —

N
o
o
t
t

-
o))
L]

Production (Mcf/d)
5
/_—“IT"

e
[y
(4]

B o ey i

100 5 | - i ; RSSO | RSN S PO

75 f— —— L T e FUpp PR o ,i

50 [P W ., . e e e e -f

25 i N J—— S _.._.i
04— ’uL' : -—~»~»u T - —J

04/01 04/15 04/28 05/13 G5/27 06/10 06/24 07/08 07/22 08/05 08/19 09/02
1999

62



Final Report - Group #5 — Demonstration of CO»/Sand Stimulations in Three Candidate Wells (Phillips
Co, Montana) — July 1998 — Single Stage Treatmenis — WBI .
Contract #DE-AC21-94MC31199 — “Field Testing & Optimization of CO,/Sand Fracturing Technology™

Figure 17
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The installation of tubing in two of the wells stimulated with CO./sand, #1019 and #1021
did not improve the production rate, and therefore the production rate data is considered
valid and that an objective comparison of the two stimulation types can be made for these
two wells. The production rate from the only other well stimulated with CO,/sand, #1020
may have been slightly improved but so slightly that no, if any economic benefit resulted.

XVI. COSTS

A

Wellhead Isolation Tool

After discussing the COy/sand stimulations with Fracmaster, WBI concluded that a
wellhead isolation tool should also be incorporated with the treatments. Upon WBI's
request the DOE was requested to bear one-half of the cost of the wellhead isolation tool

services.

After discussions with the DOE they concurred and agreed to bear one-half of the cost. A
Canadian company familiar with sealing at the colder than normal temperatures, of the
liquid CO, was contacted and the scheduling arranged by Fracmaster. The projected cost
of the wellhead isolation services was $6,343.00 as a minimum, and included as many as
three wells.

Pumping Services

1. Projected - The projected costs for stimulating these wells with CO,/sand was:
2.

Equipment $16,053.79
Materials 35,957.65
COz incl
52,011.44

Computer Control 1,080.00
Report 427.50
53,518.94

3 Wells 160,556.82
Mobilization 17,500.00
178,056.82

Per Well (= 3) 59,352.27
Cost to WBI 29,676.14
Cost to DOE 29.676.13
$59,352.27
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Presuming that no standby charges were incurred, then the charge for stimulating
the three candidate wells was projected to be $178,056.82 [(3x53,518.94) +
17,500.00].

Excluding any subsistence charges, the cost to the project for the CO,/sand
stimulations, excluding the well head isolation tool was projected to be $89,028.42
for both WBI and the DOE or $29,676.14 per well — or a total projected per-well
cost of $59,352.27.

[P—

Actual

The actual costs for the CO,/sand stimulations were:

Well Stimulation Isolation Tool Total
1019 52.223.00 2.181.00 54.404.00
1020 52,283.33 2,181.00 54,464.33
1021 57.364.77 2.181.00 59,545.77
Totals 161,871.10 6,543.00 168,414.10
Projected vs Actual

The actual costs for the treatments was less than projected primarily because of

reduced CO, volumes as a result of the accelerated sand schedules.

Costs Stimulation Isolation Tool Total
Projected 178.056.82 6,333.00 184.389.82

Actual 161.871.10 6.543.00 168.414.10
Differences (16,185.72) 210.00 (15,975.72)
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XVII. RESULTS

A. Production Comparisons
The twenty-four month production is plotted for the ten new wells, 1013 through 1023 -
excluding 1016 which was not drilled (Figures 18-27 - following their respective tables
below) and tabulated and compared with the previously drilled control wells as follows.
Tt is readily apparent that the cumulative gas production for months two through thirteen
from all of the new wells, drilled within the control area in 1998 are less than those drilled
previously. Consequently the production has been tabulated in three stimulation type
groups:
1. N, Foam - Pre July 1998 (Control Wells)
2. N; Foam - July 1998 (Control Wells)
3. COy/Sand - July 1998 {Candidate Wells)
Group #1- Pre July 1998 (Control Wells)
Control Wells (N; Foam)
Existing Wells (Stimulated Prior to 07/98)
API # Cum Prod (MMcf)

Well #1 Twp { Rge | Sec Quad 25-071- Month2 | Month 13 | Month 2-13
972 33N | 32E | 27 NW 22267 1.046 25.433 24.387
973 33N | 32E 32 SE 22268 1.187 80.759 79.572
974 33N | 32E | 33 NE 22269 0.874 55.875 55.001
976 33N | 32E | 35 NW 22272 0.441 56.654 56.213
990 32N | 32E | 02 NW 22275 12.699 83.790 71.091
991 32N | 32E | O NE 22279 9.158 63.894 54.736
997 33N | 32E | 32 NE 22287 27777 32.568 32.568
1000 | 32N | 32E | 02 SE 22283 10.880 71.401 60.521
1002 | 33N | 32E | 33 SE 22288 9.671 66.678 57.007

: Avg {n=8) 57.316
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Group #2 - July 1998 (Control Wells)

New Wells (N; Foam) (Stimulated 07/98)

API # Cum Prod (MMcf)
Well# | Twp | Rge | Sec Quad 25-071- Month2 | Month 13 | Month 2-13
1013 32N | 32E 03 NW 22441 12.659 67.343 54.684 |
1014 33N | 32E 31 NE 22451 5.605 27.293 21.688
1015 33N | 32E 29 NW 22452 6.671 36.595 29.924
1016 33N | 32E 28 SE Not Drld
1017 33N | 32E 27 SW 22450 4.402 20.957 16.555
1018 33N | 32E 34 NE 22459 8.691 41.413 32.722
1022 32N | 32E 12 NE 22445 10.701 53.952 43,251
1023 32N | 32E 13 SE 22446 8.447 41.093 32.646
Avg (n=7) 33.067
Well #1013 - Phillips Sand
25-071-22441 Philiips Co, Mt
200 , ; - - - : ;
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Final Report - Group #5 — Demonstration of CO,/Sand Stimulations in Three Candidate Wells (Phillips

Co, Montana) — July 1998 — Single Stage Treatments — WBI

Contract #DE-AC21-94MC31199 — “Field Testing & Optimization of CO,/Sand Fracturing Technology”

25-071-22450 Phillips Co, Mt

Well #1017 - Phillips Sand
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Final Report - Group #5 — Demonstration of CO»/Sand Stimulations in Three Candidate Wells (Phillips
Co, Montana) — July 1998 — Single Stage Treatments — WBI
Contract #DE-AC21-94MC31199 — “Field Testing & Optimization of CO,/Sand Fracturing Technology™

Group #3- July 1998 (Candidate Wells)

Candidate Wells (COy/Sand)(Stimulated 07/98)
. API # Cum Prod (MMcf)

Well# | Twp | Rge | Sec Quad 25-071- Month2 | Month 13 | Month 2-13
1019 | 33N | 32E 34 SE 22460 5.473 40.178 34.705
1020 | 32N | 32E 01 NW 22454 6.601 40.376 33.775
1021 32N | 32E 12 NW 22244 5.164 36.520 31.356

Avg (n=3) 33.270
Well #1019 - Phillips Sand
25.071-22460 Phillips Co, Mt
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Final Report - Group #5 — Demonstration of CO,/Sand Stimulations in Three Candidate Wells (Phillips
Co, Montana) — July 1998 — Single Stage Treatments — WBI
Contract #DE-AC21-94MC31199 — “Field Testing & Optimization of CO»/Sand Fracturing Technology”

The average cumulative gas productions from each of these groups has been plotted (Figure 28)
and it dramatically indicates the superiority of the production from the pre 98 wells. The
cumulative production averages from both of the 98 Control (Group 2} and Candidate wells
(Group 3) are identical and considerably less than those drilled prior to 98 (Group 1).

It was determined later that the reduced production from the wells completed after 1998 was a

result of reduced well spacing and reduced reservoir pressure.

Figure 28
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Final Report - Group #5 — Demonstration of CO,/Sand Stimulations in Three Candidate Wells (Phillips
Co, Montana) — July 1998 — Single Stage Treatments — WBI
Contract #DE-AC21-94MC31199 — “Field Testing & Optimization of CO,/Sand Fracturing Technology”

Some possible explanations as to why the production from the newer wells was less than

that from the wells drilled prior to 1998 are:

o) The reservoir pressure has diminished.
o The revised perforation strategy has resulted in the reduction in the cumulative
production.

The production for groups 1-3 are also plotted as follows:
o Group 2 (N, Foam stimulated Candidate Wells drilled in 1998) - Figure 29
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Final Report - Group #5 — Demonstration of CO,/Sand Stimulations in Three Candidate Wells (Phillips
Co, Montana) — July 1998 — Single Stage Treatments — WBI
Contract #DE-AC21-94MC31199 — “Field Testing & Optimization of CO,/Sand Fracturing Technology”

Cum MMcf

o Group 3 (COy/sand stimulated Control Wells drilled in 1998) - Figure 30

CO2/SAND STIMULATIONS
WBI - Phillips Co, Mt
200
MMl —MAf A} -
R s A
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It is perhaps more apparent from these plots then it is from the tabulated data that:

o There is considerably more variance in the cumulative production volumes from
the wells stimulated with N, Foam (Figure 29) then there is for the wells
stimulated with CO»/sand (Figure 30).

This is an unexpected and unusual occurrence. In the past it has been observed that
the wells which have been stimulated with CO,/sand had significant variances in
the production rate while the foam stimulated wells sometimes had practically no
variance. This response was suspected to be a result of trapped stimulation liquids

which were inhibiting the production. The good news is that because there is a
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Final Report - Group #5 — Demonstration of CO»/Sand Stimulations in Three Candidate Wells (Phillips
Co, Montana) — July 1998 — Single Stage Treatments — WBI
Contract #DE-AC21-94MC31199 — “Field Testing & Optimization of CO,/Sand Fracturing Technology™

large production variance from the wells which were stimulated with foam there is

probably very limited, if any liquid phase trapping.

The thing that’s difficult to understand is that there is practically no production

variance between the three CO,/sand stimulated wells.

A potential explanation is that the larger proppant size, 12/20 and greater sand
concentration, 12 pounds per gallon utilized on the N, Foam stimulations may be
offsetting proppant embedment? That is, that the smaller proppant (20/40) and the
reduced proppant loading utilized for the CO,/sand stimulations was resulting in a
smaller propped fracture width.

The production rate from the wells stimulated with CO,/sand is essentially the

same from all three wells.

The wells stimulated with CO,/sand have always had significant variations in
production, while those stimulated with foam have not sometimes they are

essentially the same - especially in lower pressure reservoirs.

It is considered to be so unlikely that all three of the wells stimulated with CO,/sand

should have production rates that are essentially the same that it is suspected that these

well are influenced by some production limiting mechanism.

Some thoughts were:

Q

There could be sand or other blockages in the well bore?
The well bores were subsequently checked and determined to be unobstructed. It
was therefore suspected that the lack of variation in the cumulative production

responses is a result of limited conductivity in the hydraulic fracture.
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Contract #DE-AC21-94MC31199 — “Field Testing & Optimization of CO,/Sand Fracturing Technology”

o That the larger proppant size and concentration utilized on the foam stimulations
may be offsetting proppant embedment?
The proppant size used on all seven of the N, Foam stimulations on the Control
wells was the same size, 12/20 whereas the CO,/sand stimulations utilized only the
smaller 20/40 proppant

B. Production Comparisons-Projected vs Actual

The pre-test cumulative production projections were compared with the actual amounts
and in all instances the actual production for months two through thirteen were
considerably less than that projected. There does not appear to be any correlation between

the stimulation type and these differences.

Well # Cum Prod 2-16 (MMcf} | Projected (MMcf) Diff (%) StimType

1015 29.9 42 -29% N, Foam

L 1017 16.6 | 42 -60% N, Foam
L 1019 34.7 54 -36% CO,/Sand
o 1020 33.8 45 -25% CO,/Sand
i 1021 31.4 54 -42% CO,/Sand
- 1022 32.6 , 45 -28% N, Foam

Avg -32%

Well 1017 has the most drastic deviation between the actual and projected. It was one of

the originally proposed candidate wells and was rejected primarily because of the

projected reduction in sand thickness. It is also the most northerly well of the group and
closest to the known dry hole area near the reservoir boundary. (Refer to the section on

the Candidate Well Selection.

Other observations were:

o The monthly production rates from both the control wells (N, Foam) and the
candidate wells (CO,/sand) readily cleaned up following the stimulation, and
specifically that the wells stimulated with N, Foam did not exhibit a reduced

production rate or slow clean up period.
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Contract #DE-AC21-94MC31199 — “Field Testing & Optimization of CO,/Sand Fracturing Technology”

o Both groups of wells, control and candidate generally experienced a five month

period of higher “flush production™ rates.

C. Production Comparisons Bevond 13 Months

The 24 month cumulative production history is consistent with that reported carlier. The
table is rank-ordered for the 2-13 month cumulative production volume. The mitial
observations continue to be substantiated although the top three cumulative production
wells are now all N, Foam stimulations. Well #1023 has been moved up from the sixth
best producer to third. Also, the production from two of the COy/sand stimulations, wells
1019 &1020 have exchanged the third and fourth positions.

Cumulative Production {MMcf)

Well # Mo 2 Mo 13 Mo 2-13 Mo 24 Stim Type
1013 12.659 67.343 54.684 113.436 | N, Foam
1022 10.701 53.952 43.251 90.090 N, Foam
1019 5473 40.178 34.705 68.727 | CO»/Sand
1020 6.601 40.376 33.775 71.940 CO,/Sand
1018 8.691 41.413 32.722 68.653 N; Foam
1023 8.447 41.093 32.646 70.728 N, Foam
1021 5.164 36.520 31.356 63.800 | CO./Sand
1015 6.671 36.595 29.924 61.165 N; Foam
1014 5.605 27.293 21.688 45.973 N, Foam
1017 4.402 20.957 16.555 36.275 N, Foam

XVIIL. PROPPANT SIZE
Because there is some question as to whether the size of the proppant utilized in the stimulations
may impact the production rates a review of the different size proppants used in twenty wells
within the Bowdoin Field was made. The cumulative production was compared by utilizing the

following information:

Number of Wells
Proppant Size
Stim Type 08/16 12/20 20/40
N, Foam: 8 9
COz/ Sand: 3
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Contract #DE-AC21-94MC31199 — “Field Testing & Optimization of CO,/Sand Fracturing Technology”

The twenty month cumulative production was plotted for each of these three groups:

o Average cumulative production from all three proppant sizes - Figure 31

Gas Production vs Proppant Size
Bowdoin Dome - Phillips Co, Mt
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Gas Production vs Proppant Size 12/20
Bowdoin Dome - Phillips Co, Mt

12/20 - Figures 34 and 35
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XIX.

Tt is evident from these plots that:

The cumulative production averages of the wells stimulated with 08/16 and 12/20 are
identical (Figure 31),

The cumulative production average of the three wells stimulated with 20/40 is obviously

less than that of the two groups which employed the larger proppant sizes (Figure 31),

There are only three wells in this group and they were also the only ones which were
stimulated with CO,/sand.

The variance in the cumulative productions from the three wells stimulated with 20/40
(Figure 36) is much less, it is essentially non-existant than that of the wells in the other

two groups (Figures 32-35).

CONCLUSIONS

A.

Full proppant volume (40,000 pound) CO,/sand stimulations were easily executed in the
Phillips Sand in the Phillips Co, Montana test area.

The maximum sand concentration for COy/sand stimulations being pumped at 40 barrels
per minute is approximately 5 pounds per gallon. The first well stimulated (1019) accepted
5.9 ppg without any indications of rejection. For design purposes a maximum proppant
loading for 40,000 Ibs of 20/40 mesh proppant pumped at 40 bpm is 5 ppg.

The criteria for success was that the cumulative production from months two through
thirteen had to exceed 50 MMcf. This hurdle was based on the production from other
nearby wells which were drilled prior to 1998 and also perforated in both the Upper and
Lower Phillips Sandstone members.
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Only one of the ten wells stimulated in 1998, 1013 met this success criteria, and it was

conventionally treated.

D. The twenty-four month cumulative production volumes from the wells stimulated with the
liquid-free COy/sand process are essentially the same as that from the control wells treated

with N, Foam and utilizing the same 40,000 pound proppant volume.

E. The well which was stimulated first, 1021 and consequently had the largest CO, volume
pumped in it, is the poorest producer of the three candidate wells. Some possible
explanations are: |
1. The geology is poorer,

2. The reservoir pressure is lower,
The initial shut in well head pressures measured before the wells were turned in

line is essentially equal and is not considered to be an explanation of the

production variations.
Well Initial Well Head Press (Psia)
1019 228.6
1020 206.4
1021 214.4
3. The larger CO; volume resulted in a reduced proppant pack conductivity.
F. There is a suspicion that the wells which were stimulated with CO,/sand are being choked

by limited conductivity in the hydraulically created fracture, probably as a consequence of
the smaller proppant size used (20/40 vs 12/20). This is based on the observation of the
nearly identical monthly production volumes from all three candidate wells. And, also on

the production comparisons of twenty nearby wells which utilized larger proppant.
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It would be anticipated that there should be some variation in the production rates
between these wells as there are in the other wells within the field. It is possible that alt
three of these candidate wells have identical reservoirs but it is a unique and unexpected

r¢sponse.

o All three wells were subsequently checked for well bore obstructions by running

coiled tubing in them they and were found to be absent of any debris.

There was no sand nor liquids present above the perforated interval - there was a
small quantity of fresh water below the perforations. It was therefore concluded
that if there is a production limiting mechanism that it must be upstream of the

perforations.

o Tubing was installed in all three candidate wells and the gas production rates did
not change nor was there any liquid production observed. The conclusion is that
there is no production impediment caused by liquids or other mechanical
obstructions within the well bore, and if there is a limiting mechanism that it must

lie within the fracture or reservoir.

The size of the proppant differed between the two stimulation types. The N; Foam
stimulations utilized 12/20 sand and the CO,/sand stimulations incorporated smaller 20/40
sand proppant. The intention was to utilize the smaller proppant on the first CO»/sand
stimulation and if no resistance to sand placement was encountered to then utilize the
larger 12/20 proppant size. Upon successful placement of the 20/40 in the first CO,/sand
stimulation unsuccessful attempts were made to procure 12/20 proppant. The larger

proppant was locally present but made unavailable by a competing service company.

The wells within the test area which were stimulated prior to 1998 have greater monthly

production rates. There are some possible explanations:
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o The geology is poorer. This is considered the least likely explanation because of

the number of wells drilled and the resulting knowledge of the reservoir character.

o The reservoir pressure has diminished.

o) The practice of stimulating only the Upper Phillips Sand member is not accessing

all of the available gas reserves.

The monthly production rates from both the control wells (N, Foam) and the candidate
wells (CO,/sand) readily cleaned up following the stimulation, and specifically that the
wells stimulated with N, Foam did not exhibit a reduced production rate or slow clean up

period.

Both groups of wells, contro! and candidate generally experienced a five month period of
higher “flush production” rate.

XX. RECOMMENDATIONS

A,

Identify and execute other CO,/sand candidate well opportunities in the Phillips Sandstone

near the test area and to utilize 12/20 proppant.
Conversations with Canadian Fracmaster personnel indicate that similar formations within
150 miles of the test area have been sometimes successfully - but not always - stimulated

with COy/sand treatments which utilized 12/20 proppant.

Attempt fo determine an explanation as to why the cumulative production volumes from

the wells stimulated in 1998 are less than those completed earlier.

Identify the lowest landed cost for reliably delivered CO;.
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This report has been prepared as a summary of the CO»/sand stimulation demonstrations in the Phillips
Sandstone in Phillips County, Montana in July 1998. It is considered to be complete and to fairly

represent and assess the activities, results, and conclusions of these efforts.
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Final Report — Demonstration of CO,/Sand Stimulations in Four Candidate Wells (Blaine Co, Montana) -
September 2002 — Single Stage Treatments — Ocean Energy
Contract #DE-AC21-94MC31199 "Field Testing & Optimization of CO»/Sand FracturingTechnology"”

DISCLAIMER

This report was prepared as an account of work sponsored by an agency of the United States Government.
Neither the United States Government nor any agency thereof, nor any of their employees, makes any
warranty, express or implied, or assumes any legal liability or responsibility for the accuracy, completeness, or
usefulness of any information, apparatus, product, or process disclosed, or represents that its use would not
infringe privately owned rights. Reference within to any specific commercial product, manufacturer, or
otherwise does not necessarilir constitute or imply its endorsement, recommendation, or favoring by the
United States Government or any agency thereof. The views and opinions of authors expressed herein do

not necessarily state or reflect those of the United States Government or any agency thercof.
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Final Report — Demonstration of CO»/Sand Stimulations in Four Candidate Wells (Blaine Co, Montana) -
September 2002 — Single Stage Treatments — Ocean Energy
Contract #DE-AC21-94MC31199 "Field Testing & Optimization of CO,/Sand Fracturing Technology”

ABSTRACT

The demonstration of a 100% liquid free CO,/sand stimulation process was executed on four prdducing, but
unstimulated Candidate Wells (four stages) in the Upper and Middle Eagle Sands in Blaine Co, Montana in
September, 2002. The process is unique in that because CO; is the only fluid which enters the formation and
requirés a specialized closed system, pressurized blender to mix up to 45,000 pounds of proppant with the
CO,. The CO, vaporizes at reservoir conditions and leaves a liquid-free proppant pack. The reservoir
pressure in the Eagle Sands in the Test Area had diminished to 225 psi and was insufficient to expel the spent
stimulation liquids used in conventional water-based treatments, and consequently there are a large number of

unstimulated wells.

In-zone placed sand volumes ranged from 8,500 to 21,800 Ibs and was proportional to the CO, volume,
which ranged up to 835 Bbls and was limited by the maximum storage capability. All four wells had
production improvements which after 22 months ranged from 3.1 to 54.1 MMcfand averaged 19.5 MMcf.

The total incremental improvement is 77.8 MMcf,
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1 September 2002 — Single Stage Treatments — Ocean Energy
| Contract #DE-AC21-94MC31199 "Field Testing & Optimization of CO./Sand FracturingTechnology”

| L ABSTRACT

The demonstration of a 100% Iquid free COy/sand stimulation process was executed on four
I producing, but unstimulated Candidate Wells (four stages) in the Upper and Middie Eagle Sands in
Blaine Co, Montana in September, 2002. The process is unique in that because CO; is the only fluid
which enters the formation and requires a specialized closed system, pressurized blender to mixup to
45,000 pounds of proppant with the CO,. The CO, vaporizes at reservorr conditions and leaves a
liquid-free proppant pack. The reservoir pressure in the Eagle Sands in the Test Area had diminished
£ 10 225 psi and was insufficient to expel the spent stimulation liguids used in conventional water-based
= treatments, and conseqguently there are a large number of unstimulated wells.

In-zone placed sand volumes ranged from 8,500 to 21,800 Ibs and was proportional to the CO,
: : volume, which ranged up to 835 Bbls and was limited by the maximum storage capability. All four
- wells had production improvements which after 22 months ranged from 3.1 to 54.1 MMecf and
] averaged 19.5 MMcf. The total incremental improvement is 77.8 MMcf.

| I INIRODUCTION

Ocean Energy, Inc. (Ocean) was the largest gas producing company in Montana and was the operator
of record for approximately 650 producing gas wells in the north-central area of the state, southeast
of Havre (Figure 1). These wells produce from a shallow, 1,500 to 2,000 feet Upper Cretaceous
formation (Eagle Sandstone) which in certain pressure depleted segments of the Tiger Ridge field is

irreversibly damaged by the liquids used in conventional nitrogen foam stimulations.
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| Figure 1
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Final Report — Demonstration of CO»/Sand Stimulations in Four Candidate Wells (Blaine Co, Montana) -
September 2002 — Single Stage Treatments — Ocean Energy
Contract #DE-AC21-94MC31199 "Field Testing & Optimization of CO,/Sand Fracturing Technology”

II1.

Because the reservoir pressure in the Tiger Ridge field had declined to approximately 225 psi, liquid-
based stimulation techniques would not clean up following the treatment. The spent stimulation
liquids remain trapped in the formation and significantly impede gas production. Additionally, there
was also evidence of formation damage resulting from the invasion of drilling mud filtrate. These
wells contain large gas volumes which could be produced more rapidly if a non-damaging stimulation

process were available,

Ocean was therefore interested in the CO,/Sand stimulation process, primarily because of the non-
damaging, liquid-free aspects. And, was interested in the DOE cost-shared demonstration program to

offset the expense and evaluate the non-damaging aspects of this treatment.

The accompanying information addresses the specifics of the Tiger Ridge field in Blaine County,
Montana which identified six potential Candidate Wells for CO,/Sand stimulation (Four were

selected). The wells were producing, and following approval, were made ready and stimulated. Three |
required setting a plug to eliminate the lowermost perforations during the stimulation treatments and

were removed following a post stimulation period.

BACKGROUND

Since the discovery of Eagle gas at Tiger Ridge by High Crest Oil in November, 1968, the indusiry
has focused its attention on the development of this huge gas reserve and has conducted an extensive
search for new fields. Gas reserves found on the north flank of the Bear Paw uplift were estimated to
be in the magnitude of 500 billion cubic feet. "It is believed that additional exploration and
development drilling will prove new reserves on the north side of the uplift and a major new
producing area on the south ﬂahk. It is not unrealistic to estimate the probable reserves on the flanks

of the Bear Paw uplift in excess of 1 trillion cubic feet of gas.”
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Contract #DE-AC21-94MC31199 "Field Testing & Optimization of CO;/Sand Fracturing Technology"

The Tricentrol United States, Inc. initiaily operated the Tiger Ridge and Bull Hook Gas Units in
Blaine and Hill Counties of north-central Montana. The area of interest lies south of Havre, Montana,
and encompasses approximately 112,000 surface acres of unitized Eagle Sandstone Formation in the
two units as shown in Figure 1. The Eagle sandstones are approximately 1300 feet deep and range in
thickness from 5 feet to over 150 feet of net gas pay, with the average approximately 30 to 40 feet.

The discovery well was the O’Neil 1-8 in the SE/NE of Section 1, 31N-17E Blaine County, drilled
during September, 1966. The well was drilled through the Eagle Sandstone at 1340 feet and found to
be productive. This indicated the possibilitics of commercial gas production in the area.

METHODOLOGY
The methodology employed in this demonstration differs from that used in previous evaluations. In

the previous demonstrations the Candidate Wells were new wells with no production history, and in

those evaluations the post stimulation production from the Candidate Wells was compared with that

- from nearby producing Control Wells.

Because the Candidate Wells in this demonstration were unstimulated and had a previous production
history, the production which occurred subsequent to the CO»/sand stimulation was compared with
that prior to the treatment. This evaluation enabled the response to the stimulation to be compared on

a “before and after” per-well basis and eliminated reservoir differences.

The evaluation of the produced gas was made through the use of pre stimulation production rates
which is the basis for back-extrapolation to the earlier times i the producing life. This technique
results in an uninterrupted production sequence, and thereby eliminates the unknowns associated with
shut-ins, missing data, higher production rates resuiting from the pressure build-up associated with
shut-ins, etc. It also, and perhaps more significantly enables an unencumbered assessment to be made
in that it removes the bias created by the higher rate “flush” production rates frequently recorded
early in the producing life. The flush production is a result draining the more permeable portions of

the formation which can be increased by the presence of natural fractures.
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A. Mathematical Analog of Production Data
The procedure to remove flush or missing production volumes utilized a fit of a mathematic

equation of the later time, but pre stimulation production.

B. Missing Data
This process can also provide a significant benefit where there is missing production data.
Also, in instances where there is only a very limited knbwledge of the early production

histories or where there is co-metered gas production can benefit as well.
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C. Examples
} The following examples demonstrate the procedure utilized to remove the gas produced

during the flush production period which in this case lasted approximately 13 months.

,-w.w._,

The actual produced gas volume was 41 MMcf while the projected volume was 23 MMcfora

difference of 18 MMcf. The projected five year cumulative production is 92 MMcf whereas

the actual production volume measured was 110 MMcf.

L S-29
s (84765) Pike Co, KY
Completion: N, Gas - 2 Stages - No Proppant

P

Cum Prd (MMcf), Mnthly Prd x10
{MMch

i Months

[ CumMMcr W _(MMctido) x10 ——Cum MMct - Proj_ @ (MMGio) x10 - Proj
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In the second example there was no production data available for the first 29 months,
additionslly the available data included two shut in periods which are followed by flush
production. By utilizing a mathematic fit of the steady state production data a realistic
projection of the early time production resulted. The limited data set was then utilized, and

the bias resulting from the flush production periods following the shut in periods was

removed.
Montgomery Ck Well #3/11 - Dev Sh
Pmt #54885 Perry Co, Ky
35
Completion: N2 Foam E
1 Stage - 60,000 s '
g0 -1 T T R AR T SR e S R EE
g Z :
e et R e e RRTEREE
x ; : : :
E i i 1
o H i
L A B e R s il S R RREREEED e
Koy . '
£ H :
= : H
LT R R - ﬂ- -------- ---------
P , ;
2 ! :
P04 S S O
E’IU H <
E i :
=3 ' il
L B e L I I o . I o L
T T

In removing the effects of the flush production volume a more realistic assessment of the response to

the different stimulation types resulted. The production plots for each well including the actual and

F-S Gum MMcf - (MMciiMo) X 10 Cum MMsf - Proj ] {MMctMo) x10 - Proj

projected values are included.
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V. PRODUCING HORIZON
The Eagle Formation can be divided imto three umts: the upper, middle and lower sandstones. The

upper sandstone (Figure 2) attains a thickness of over 75 feet and is the primary gas producing
reservoir on the flanks of the Bear Paw uplift. The middle sandstone, which develops a thickness in
excess of 75 feet, (Figure 3) is separated from the upper unit by a 10 to 40 foot thick shale bed. It is
an excellent reservoir that only produces in those fault blocks where the upper sandstone is
completely filled with gas or where the upper sandstone is not developed. The lower sandstone is
thinner and less widespread than the other units. It is normally separated from the middle sandstone
by a thin shale, but locally the two combine. The lower sandstone only produces in two wells on the
south edge of the Tiger Ridge field, and in both of these wells, the upper and lower sands are
completely full of gas.

note: This information has been excerpted from literature prepared some years prior and there could
be, and likely are more than two wells now producing from the lower Eagle member. '
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Figure 2
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Final Report — Demonstration of CO,/Sand Stimulations in Four Candidate Wells (Blaine Co, Montana) -

September 2002 — Single Stage Treatments — Ocean Energy
Contract #DE-AC21-94MC31199 "Field Testing & Optimization of CO»/Sand FracturingTechnology™

Figure 3
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Final Report — Demonstration of CO,/Sand Stimulations in Four Candidate Wells (Blaine Co, Montana) -
September 2002 — Single Stage Treatments — Ocean Energy
Contract #DE-AC21-94MC31199 "Field Testing & Optimization of CO,/Sand Fracturing Technology”

VL. GEOLOGY

The Eagle Sandstones are within the Montana group of the Santonian stage (82-86 my) of the Upper

Cretaceous series and could be considered as a traditional sand reservoir. It is overlain by the Martin

Sandstone, which is a newly rediscovered zone contained within the Niobrara sequence (Figure 4).

A.

Stratigraphy

The Eagle Formation is composed of a series of thick, porous littoral sandstones which were
deposited during the first major eastward regression of the Upper Cretaceous sea. The
individual sandstone members are very extensive and for all practical purposes form blanket
reservoirs which extend from Canada southeast to the outcrop on the north flank of Cat
Creek anticline. The white, salt and pepper, fine grained sandstones are sub-angular to sub-
rounded and contain glauconite with some pyrite and lignite. They have excellent porosity and

permeability.

In the castern part of this region, the Eagle is underlain by the silty shale's of the upper
Colorado Group. In the western part, it is underlain by the Virgelle Sandstone, which is a
sandy facies of the upper Colorado.

After deposition of the Eagle Formation the seas transgressed the entire region and deposited
the gray shale's of the Claggett Formation. The Claggett is believed to be the primary source
ofthe gas produced from the Eagle Formation. The overall stratigraphy of the area is idealfor .

the generation and accumulation of hydrocarbons.
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Final Report — Demonstration of CO»/Sand Stimulations in Four Candidate Wells (Blaine Co, Montana) -
September 2002 — Single Stage Treatments — Ocean Energy

Contract #DE-AC21-94MC31199 "Field Testing & Optimization of CO,/Sand FracturingTechnology™

Figure 4
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Final Report -- Demonstration of CO,/Sand Stimulations in Four Candidate Wells (Blaine Co, Montana) -
September 2002 — Single Stage Treatments — Ocean Energy
Contract #DE-AC21-94MC31199 "Field Testing & Optimization of CO./Sand FracturingTechnology"

B. Structure
The Bear Paw uplift plays a major role in the entrapment of gas in the Eagle Formation. For
this reason it is important to understand the structural development of the area. As can be
seen from Figure 5, the northwest-southeast trending Eagle sandstones cross the present-day
uplift. This uplift probably formed in early Laramide time, however there is some evidence
that it may have begun to form as early as Eagle time. From its inception, the Bear Paw uplift
was a major focal point of gas entrapment. Evidence which is preserved indicates that a gas

field of enormous proportions accumulated before later deformation destroyed it.
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Final Report — Demonstration of CO,/Sand Stimulations in Four Candidate Wells (Blaine Co, Montana) -
September 2002 — Single Stage Treatments — Ocean Energy
Contract #DE-AC21-94MC31199 "Field Testing & Optimization of CO,/Sand Fracturing Technology"

VIL

As the Bear Paw uplift continued to grow, intensive igneous activity occurred in the central
part. This igneous activity, in combination with a very weak shear plane located just above the
Greenhorn Formation, caused extensive land sliding on both the north and south flanks.
Subsurface data show a large area on the south flank where volcanic flows rest on the lower
Colorado Shale. This is the area where the landslide broke away from the uplift when it slid to
the southeast. Similar conditions seem to exist on the north flank, but are not as well defined.
Deeper well penetrations indicate that faulting does not extend to depth, and that a normal
{unfaulted) structural configuration exists below the Greenhorn.

The landslide on the south side of the uplift is the easiest to define, since much of the
deformation can be mapped on the surface. The landslides carried with them the down dip
edges of the paleo-gas field. This gas was then re-entrapped in normal fault blocks which
occurred at the head of the shides. The Bear Paw uplift continued to rise, and erosion, which
stripped the Eagle Formation from the crestal part, destroyed a major portion of the old gas
field. Tt is believed that additional gas reserves will be found high on the flanks of the Bear
Paw uplift, within the normal fault block areas at the head of the old landslides. Numerous
traps are also present in the thrust fault segments which occur at the toe of the slide areas, but
to date these traps have contained only small gas pools.

FIELD

Because the wells in the Tiger Ridge Field are shallow, 1,500-2,000 feet, and are relatively
inexpensive to drill and complete, they provide good investment returns even at a 50% success rate.
The reservoir is naturally fractured as a result of the Bear Paw uplift and further it is

compartmentalized by igneous intrusives, and as a consequence the EUR’s vary significantly.
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September 2002 — Single Stage Treatments — Ocean Energy
Contract #DE-AC21-94MC31199 "Field Testing & Optimization of CO,/Sand Fracturing Technology"

VIIL.

RESERVOIR

A

Porosity, Permeability, Thickness, and EUR

The porosity ranges from 15 to 25 percent with permeability's ranging from 10 to 60 md and
the completed thickness for both the Upper and Middle Eagle Sands approaches 100 feet,
depending on the gas/water contact. The newer wells produce approximately 150 Mef daily
and have EUR's on the order of 400 MMcf. Older wells which were drilled at virgin pressure
had EUR’s ranging generally up to 2BCF.

Reservoir Pressure and Temperature

The lower pressure reservoir portions where the Candidate Wells are located are in the Tiger
Ridge field which is north of the Bear Paw mountains. This lower pressure section has been
extensively drilled, are is now pressure depleted (225 psi). It generally will not clean up

following the liquid-based stimulation treatments. Whereas the areas south of the Bear Paw

. mountains have significantly greater pressure, 500 psi and can be successfully stimulated with

nitrogen foam.

The reservoir pressure as measured by shut-in welthead pressures in the Candidate Wells

ranges from 175 to 297 psi in the test area:

Well S-# Pi (Psi)
T30N-R18E

S-B Ranch 02-05

Blackwood 06-09 222
Kane 05-08 175
Kane 05-05 297
Kane 04-12 204
S-B Ranch 02-11 225

And, the reservoir temperature is approximately 70 degrees F.
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Final Report — Demonstration of CO,/Sand Stimulations in Four Candidate Wells (Blaine Co, Montana) -
September 2002 — Single Stage Treatments — Ocean Energy
Contract #DE-AC21-94MC31199 "Field Testing & Optimization of CO,/Sand Fracturing Technology"

C. Gas Properties
The gas composition is made up of methane, ethane, and nitrogen. There are no sulfur gases

nor carbon dioxide present:

Component Mol pet
CoHa 96.5
C;Hy 0.5
CO; 0.0
N 3.0
Sulfur Compounds 0.0
Total 100.0

which results in a biogenic gas with a calorific value of 983 BTU per cubic foot (wet basis).

D. Sensitivity to Stimulation Liquids
'This reduced pressure, relatively* dry gas reservoir has a long history of being successfully
stimulated with conventional water-based stimulations. Unfortunately, because of the reduced
reservoir pressure, the spent stimulation liquids remain in the formation for an extended
period and thereby reduce the permeability to gas. The sensitivity of this reservoir to liquids is
a consequence of the inability of the reduced pressure to displace the stimulation liquids as

opposed to the more conventional conditions of formations reactivity such as swelling shale.

* The completion practices are to perforate the Upper Eagle and the Middle Eagle Sand
above any liquid as indicated by the electric logs. The wells do produce very slight volumes of
water which are lifted with velocity strings, and any entrained liquid is carried in the gas and
does not collect in the separators nor is there any liquid in the tanks.

IX. CO, CHARACTERISTICS

The reservoir temperature is 70°F and the pipeline pressure is 15 to 18 psi. The CO, will vaporize
under these conditions, requiring approximately 29 MM BT Us per 100 tons of liquid CO. (Figure 6).
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Final Report — Demonstration of CO,/Sand Stimulations in Four Candidate Wells (Blaine Co, Montana) -
September 2002 — Single Stage Treatments — Ocean Energy
Contract #DE-AC21-94MC31199 "Field Testing & Optimization of CO,/Sand FracturingTechnology"

' Press | Temp Density Enthalpy
Pt # Location (psig) | (F) | State (Ib/cuft) BTU/lbm
PUMPING*
1 Well head 3000 0 SL 66.7 -3900
2 Perfs (@1,400 ft) 3636 | 20** SL 64.9 -3892
NOT PUMPING
3 Perfs*** 786 20 SL 61.9 -3894
4 Formin™*** 225 -18 SL 65.4 -3906
ST/ SL>SV
Flow back SV>SHV
5 Formtn 225 70 SHV 1.90 -3761
6 Perfs 23 70 SHV 0.32 -3755
7 Well head 17 60 SHV 0.25 -3753
* Pumping through 4.50 in casing at 32 bbls per min
**  Teat gain through casing at 32 bbls per min = 278(10) BTUs (68 BTU/sqft @
LMDT = 2.6°F)
**% At the instant that the pumping is terminated -3906-(-3761) = -145 BTU/lb = -
290(10)° BTU/ton

Heat required to vaporize = -290(10)° X 91 =-26.39(10)* BTU
Temp diff = 70-20 = 50 deg F ‘
Thermal Conductivity of CO, @ 510 deg R @ 100 psi = 0.01 (Btu/hr-sq ft)/(Deg F/ft)
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Contract #DE-AC21-94MC31199 "Field Testing & Optimization of CO;;/Sand Fracturing Technology”

Based on the prediction that the liquid CO-; will, immediately following the pumping activity, quickly
diminish to approximately 786 psi, and then will further drop to the reservoir pressure of225 psi. This
pressure reduction will cause the CO, temperature to diminish from +20 F to -18 degrees F. The
state of the CO, will remain in a liquid phase and it will continue to gain heat at constant temperature
through the mixture range. The temperature will begins to increase only after all of the liquid has

vaporized.

The CO, will at that point be completely vaporized and will continue to increase in temperature until
it reaches the formation temperature of 70 degrees F. The majority of the heat will be consumed in
changing the phase from a liquid to a gas.

An inquiry was made into the freezing point of the formation water. Ocean's field operations
personnel indicated that the water is very fresh, and that it will freeze at 30 degrees F. There was
concern that the formation water would freeze. This concern was discussed with Ocean, and
calculations on the porosity, water saturation, and heat requirement resulted in Ocean relating that the

risk of formation damage from the freezing was reviewed and considered to be minimal.

X. CONVENTIONAL STIMULATION TREATMENTS

Where the reservoir pressure is sufficient to displace the spent stimulation liquids from the reservoir
as it still is south of the Bear Paw Uplift, a conventional stimulation generally utilizes a 70 to 75
quality nitrogen foam treatment with approximately 50 barrels of water and 20,000 pounds of 20/40

sand proppant.

Those treatments are pumped down 4-1/2 inch (10.50, K-55) casing at a pressure of 1,200 psi and a
clean rate of 16 to 20 barrels per minute through 30 to 50 perforations. The sand concentration
averages 4 pounds per gallon of foam. The breakdown pressure can reach 2,200 psi. No breakdown

acid is used.
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There are also a few wells in the vicinity of the Candidate Wells which have sufficient encrgy to
displace the spent stimulation liquids, but the majority had not been stimulated. One recently drilled
well has a reservoir pressure of only 125 psi, but a very strong flow rate. A decision was made to
stimulate it with an 80 quality N, foam stimulation. The strong flow rate is believed to be adequate to
reject the stimulation liquids.

Xi. IS THE PROPOSED RESERVOIR LIKELY TO BENEFIT FROM THE CO,/SAND
TECHNOLOGY?

Because the CO,/Sand stimulation utilizes CO, as the working fluid which is pumped as a liquid and
will then vaporize at formation temperature and flow from the reservoir as a gas, no liquid remains
behind and the gas can flow from the reservoir unimpeded through the artificially created and propped

fractures.

A OPERATOR

Ocean’s working interest position in these wells ranged up to 100% and averaged
approximately 62%. Additionally, they transport gas for other producing companies,
Klabzaba Oil & Gas and John Brown resulting in a total throughput of 78 MMcf per day from
740 wells. The gas is delivered to Great Lakes Transmission via various pipelines operated by
Montana Power, Trans Gas, and Trans Canada.
1. Interest in CO»/sand technology?

Ocean was interested in identifying a stimulation technique which could be used in this

liquid sensitive, low pressure reservoir.

2. Adequate test opportunity?
The proposed Candidates would enable an evaluation of the benefits of the liquid-free
CO,/sand stimulation process to be evaluated in an environment where conventional
treatments, because the low reservoir pressure (225 psi) was insufficient to expel the

spent stimulation liquids could not.
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Presently active drilling program?
Ocean had an active program and beyond that there were many existing wells which
were unstimulated.

Is there a future for successful results? Is the operator likely to continue implementing
this technology without DOE cost support?
It was strongly indicated that Ocean would continue with the process if the

production results were economically favorable.

Interest in DOE cost-supported participation?
Ocean indicated an interest in pariicipating in the cost-shared program.

Share production data for five years?
They did net comply with the written agreement to provide the post stimulation

production date for the agreed upon five year time period.

XMI. LETTER OF INTENT

A Letter of Intent which:

A.

Identified the proposed Candidate Wells, their location, the gas producing formations (Eagle

Sandstones), and their sensitivity to damage from liquid-based stimulations
Recognized Ocean as the operator
Addressed the potential benefit of the liquid-free CO,/Sand stimulations

Related that the DOE has a cost-shared demonstration project to introduce this unique
technology to U.S. operators, and
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E. That the DOE may, subject to their concurrence agree to bear one-half (1/2) of the costs of
the stimulations, including the service company charges for product (CO., proppant},

services, and mobilization.

F. Confirmed that Ocean was interested in participating in a cost-shared demonstration of the
CO,/Sand stimulation technology and was offering the Candidate Wells for consideration for
cost-shared funding under this demonstration cffort.

G. Confirms that Ocean agrees with and supports the Criteria for Success

H. Ocean agreed to make every effort to avoid "killing" these wells with water and that they
would only kill a well in the event of an environmental or safety emergency. In the event of
the need to introduce water into the well, Ocean agreed to immediately notify Petroleum
Consulting Services (PCS) prior to the treatment.

L. Ocean agreed that to enable a meaningful comparison of the technologies to be made that
these Candidate Wells will be turned in line shortly afier stimulation and will be eperated at

wellhead pressures of 20 psi or less.

L Ocean agreed to provide monthly production (gas, oil, and water) and pressure data for both
the candidate and the control wells for a period of five years following the CO»/Sand
stimulations. (They failed to comply with this requirement) The monthly production
information, including any recordings, shall be forwarded to PCS.

K. Ocean indicated an intention to enter into a 50/50 cost-shared participation of the stimulation

expenses for these Candidate Wells, subject to DOE approvals.
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L. Ocean agreed to bear the remaining expenses of these treatments and any remaining activities,
i.e., those expenses normally associated with these treatments: cement bond log, perforating,
bridge plug installation and removal (without introducing liquids if performed following the

CO,/Sand stimulations) dozers, service rigs, etc.

The Letter of Intent was executed by Ocean's Corporate Officer and is attached (Figure 7).

Figare 7—p. 1 of 7

Letter of Jntent ~ Demonstration CO-/Sand Stimulation Project - May, 2002
p-lofs

Operator: Ocean Energry, Inc (Ocean)

Candidate Well Location: Biaine County, Montana

Field: Bear Paw - Tiger Ridge Unit
Target Formation: Eagle Sandstone (Middle and Upper)
Candidate Wells: Old Wells (three will be selected from the following list of presently
producing wells):
Well S-#
T30N-R]8E
S-B Ranch 02-05
Blackwood 06-09
Kane 05-08
Kane 03-035
Kane 04-12
5-B Ranch 02-11
Background;

The wells within the Bear Paw field in Blaine County, Montana produce from 1he pressure-
depleted Eagle Sandstones, and are damaged by conventional liquid-based hydraulic fracturing
stimulations. The damage results from the inability of the reduced reservoir pressure to expel the
spent stimutation liquids following the treatmen,

The invasion of the drilling mud into the Eagle Sands during the drilling of these wells and the
inability to eHectively stimulate thera with liquid-based treatments provides an opportunity to
evaluate the effectiveness of a liquid-free stimulation process. This technique utilizes CO; as the
working fluid which, through the use of spaciatized squipment, can be pumped as a liquid and will
then vaparize at the reservoir pressure and \emperature and subsequently flow from the reservoir
as a gas leaving a liquid-free proppant pack in the hydraulically created fracture.

This unique process has the potemtial to significantly improve the gas production rates both
through the removal of the near well bore formation damage resulting from the invasion of drilling
mud, and also by hydraulically fracturing the formations and placing a liquid-free sand pack within
it.

A demonstration projeet to evaluate the benefits of the liquid CO: Sand process in three (3) of the

six (6) proposed Candidate Wells is herein described.

Objective;

To evaluate the potential benefit of a liquid-free COu/Sand hydraulic stimylation technology in
reservoirs from which the natural gas production is impaired by the liquids employed in
convenrional stimulation treatments.
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| Figure 7 —p. 2 of 7

Letter of Intent — Demonstration CO;/Sand Stimulation Project ~ May, 2002
p.2of3

Methodology:

1 : The evaluation will be conducted within a controlled seuting 1o enable an objective assessment of
o the production responses resuhing from these stimulations 1o be made. The Candidate Wells have
been completed in the target formation and have been selected on the basis of their upside
potential for production rate improvement, a commercial volume of remaining reserves, and
mechanical suitability for this demonstration (number of perforations & tubing diameter). The
proposed Candidates have sufficient background production history to provide the basis for
comparing the post-stimulation production rates following the CO;/Sand stimulations.

Statement;

Whereas, Ocean Energy (Ocean) is the operator of certain wells situated in Blaine Co, Montana
within the Tiger Ridge Unit of the Bear Paw Field. '

(. Whereas, Certain formations within this area including the Eagle Sands typically contain natural
gas which is drilled and exploited by Ocean.

b Whereas, The exploitation of the natural gas from the Eagle Sands is known to berefit from

hydraulic stimulation practices 10 increase the gas production rate and therebv enhance the
econornic benefi.

Whereas, Conventional hydraulic stimulation practices utilize water-based treatmenmts, and
because the reservoir pressure within certain areas of this field has diminished to the point where
it is insufficient to eject the spent stimulation liquids from the reservoir.

P Whereas, There is a unique "liquid-free” hydraulic stimulation technology which utilizes liquid
' Carbon Dioxide (CO;) as the working fluid, and which because of its characteristics enables a
stimulation treatment to be pumped as a liquid 10 both create hydraulic fractures and also to

i transport proppant. The CO; then subsequently changes phase from a liquid to a gas at reservoir

L conditions and the formation is then void of any liquids or other chemicals which were used in the
stimulation.

Naote: This CO,/Sand stimulation process requires a unique, specialized blender 1o mix the COs
and proppant under pressure.

Whereas, The cost of these treauments is more expensive than conventional treatmenis primarily
because of the specialized equipment required and also the cost of the CO,.

Whereas, The U.S. Department Of Eneray (DOE) has a cost-shared demonstration project to
introduce this unique technology to U.S. operators. The intention of this program is to enable the
operator 10 evaluate the benefits of this technology on its wells, providing that certain reservoir
conditions are present, and that the reporting requirements are satisfactory to both parties. 1f these
conditions exist then, the DOE may, subject to their concurrence agree 1o bear one-half (1./2) of

the costs of the stimulations, including the service company charges for product (CO,. proppant),
services, and mobilization,

Whereas, The DOE requires that in order to provide a represemative demonstration that a
minimum of three (3} of the Candidate Wells be stimulated,

Whereas, The demonstration of the COs/Sand 1echnology is provided through DOE's prime
coniracior, Petroleum Consulting Services, LLC (PCS).
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P Figure 7—p. 3 of 7

1 Lerter of Intent — Demonstration CO,/Sand Sumulation Project — May. 2002
: p.3of5

1 ‘ Whereas, Ocean is interested in participating in the cost-shared demonstration of the CO»/Sand
stitnulation technology, and is offering the Candidate Wells as described above for consideration
in the cost-shared funding under this demonstration effort.

Therefore, becausc Qcean Energy (Ocean) is the operator of the Candidate Wells, and is
interested in stimulating these wells with the CO»/Sand stimulation process does hereby agree to
the terms of this agreement, and is hereby requesting DOE support in demonstrating the liquid-
free CO,y/Sand stimulation process in these Candidate Wells.

The completion, remaining production, and some reservoir properties of the Candidate Wells have
been obtained and are summarized as:

[P ——

well Sed Perfs Upe Eagle Pt MdBagle | 2O (Jiif.’-.n Skin (th?d) m {::i) (;;] !
TI0N-RI1BE
%r ; SB Ranch 02:0% 1134-1197w/40 1220-1261w & 8D ig234s | TBD 35§ °u01 | T@D | rBD
f_ 5 Blackwood 06-09 I 44116238 136 1230w 45 TBD 9865 | +2 83 226 | 14730 222 114
Kane 05-08 1362-1402w/E 143614 T4wr 32 TBL 130648 200 ol niazd 1 94
: Kane 0355 1110-1136w/d2 TE70-1220wr 73 ™D 1483 L ~122 601 1091 | 2571 RMS
B Kane 04-12 123812 84w/T0 1316-1378w 1 12 18D 113l T8D 60} QUBs 204 TBD;
c ' S-13 Ranch Q2-11 1063-1102w/15 1164-1204w/ & l 3D i 4,536.40 -1.82 130 | 102 215 TBDJ

; _ Critgrja for Suecess
L The Criteria for success has been developed for each Candidate Well and is based on the

following assumptions:
% f 1. Capital cost for the CO»/Sand stimulation treatment: 386M
L 2. Market price: $2.50/dth - fixed
3. Calorific value: 1000 BTU/CF
: 4. Diseount rate: 25%
[ 5. Production decline rate: Varlable and driven by the
¢ production projections supplied by
Ocean.

And, which have been used to determine the following total uninterrupted and unencumbered
v minimum annual production volumes as indicated below, necessary for an economic suceess.

[30N-RIZE Yr1 Y12 Yr3 Yrd Yr 5
b Well #-8 (MMcf) (MM Ml (vMcel) MMef)

From 06/01/02 | _06/01/03 | 06/01/041 06/01/05 | 06/01/06
r { Through 05/31/03 1 05/31/04 ] ©5/31/05] 05/31/06 | 05/31407
b ‘S-BRanch | 02-05 25,199 21421 18,208 15,474 13,153
[ Blackwood | 06-09 90,383 85,593 81,057 76,761 72.692

Kane 05-08 47.626 42,501 37,927 33,845 30,203
g | Kane 05-05 33,063 244851 18,134 13,428 9.944
i | Kage | 04-12 51,348 46,873 42,7891 139,061 33.658
¢ {S-BRanch | 02-11 78,306 71,865 65,954 | 60,530 55,551
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Letter of Intent — Demonstration CO»/Sand Stimulation Project — May, 2002
p-40of5

Ocean hereby agrees that these production projections will serve as the basis for establishing the
success criteria, and if the actual production volumies from these Candidate Wells exceed these
tabulated annual production volumes, subject to adjustments for any non-producing intervals, then
Ocean agrees that the COy/Sand stimulation process will have resulted in an economic benefit.

Stimulation Yreatgnent:

The design of the stimulation treatments is to consist of approximately 120 tons of liquid carbon
dioxide (CO;) and up to 47,500 pounds of TBD size sand proppant pumped at injection rates of
approximately 50 to 60 barrels per minute, and is to consist of a single-stage treatment in each of
the three Candidate Wells,

Requirements
Ocean further agrees to comply with the following requirements

1. Because the liquid-free COy/proppant process provides a completely dry stimulation it is
imperative that liquids not be introduced into the well bore following these treatments.

Ocean agrees to make every effort to avoid "killing" these wells with water or cther liquid
substance, and agrees that any effort to kill 2 Candidate Well will only take place in the event
of an environmental or safety emergency. In the event of the need to introduce water or other
liquids into any well in which DOE participates, then Ocean will immediately notify PCS
prior to the introduction of liquids into a Candidate Well.

2. Ocean agrees that to enable a meaningful comparison of the technologies 10 be made that
these candidate wells will be turned in line shortly after stimulation and will be operated at
wellhead pressures of 20 psi or less.

3. Ocean agrees to provide monthly production (gas, oil, and water) and pressure data for both
the candidate and the control wells for a period of five (5) years following the COy/Sand
stimulations. The monthly production information, jociuding any recordings, shall be
forwarded directly 10 PCS.

4. If following the treatments any proppant is found in the casing above the lowermost
perforation, it will be removed from the well bore at Ocean's expense. No liquids will be
circulated for the clean-out uniess written approval is obtained from the DOE.

5. The production will be adjusted for any non-producing periods, should they accur

6. The COy/Sand stimulation will be considered an economic success if the above tabulated
annual production volumes are attained.

7. If there should be any additional discounts associated with these activities, then Ocean agrees
10 promptly forward one-half to PCS for return 1o the DOE.
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Ol Figure 7—p. 5 of 7

Letter of Intent — Demonstration CO,/Sand Stimulation Project — May, 2002
p. 50f5

The DOE, subject to their approval of the submitted information, which includes:

1. Letter of Intent This docurent
2. A map of the candidate wells and nearby offserting weils  Candidate wells
3. Electric logs ) Candidate wells
4, Cumulative production data Candidate wells
" 5. Monthly pipeline pressure data Candidate wells
D 6. Stimulation records tabular and strip charts : Candidate wells
o 7. Well completion reports Candidate wells
8. Description of the field activity Candidate Wells
[ 9. Schedule for treating the candidate wells TBD, 2002 TBD
| 10.  Liability Release (PCS, LLC) _ Separate Document

Ocean hereby indicates an intention to enter into a 50/50 cost-shared participation of the
stimulation expenses for these candidate wells, subject 10 DOE approvals.

Ocean agrees 10 bear the remaining expenses of these treatments and any remaining activities, i.e.,
‘o those expenses normally associated with these treatments: cement bond log, perforating, bridge
| | plug installation and removal {without introducing liquids if performed following the COy/Sand
- ‘ stimulations) dozers, service rgs, etc.

If these conditions are satisfactory, please acknowledge by signing below, and returning this

document to:
Petroleum Consulting Services, LLC
P. Q. Box 35833
Canton, Ohio 44735
(330) 499-3823  (330) 499-2280 (fax)
f Date: Signed:

/o forn m /

€6mpany Officer - Ocean Energy, Inc.
Title:_ Y./, ERearminal  MAD

Witness:
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AMMENDMENT TO LETTER OF INTENT (LOI) DATED MAY 23, 2002
DATE: July 15, 2002
p-1of2

As an outcome of discussions held on July 9, 2002 between the;

Operator: Ocean Energy, Inc (Ocean),
Contractor: PCS, and
The U.S. Department of Energy (DOE);

regarding the identification of Candidate Wells located in Blaine County, Montana (T30N-R18E),
and their stimulation with the liquid-free CO,/Sand stimulation process under the terms of the
original LOL - which addresses the provisions for a cost-shared demonstration of this technology,
the following modifications were made:

1. The number of Candidate Wells to be stimulated with and has been increased from three to
four.

2. The Candidate Wells have been specifically identified as:

Well S-#
T3ON-R18E

S-B Ranch 02-05
Blackwood 06-09
Kane 05-08
Kane 05-05

3. The S-B Ranch 02-05 has a limited number of perforations, 18 and is completed in both
the Upper and Middle Eagle Sand members. Based on the electric log response it is not
expected to produce water.

It was agreed that both the Upper and Middle Eagle Sand intervals would be stimulated
with a single-stage CO»/Sand stimulation

4. The other three Candidate Wells, Blackwood 06-09, Kane 05-08, and Kane 05-05 will be
stimulated in the Upper Eagle Sand member only.

The Upper Eagle will be isolated through the installation of a solid, impermeable plug
inside the production casing, between the Upper and Middle Eagle formations which will
prevent the stimulation treatment from passing it.

5. The steady-state production rates need to be established prior to the stimulation.
The plan is to set temporary plugs in these three Candidate Wells within a few days and to

begin the production monitoring.

6. The plugs will remain in place for a period of time sufficient to obtain a post-stimulation
steady state production rate.
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(O AMMENDMENT TO LETTER OF INTENT (LOL) DATED MAY 23, 2002
I DATE: July 15, 2002

p-20f2
N
J 7. The treatments will utilize radioactive tracers to enable the location of the hydraulically
created fracture(s) to be specifically identified providing:
o a. That the service company can demonstrate their ability to inject the radioactive

1 ; isotopes into liquid CO; at a pressure of 300 psi and at a temperature of ( degrees
: Fahrenheit prior to the treatments.
b. The hazards associated with immediate flow back of sand in the well bore
} : following a screen out can be assured as a safe procedure

8. The hurdle production rates were calculated previously, and are addressed in the original
LOL

¢ If these modifications to the original LOI are satisfactory, please acknowledge by signing below,
and returning this document to:

] Petroleum Consulting Services, LLC
v P. 0. Box 35833

Canton, Ohio 44735

(330) 499-3823  (330) 499-2280 (fax)

[P—

Date: Signed:

er - Ocean Energy, Inc.

Title:!! !"':tE\-nKninoE! Mmgg Qmmim

|
L .
. Witness: Z/ %V/j/ f'?//Z_Jo z

Page 29



r._u_“(.,.,

Final Report — Demonstration of CO,/Sand Stimulations in Four Candidate Wells (Blaine Co, Montana) -
September 2002 — Single Stage Treatments - Ocean Energy
Contract #DE-AC21-94MC31199 "Field Testing & Optimization of CO,/Sand Fracturing Technology"

XIH. TEST AREA
Discussions with Ocean were directed towards the identification of an area in which the reservoir
pressure of the Eagle Sandstone was depleted, where there was a sufficient data base of background
production information, and which would hold an appreciable basis for future activity. The result
being that a test area was identified in T30N, R18E. The accompanying map (Figure 8) indicates the
test area and the Candidate Wells.
Figure 8
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Control Wells
There were no Control Wells included in this effort because the Candidate Wells were actively
producing wells which enabled both the pre- and post-stimulation production rates to be

measured and compared.

This approach is unique to this effort because in the past the producing wells had been
previously stimulated with liquid-based treatments and the reservoir was considered to be
damaged by these stimulation liquids. Consequently, the CO,/Sand stimulations had to be
performed in new, unstimulated wells and, the existing previously stimulated wells served as

the Control Wells to which the production responses were compared.

This approach in measuring the pre- and post-stimulation response from wells which have
never been stimulated is superior to that which utilized the Control Wells because the well
specific variables of porosity, thickness, etc. are eliminated.

Candidate Wells — 6 > 4 Wells

There were six originally proposed Candidate Wells from which four were selected. They are
located within Township 30N-Range 18E (Figures 9 and 10). The wells are listed in the order
considered by Ocean to provide the greatest opportunity to demonstrate and evaluate the
effectiveness of the CO,/Sand stimulation technology, that is, the S-B Ranch 02-05 is
considered to be the most desirable for stimulation. (Ultimately Blackwood 06-09 had the
largest incremental improvement of 54.1 MMef following 22 producing months following the

stimulation).

Well StimType | Rem | Skin | Prod | Pi

THION-RISE | S-# | UprEaglePers | MidEaglePerfs | “"0E28¢ | ppRoga | (Sus,Bbls) | (@MMcD Metid) | (Psiy
SBRanch | 0205 | | MFNE0L | 12224360 (220~ | 12831250 No Neme | 484345 | TBD | 35 170
Kane 0508 | o3 1 aameao2 o | P38 | yes@iazo | Neme | 359000 | 4200 | 100 175
Kane 0505 | |t ek R 1 0 ] Yes@iiso | Nome 96700 | +129 | 60 297
Blackwood | 0609 | | o4PISS o DALLZSS ) 13021328 No None 986500 | +2.83 | 220 222
Kane 0412 | 0L ] eI ) PR ) ve@ines | nome | asoses | +674 | f00 204
SBRanch | 0241 | | MOBL38 o DSTAE 1202 No None | 853946 | -1821 180 225
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1. Electric Logs
a. The electric logs on two of the Candidate Wells are attached (Figures 11 and

12).
Figure 11 S-B Ranch 02-05
e o
4 02-05-30-18 f
5 ,Tlger Ridge Field
-~ : | KB 3599
. == L =5 . TD 1566
e e g Eagle 1094 (+2505)
- | s = - Perforation intervals
o T 4 5
‘ W% = = Upper Eagle
= B =5 1134 to 1136
T:?B'ISPF == T — A = 2= 116'ﬁ t@ ‘a163’
I a0 2 1180 to 1183’
A =0 = {494’ to 1197
HHHES SEeael | 12207 to 1227
eh o Middle Eagle
i B = . 1228 to 1227
e s _ == 1240 to 1241
=5 1260 to 1267
: § G/W n/a
= = — NetPay 137
22SEs .Avg Porosity 23.6% :‘.
‘ —EEoe Avg. SW 22.4%
' Rtave. 90Q
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2. Completion
The completion technique was to set and cement casing, generally 4-1/2 in, through
the Eagle Sands, run electric logs to determine the gas/water contact, and perforate
above it. Generally, the Upper Eagle and upper section of the Middle Eagle were
perforated. No stimulations were generally performed because the reservoir pressure
(225 psi) was insufficient to expel the spent stimulation liquids
3. Perforation Strategy
The design criteria was to limit the number of perforations to a maximum of 40.
Because of the large number of perforations in three of the Candidates, and the
associated concern regarding an insufficient transport velocity, the design included
temporarily plugging-off the lower perforations during the stimulation.
Well Total Perfs
T30N-RI8E S-# Upr Eagle Perfs Mid Eagle Perfs Lwr Eagle Perfs | PBReq'd | Add'lPerfs | During Stim
1120-1202 1222-1260 1283-1290
S-BRanch 1 02-05 | 134 1107wii2 | 1220-1261w/ 8 None No 20 40
1359-1334 1436-1502 1515-1538
Kane 0308 | (362-1380w/48 | 1388-1408w/34 None Yes@i420 | 34 18
1094-1142 1168-1233 1283-1290
Kane 0505 1 yito-113ewiaz | 1170-1220w/ 74 None Yes@1150 74 42
1142-1188 1241-1288 1302-1328
Blackwood | 06-09 1 44 1147wi20 | 1156-1162w/ 18 None No 0 38
1238-1301 1316-1383 1395-1422
Kane 012 1 p3gc128awimt | 1316-1375w/12 None Yes@1294 | 112 !
1052-1128 1157-1238 1250-1252
SBRanch | 0211 | 1068 1102w/l | 1164-1204w/ 8 None Ne 16 oo
4. Production Review and Projections

All six of the proposed Candidate Wells produce from both the Upper and Middle
Eagle Sand members. None were perforated in the Lower Eagle. Three of the
Candidate Wells contained a large number of perforations which were considered to

be too many and for the CO,/Sand process.
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This was because the proppant transport rate into the individual perforations will
insufficient to transport the proppant and will increase the likelihood ofa screen out.

The wells were rank ordered by Ocean in their recommended sequence which was

believed to provide the most benefit. This rank ordering results in the plugging of the
Lower Eagle Sand in the wells which are ranked 3, 4, and 5, which almost dictates
that at least one of the three Candidates will require plugging of the Middle Eagle and

treating the Upper sand member only.

Well Prod
T30ON-RI8E | S-# | UprEaglePerfs | Mid Eagle Perfs Lwr Eagle Perfs | PBReq'd | (Mcf/d),
svrma [wos | 0w | i
Blackwood | 06-09 | 1iz1211117§320 1 lggjll_é§i§ 18 13(1?&111228 Yes 220
Kane 05-08 132-519 3:;3?;22 13:;3-3 1%8533 26 15;;5;111238 Yes@1420 ) 100
Kanc 03-05 mlg?fi;éf/ztz 1171(;_6182-2}333 74 12?3&3290 Yes@lls0} 60
Kane 04-12 Iz:ﬁ? fzﬁéialm 131_2112_’;333112 13?15;1:22 Yes@12941 100
S-B Ranch | 02-11 1(};3512;}).}23\18/16 113517;)3&?/ 8 12?\(1};:11‘:252 No 180

In order to properly measure the production response associated with the CO,/Sand treatment, a

producing period sufficient to eliminate the production from the un stimulated interval (Middle Eagle)

was agreed to.

Ocean installed the temporary plugs immediately before the stimulation and then removed it afier 22

months following the CO,/Sand stimulation. This procedure allowed for the stimulation of only the

Upper Eagle while comparing the post-stimulation production from both the Upper and Middle
Sands.
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The production histories for the six Candidate Wells were plotted and accompanied the submitial

package to the DOE. The production rates for each well was identified, and used as an input to

determine the minimum annual post-stimulation production necessary to achieve an economic

success. The economic success calculations are attached and addressed in the CRITERIA FOR
SUCCESS section.

XIV. CO,/SAND STIMULATION TREATMENTS

A

Design
In the initial proposal various stimulation designs were prepared by Canadian Fracmaster and
presented to Ocean. The result being that the design which included the largest proppant

volume was selected.

During the two year intervening period, Canadian Fracmaster had been acquired by another
service company, and bids for the CO,/Sand stimulations were obtained from another
Canadian based service company, TriCan Well Service, Lid.

The proposed design included 44,100 pounds of 20/40 sand proppant and 685 barrels of
liquid CO; (132 tons) pumped at 47 barrels per minute — The pumped volume is 513 barreis
(99 tons) . The maximum sand concentration is 5 pounds per gallon, and the projected
welthead pressure is 1,531 psi (10,560 kPa). A copy of the proposal including the sand
schedule is attached (Figure 13).
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Figure 13 —p. 1 of 7

COZSAND STIMULATION - OCEAN ENERGY - BLAINE CO, MT 061102
i
INPUTS DELIVERY DISTANCES(Km) COST($C COST(3US)
PRODUCT SAND 441 SX 300 PER WELL $95,811 $62,422
O, 160 TONS 300
NYCO, 1.03 MCF/TON OPERATOR $39,211
{ HORSEPOWER 1770 HHP DOE $31.211
PUMP RATE 47 BPM $62,422
DISCOUNT 40 %
i N 164.8 MCF 300
T
L
CONVERSION FACTORS:  KW/HP 1.3410 sm®TON 1.2120
m/BBL  6.2905 tonne/TON 1.1025
{ Ko/Le 2.2050 Km/MI 1.6080
H smSCF  35.3100 SUS/FCAN 0.6515
(
METRIC METRIC UNIT us us UNIT
DESCRIPTION UNIT  QUANT COST{$CAN) COST($CAN) COST{SUS} UNIT QUANT COST{SUS)
STAGE #1
PUMPING KW 1319.81 12.30 16,235 10,577 HHP 1770 5.98 SUSHHP
BLENDER(SET UP) UNIT 1 2190.00 2,190 1,427 UNIT 1 1426.80 $US/UNIT
BLENDER(PUMPING) mfmin 75 210,00 1,569 1022 BPM 47 21.75 SUS/EPM
20740 AP] SPEC SAND tenne 20 380,00 7,600 4,951 8K 441 11.23 $US/SK
.- SAND DELIVERY tonne/Km 6000 095 5,700 3,714 TONMI 4111 0.90 SUS/TON/M!
| DENSIOMETER
i CONNECTION TRUCK UNIT 1 1510.00 1,510 984 UNIT 1 9B3.76 SUSANIT
t VAN UNIT 1 3880.00 3,860 2,515 UNIT 1 2514.82 SUSIUNIT
] N, PUMPING UNITS UNITS 2 2250.00 4500 2932  UNITS 2 1465.89
i M, sm® 4687 1385 6,301 4,105 MCF 165 2491
{ N, DELIVERY
O, sm* 132 635.00 83,825 54613 TONS 160 241.33 $USITON
[ PORTABLES UNITS 2 2440.00 4,880 3,179 UNITS 2 1589.68 SUS/UNIT
: TRANSPORT (SET UP) UNITS 2 62000 1,240 808  UNTS 2 403.94 $US/UNIT
i CO, DELIVERY mKm 306026 039 15,445 10063 TONML 77232 .13 SUSTONMI
TOTAL 154,855 100,889
{ WELLS TOTAL 454,555 302,668
: MILEAGE-FRAG UNIT (8)  UNIT/Km 2400 483 11,592 7,552 UNIT/MI 1.96
MILEAGE-FRAC UNIT{2)  UNM/Km 500 4.83 2,808 1,888 UNIT/MI 1.96
. TOTAL 14,490 9,440
TOTAL- 3 WELLS $479.055  $312,109
: DISCOUNT  $191622  $124,843
TOTAL-3WELLS  $287.433  $187,265
! PER WELL $95811 $62,422
I
!
{ OPERATOR 531,211
DOE 1,211
$62,422
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Figure 13 —p. 2 of 7

-— Qriginal Message —

From: Browne, Dave

To: Raymond L. Mazza

Sent: Wednesday, February 20, 2002 6:03 PM

Subject: RE: Quote for Liquid CO2 Fracs Near Havre, MT

Ray.

t.We can frac at Havre for USS 56.000 per frac, This is based on the the information you supplied Mike Tulissi

tegarding horsepower. spliing the rhileage between 3 fracs. assuming there is only one day between each frac
and we frac in April. Fll send you a program soon,

2. We are interested bidding on the Kenlucky fracs for April or May. It would be best if we could do Havre and
Kentucky in the same border crossing.

3. We will also like to bid on your other projects.

Dave Browne

--—0riginal Message-----

From: Raymond L. Mazza {mailto:0.g@worldnet.att.net]
Sent: February 20, 2002 9:50 AM

To: David ) Browne

Cc: Gary Covatch; Al Yost

Subject: Quote for Liquid CO2 Fracs Near Havre, MT

Dave,
During your absence last week, | spoke with Michael Tulissi regarding

1. An updated cost estimate for your previous proposal (10/17) for stimulating three wells near Havre, Mt
with single-stage treatments during your slack time, perhaps in April. The design would be for 20
Tonnes of 30/50 proppant, 120 short tans of CO2, and 2000 hydraulic horsepower.

2. Interest in performing liquid CO2 fracs in eastern Kentucky, near Pikeville in April. The design would be
for 20 Tonnes of 30/50 proppant, 120 short tons of CO2, and 4000 hydraulic horsepower.

3. Exploring your interests in providing fiquid CO2 stmulation treatments in the western U.S. in south west
Wyoming and northern New Mexico.

Flease let me know as soon as you can abaut the quote for Havre as the operator is awaiting my call
back.

Welcome back,

Regards,

Ray Mazza (330) 498-3823

3/22/2002
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L  Figure 13 —p. 3 of 7

( TRICAN I STIMULATION PROPOSAL

WELL SERVICE LTED.

Liquid CO2 Frac
P 20.0 tonne Sand (20/40)

| Belly River - Eagle (Gas)
Ocean Energy - Hill County

Havre Montana
Version 3 Option 1

Inject Down Casing
Approved: February 20 2002

{ _ PETROLEUM CONSULTING SERVICES
Box 35833
Canton, Ohio
44735

[ - Prepared For: Raymond Mazza

For Service Call: Red Deer (403) 346-4667

Sales Rep: Chuck Vozniak (403) 215 1982 Designed By: David Browne (403) 215 5890
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(rricanN]

Ocean Energy - Hill County Havre Montana o
Liquid CO2 Frac Completions

Option 1 Version 3

Wellhead: Wellhead Saver (Casing)
Pumping Configuration: Casing

.
|
i
!
i
¢

Casing: 114.3mm, 14.14kg/m, J-55 Burst: 30 MPa
0.0 - 480.0 m (TMD} Collapse: 23 MPa

Hole Volume: 3.87 m3

Perforations: 457.0 - 480.0 m (TMD)

Formation: Belly River - Eagle (Gas)
Frac Gradient: 20.0 kPa/m

BHST: 14°C

Calculations

Prractare = Oradient, . (20.0 kPa/m) x Depth, ., (480.0 m) = 9600 kPa

Prrtction = Oradient, . (12.0 kPa/m) x Depth ., ,.,eq (480.0 M) = 5760 kPa

Prydrastate = Gradient, oo (10.0 kPa/m) x Depth, ..., (480.0 m) = 4800 kPa
Pinjoction = Pacturs (9600 kPa) + Py (5760 kPa) - P {4800 kPa) = 10560 kPa
Power o, = Pinjecion (10560 kPa) x Rateo, (7.5 m¥min) /60 = 1320 kW

friction hydrostatic
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(rmricanN]

Ocean Energy - Hill
Liquid CO2 Frac
Qption 1 Version 3

{ County Hawre Montana

Procedures

Equipment:

Objective:
Key Notes:
Safety:

Rig Up:
Pressura:

Rata:
Spearhead:
Pad:

2C02 Storage Tanks
1C02 Transport

1320 kW Frac COZ Pumping
1Frac Van
1 Iron Truck
1Liquid CO2 Blender
2N2 Pumping Units

.To perform a CO2 Frac treatment on the Eagle (Belty River) formation,

|Be prepared to flow well back immediately following treatment.

]

Spot tanks and equipment as per recommended equipment spacing. Conduct pre-treatmert

safety meeting with alt personnel on location. Review all fire, chemical, and high pressure

hazards.

Pressure Test: 30 MPa
Maximum Pressure: 24 MPa

1.00 m? of Spearhead Acid.
20.560 m* of CO2.

Anticipated downhole rate is 7.50 m*min, at 10,560 kPa.

Proppant: 20.00 tonne of Sand (20/40}, placed with 58.53 m? of CO2.
Flush: 3.07 m® of CO2. This corresponds to an underflush volurme of 0.80 m?, and must be

recalculated on logation.

Rig up to fracture well down Casing, through a Wellhead Saver (Casing).

Shut In: Shut in well, and rig out Trican equipment. Customer will supply all flowback equipment, When
flowing well back, foltow Alberta Recommended Practices, OHS, & AEUB recommendations.

(rmican]]

Ocean Energy - Hilt County Havre Montana
Liquid CO2 Frac

Option  Version 3

Treatment Schedules

Liquid CO, Brender Treatment Schedulel
Blender Siurry Blender Clean Biender Proppant
Rate Volume Rata Volume iConcantration] Amount
{m¥ min} m¥ {m? min) {m% (kg 4 m) {tanna)
Stage Com Com Cum Fluld And Proppant
- | start} End y y
Start of Per | ALEnd of of Per { At End jStact of| End of § Per |AtEnd
Stage  |Staga| OF .. | Stags Stagel Of | Slage | Stage iSlage| Of
Stage d Slage Staga
1 Spearhead 1.00 1.0 00 {100f1.00] 1.0 o0 Speathead Acid
2Pad 7.50 200] 200 | 750 7.50 [ 20.0 | 20.0 cO2
cG2
3 Proppant 7.50 51 ] 251 | 736 7.23] 5.0 | 250 50 100 | D4 0.4 Sand (20140)
CO2
4 . 1 A . . 2 k K
Proppant 7.50 106§ 357 | 7.23| 697 [ 10.0 | 35.0 100 200 15 1.9 Sand (20i40)
[ole]
. . A . .74 | 104 X 3 X
5 Proppant T7.50 1091 46.7 | 697 | 6. 100} 4590 | 200 300 | 28 4.4 Sand (20/40)
coz
& Proppant 750 11.3] 580 |6.74 | 852 ] 100 | 550 | 300 400 | a5 7.9 Sand (2040}
CO2
7 Proppant 50 11.7 | 69.7 | 652 )6.31 {100 650 | 400 500 | 45 [ 124 Sand (2040)
CO2
8 nt 7.5 121 1.8 . .12 . 5.0 . g
Proppa ] 8 6.31 | 6. 1001 7 500 | 600 { 55 | 179 Sand {20140)
02
7. . 1 | 8. A X £ A i
9 Proppant 50 43 | 86 51218612 35 ] 785 | 600 600 21 | z00 lgand (207403
10 Fiush 7.50 31| 832 |750[750| 3.1 | 818 |C02
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Goean Energy - Hill Caunty H M . Py N
Lot 03 s nly Havre Montana Fluid And Mixing Requirements

Option 1 Version 3

HCI (15%) Volume From Program: 1.0 m?
Total HCI {15%) Volume: 1.0 ny

CO2 (Liquid) Volume From Program: 81.6 m*
Cool-down and Losses: 27.4 m?
Total CO2 {Liquid) Volume: $69.0m* Regulres: 1 CO2 Transport
2C02 Storage Tanks

N2 Volume From Pragram: 4000 sm*
Cool-gown and Losses: 800 sm*
Total N2 Volume: 4600 sm® Requires: 2 N2 Pumping Units

1 m? Spearhead Acld (15% HCI) Spearhead
Skg/m?IC-3 {Iron Control) - pre-mixed
2U/m? Al-1 {Corrosicn Inhibitor}- pre-mixed
2LU/m*$-1 (Surfactant) ~ gre-mixed

Total Products Required

2L Al-1 (Corrosion Inhibitor} 10m £O2 (Ligui
quid)

1m HCsl {15%) 5kg IC-3 (Iron Control)

4600sm? N2 (Gas) 2L 5-1 (Surfactant)

20tonne Sand (20/40)

(rrican]

Qcean Enengy - Hill County Hawe Montana Discounted Price
Ligis €02 Frac

Option 1 Version 3

Unit Price Prica
Amount Description Discount (Dl;o::nz;;d. {Diseounted)
Services And Equipment

7.5m*min|Blender {Pumping) 40.0% £135.00 /m¥%min $1.012.50

2 unit|COZ Storage Tank 40.0% $1,560,00/ unit $3,120.00

1unit} CO2 Transport (Setup) 40.0% $399.00/ unit $369.00

1320 KW |Frac CO2 Pumping (kW, 0-35.0 MPa) 40.0% 57.957kW $10494.00

1 unit| Fras Van (Selup) 40.0% $2,478.00 unit $2,478.00

1 -unit| Iron Truck {Setup) 40.0% $972.00/unil $972.00

1 unitiLiquid CO2 Blender (Setup) 40.0% $1,470.00 unit $1.470.00

2 unit N2 Purnping Unit (Setup) 40.0% $1,425.00/unit $2.850.00

Sub-total: $22,795.50

Products

2 L|Ad-t {Corrosion Inhibitor) 40.0% $16.59/L $33.18

109 m?| COZ {Liquid) 40.0% $381.00/ o $41,529.00

1m?|HCI (15%) 40.0% $372.00/m* $372.00

5kg}IC-3 (iron Control} 40.0% $7921kg $39.60

4600sm?{N2 {Gas) 40.0% $0.84/5m* $3.864.00

2L |S-1 {Surfactant} 40.0% $12.34 71 525.58

20 fonne| Sand (20/40) 40.0% $246.00 [tonine $4,918.77

Sub-total: $50,782.23

Travel And Cartage

109 m*x300 km [Cartage {Liguid CO2} 40.0% $0.25/m* km $8.240.40

20 tonnex200km |Carlage {Proppant) 40.0% $0.61 /tonna km $3,671.08
Buaitx 100 ken FFrac Unit (Travel) 40.0% $3.097 unit km $2,472.00|
2unitx 100 kN2 tinit 40.0% $3.08/unitkm $618.00
Sub-total: $15,001.48
Total Discounted Price: $88,579.21

Al quantities {includk ge) are astt d, and are subject to change d ding upon actual amounts used. Any secvice or

materiais required, but not mentioned will e at book price less discount. Any applicrable taxas (eg: GST} will be added to the invoice. Book
prices less discount are in affect for 30 days after the dale shown. Dus to the uncertalnty of enargy costs, prices may changs without
notlce.

Third Party

Cartage {Additional Chemicals)
Fluid Cartage & Healing
Wellhead Saver (Casing)
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Frac Equipment Spacing

CT RICA N_l On Location

Well Service Ltd.

50 m Radius
------ 25 m Radius
seem—e— 7 m Radius
* Ensure all unnecessary

I equipment is removed
o from operations area

Spacing exemptions may be
granted by area office staff
provided the operator
discusses its spacing needs
with the appropriate area
office before commencing
operations.

A Flarg Facility

e Space equipment as
far as possible apart at
all times.

AT

e,
~ . -
e -

==

Rig Pump &
Manifold 3

iy
i

¢ All engines, air intakes or sources of ignition
associated with fluid transfer must be at least
7 meters from open rig tank (air shut off req’d).

: » All engines not associated with fluid transfer + Diesel engines without air shutoffs
b {wellbore open) must be at least 25 meters e (Gasoline Engines

away from open rig tanks. (Section 8.148, 0il s N, or CO, Units
i and Gas Conservation Regulations) Must be positioned no closer than 25
b meters from the wellhead or tanks
v o All frac equipment must be a minimum of 25 containing flammable fluid.

meters away from open return or rig tanks if
i the tank is being used for circulating well or
' contains flammable material.

[ Sign Access road D Sign
e anger

b No Smoking free of ] g

L congestion Poisonous Gas
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Proppant Size
20/40 (USS) sand proppant was currently being utilized in the conventional treatments and

successful in the CO,/sand stimulations, and on that basis was proposed in the design

Treatment Volume
The conventional treatments were relatively small, 200 sacks. The ability to transport

proppant with liquid CO; is limited especially as the kh increases.

Efforts were to place the maximum proppant load of 44,100 pounds (for TriCan's blender).
This plan would enable a maximum proppant volume to be realized and because the normal
design trade off between the proppant volume and the damage resulting from the spent frac
liquids becomes moot when compared to CO,. The maximum benefit would be realized and
there is no sustained penalty for increasing the volume of liquid CO; - because it will vaporize

and flow from the reservoir as a gas.

A geologically similar but lower permeability formation was stimulated in Phillips County
approximately 80 miles east of the test area and no problems were experienced placing the fiull
47,500 pound proppant load (FracMaster blender) in May 1998 (Group #5).

In actuality the sand proppant placed in-zone, following the removal of sand from the
wellbore ranged from 8,500 to 24,900 lbs and averaged 16,400 lbs.

Treatment Volume Comparison — Conventional vs. CO,/Sand
Generally, the wells in the vicinity of the Candidate Wells were not stimulated because of the
low reservoir pressure. Should they have been, it would likely have been with a high quality

N; foam containing approximately 20,000 pounds of 20/40 proppant.
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XV. STIMULATION CHECKLIST

A stimulation checklist is attached (Figure 14). It summarizes the pertinent information regarding the

reservoir, stimulation treatment, production, and marketing.

Figure 14 —p. 1 of 2

PETROLEUM CONSULTING SERVICES

(330) 499-3823
(330) 499-2280 (fax)
CO)\SAND STIMULATION CHECKLIST
p. tof2 Date: __05/18/00
Formation EagleSand Operator: Occan Energy - Amoco Bldg
Geologic Era:  UpperCretaceons 1 -
County: Blaipe — Denver, CO 80202 :
State: Montang POC: Mr, Richard Myal (303) 30R-8868
Field: TieerRidee M. Ken Sigl (713) 265-6632
Basin: Sweet Grass Arch/Bear Paw Uplift Mr. David Thomas (733) 265-6631
1. Reservoir
a  Depth (ft): 1100-1600
b. Thickness (ft): 0-100
c. Porosity (%): 16-26
d. Permeability (md): (Unconfined core = 350) 10-60
e.  Pressure {psigy 150-350(N of Mtn)
f Temp(deg F): 70
g. Well Spacing (A): . .80-160
2. Production
a.  Natural
i Gas (MMcfid):
ii. Oil {BO/d): R |
b. Post-Stimulation - Current Technology
L Gas (Mcfd):
ii. O {(BO/d):
3.  Completiom: Set Through & Perforate
4. Frac Length Required {ft):
5. Frac Gradient {psi/ft): 0708
6.  Frac Type (Gel Wtr, Foam, etc) - Present Technology: — N2Foam
a  Breakdown Acid:  Nom
b.  Foam Quality: SR | 5F i
¢. Breakdown Pressure (psi): . 2200
d. Liquid Volume (bbl): : 175
e.  Sand Placed (sxs): I 1 ]
f.  Rate (bpm): 21
g. Sand Conc {ppg): 4.0
h.  Avg Treating Pressure (psi): —— 1200
i Max Treating Pressure (psi): 1250
. ISIP (psi): 800
k. Costs (3M)
i Service Company: 20
i CO,($/ton): W0
ii.,  Tanks w/ Trucking: 24
iv.  Service Rig: [
v.  Load Water Disposal: _ $1.00/BBL
vi.  Pit - Earthwork, Liner: 2.0
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PETROLEUM CONSULTING SERVICES

(330) 499-3823
(330) 499-2280 (fax)
CO,\SAND STIMULATION CHECKLIST
p.20f2 Date: 05/03/00
_ Formation:  Eagle Sand Operator: Ocean Energy

7. Load Water

a. Vol Returned (bbls) {%): (Low Pressure Area Tiger Ridge) . 10

b. Time Required (days): Lengthy

c. Vol Retained (bbls): : 90
8.  Casing - Candidate Wells

a. Dia (in): _ 4.5

b.  Weight (Ib/ft): 10.50

¢. Grade: K-55

d.  MWP (psi): (4790 psi interval yield @ 80%) 3,430
9.  Perforations - Candidate Wells

a.  Depth (ft):

b. Number: 5
10. Calorific Value (BTU/cuft): 97¢
11. Pipeline Pressure {psi): 15-18
12.  Allowable CO, cc;ncentration in sales line (%) 2 {Many Islands)
13. Gas Transporter: —..Many Islands
14. Gas Purchaser: Montana Pwr/Great Lakes

a. Purchase Price ($/dth): (Net bank @ weilhead) —1.50/Mef
15. EUR with Current Tech

a.  Gas (MMcf):

b. Ol (MBO): 0

16. NPV with Current Tech ($M):

17. Predict Required EUR for Candidate Wells ($M):

18. Predict Required NPV for Candidate Wells ($M):

19. Comments:
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Final Report — Demonstration of CO,/Sand Stimulations in Four Candidate Wells (Blaine Co, Montana) ~
September 2002 — Single Stage Treatments — Ocean Energy
Contract #DE-AC21-94MC31199 "Field Testing & Optimization of CO,/Sand Fracturing Technology”

The evaluation was conducted within a controlled setting to enable an objective assessment of the

production responses resulting from these stimulations to be made. The Candidate Wells had been

completed in the target formation and were selected on the basis of their upside potential for

production rate improvement, a commercial volume of remaining reserves, and mechanical suitability

for this demonstration (number of perforations & tubing diameter). The proposed Candidates had a

sufficient background production history to provide the basis for comparing the post-stimulation

production rates following the CO./Sand stimulations.

v A. Establishing success criteria

‘ The completion, remaining production, and some reservoir properties of the Candidate Wells

| were obtained and are summarized as:

[,

“Vell S-# | T Upr Eagle Mid Fagle Lwr Eagle PB Req'd H,O | Stim Type Rem Skin Prod Pi o

- Perfs Perfs Perfs Lvl | Sxs, Bbls MMcf Mefid | Psi | s
T30N-RISE

T 72 1120-1202 1222-1260 1283-1290

% ‘BRanch | 0205 31107wi2 | 1220126 1w 8 Nons No TBD | None 484345 | TBD| 35 170 | BD
‘~ 72 1359-1334 1436-1502 1515-1538

Kane 0508 1362.1330w22 | 1388140807 26 Nom Yes@!420 | TBD | None 359.000 | +200 | 100 1151 95

A 2 1094-1142 1168-1233 12831290

{ ane 05-05 L1101 136wz | 117003200174 Noms Yes@!150 | TBD | Nome 96700 | +129 | 60 297 | 835
i 72 1142-1188 1241-1288 1302-1328 ,
dlackwood { 06.09 144 1147w20 | 1156116207 18 Noms No TBD | None 986500 | +2.83 | 220 222 ¢ 114

a 72 1238-1301 1316-1383 3951422

P - N 1395-

| tane 04-12 1235178471 | 13162137571 12 Nomo Yes@1294 | TBD | None 460,568 | +674 | 100 204 | 107

07 1052-1128 11571238 1250-1252
{SE-BRanch 02-11 1068-1100w/16 | 1164-1204m1 8 Nons No TED | None 853946 | .182 | 180 225 | TBD

The Ciriteria for success has been developed for each Candidate Well (the calculations for

each well are included in their individual well sections) and is based on the following

assumptions:

1. An economic success required that the cost benefit associated with the production

rates resulting from the CO,/ Sand stimulations will have to exceed the pre-stimulation
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production revenues by a discounted cash flow which equals or exceeds the cost of

the treatment

Capital cost for the CO»/Sand stimulation treatment: $86,000. This was a previcus
estimate which was at the time considered to likely be greater than the actual cost. In
that event the production hurdle rates will be recalculated using the actual treatment

cost.

a Market price: ' $2.50/dth — fixed

b. Calorific value: 1000 BTU/CF

c. Discount rate: 25%

d. Production decline rate: Variable and driven by the production

projections supplied by Ocean.

The evaluation was not further burdened by
the operating expenses because they are
presently being incurred and would be the

same irrespective of the treatment.

These inputs were used to determine the following total uninterrupted and
unencumbered minimum annual production volumes as indicated below, necessary for

an economic SUcCess.

The methodology was to project the production from the historical production rates
for each well, and then to add an incremental production rate to compensate for the
cost of the treatment. The total of these two components, the projected production
rate and the incremental value to offset the stimulation cost, equals the minimum total

production rate required for an economic success.
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The individual production projections and the incremental rates necessary to provide
the discounted cash flow have been caiculated on an annual basis, for five years and

are included in the individual well sections, and are summarized:

T30N-RI18E Yrl Yr2 Yr3 Yr4 Yr5 Total
Well #-S (MMcf) (MMcf) (MMcf) (MMci) {(MMcf) {(MMcf)
From: 06/01/02 | 06/01/03 { 06/01/04 | 06/01/05 | 06/01/06 06/01/02
Through: 05/31/03 | 05/31/04 | 05/31/05 | 05/31/06 | 05/31/07 05/31/07
S-B Ranch 02-05 25,199 21,421 18,208 15,474 13,153 93,455
Blackwood 06-09 90,383 85,593 81,057 76,761 72,692 406,486
Kane 05-08 47,626 42,501 37,927 33,845 30,203 192,102
Kane 05-05 33,063 24,485 18,134 13,428 9,944 99,054
Kane 04-12 151,348 46,873 42,789 39,061 35,658 215,729
S-B Ranch 02-11 78,306 71,865 65,954 60,530 55,551 332,206

Ocean concurred that these production projections will serve as the basis for
establishing the success criteria, and if the actual production volumes from these
Candidate Wells exceed these tabulated annual production volumes, subject to
adjustments for any noil-producing intervals, then Ocean agreed that the CO,/Sand
stimulation process will have resulted in an economic benefit.

B. Conclusions
Summarizing, the CO,/Sand stimulation process were to be considered to be economically
successful if the total annual production from the proposed Candidate Wells, subject to any

corrections as mentioned above, exceeded these volumes.

XVIL PRE-TEST CONCLUSIONS
A. The Upper and Middle Eagle Sands in the Test Area were considered likely to benefit from

the CO,/Sand stimulation process because of the absence of liquids in an area known to tncur
reservoir damage from stimulation liquids, and the additional benefits of the proppant could

result in increased production rates.
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b I T

The Operator, Ocean Energy, Inc. (Ocean) was the largest gas producing company in
Montana and is the operator of record for approximately 650 producing gas wells in the
north-central area of the state, southeast of Havre.

A Canadian-based pumping service company with the ability to perform these liquid
CO,/Sand treatments, exceptional technical ability, outstanding equipment, was in reasonably
close proximity, and provided a cost-competitive bid.

Ocean could derive a significant benefit from the non-damaging CO»/Sand stimulation
treatments, and bad offered six Candidate Wells and requested participation in demonstrating
this technology under the DOE's cost-shared demonstration project.

The Candidate Wells which all produce from the Upper and Middle Eagle Sand members.

These wells are presently producing wells and the pre-stimulation production for each well
has been utilized to project required production rates to establish an economic success based
on:

I. A capital cost for the CO»/Sand stimulation treatment: $86M (which was a previous

estimate)

Market price: $2.50/dth - fixed

Calorific value: 1000 BTU/CF

Discount rate: 25%

Production decline rate: Variable and driven by the production

projections supplied by Ocean.
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G. The economically justifiable break-even production improvement ratios to substantiate the

mcrease in stimulation costs based on net gas market prices excluding royalties, taxes, etc.

are:
Req’d Prod

Well #-S |RemMMecf) | Skin | Prod Mcf/d) | Improvement Ratio
S-B Ranch 02-05 484.345 TBD 35 2.77
Blackwood 06-09 986.500 +2.83 220 1.18

Kane 05-08 359.000 +2.00 100 1.46

Kane 05-05 96.700 +12,9 60 2.34

Kane 04-12 460.568 +6.74 100 1.40

S-B Ranch 02-11 853.946 -1.82 180 1.23

H. Three of the Candidate Wells contained a large number of perforations which were considered
to be too many and for the CO,/Sand process. If any of these three wells were selected, then
the plan was to temporarily plug the lowermost perforations, which would eliminate the
Middle Eagle sand from the stimulation treatment.

L The wells were rank ordered by Ocean in their recommended sequence which is believed to
provide the most benefit. This rank ordering results in the plugging of the Lower Eagle Sand
in the wells which were ranked 3, 4, and 5, which almost dictates that at least one ofthe three
Candidates will require plugging of the Middle Eagle and treating the Upper sand member
only.

In order to properly measure the production response associated with the CO./Sand
treatment, a producing period sufficient to eliminate the production from the un stimulated

interval (Middle Eagle) was required.

Ocean's present plan was to install the temporary plug immediately before and to remove it
shortly after the CO»/Sand stimulation. This procedure will allow for the stimulation of only
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the Upper Eagle while comparing the post-stimulation production from both the Upper and
Middle Sands.

J. The costs of the stimulations were recognized to be potentially greater than bid because it was
based on performing the stimulations in April when the oilfield activity is at minimum level
because of road weight limit restrictions during the spring "break up". The bid was extended

at a discount of 40%, an earlier bid prepared last September included a discount of 31%.

If the higher discount rate was rescinded because of a post-April treatment execution, then the

three-well total cost would increase from $187,265 to $215,735 (US).

K. The treatments could be performed in July. (They were executed in late September, 2002, and

the service company honored the higher discount rate).

XVIII. DOE APPROVALS
A request for stimulating six Candidate Wells was submitted to the DOE (June, 2002). Following

some interrogatories (Figure 15) and a conference call to Ocean from a meeting being held at DOE’s

Morgantown, WV offices which resulted in four of the Candidates being selected.

Reg’d Prod
Well #-S Rem (MMcf) | Skin | Prod (Mcf/d) | Improvement Ratio
S-B Ranch 02-05 484.345 TBD 35 2.77
Kane 05-08 359.000 +2.00 100 1.46
Kane 05-05 96.700 +12.9 60 2.34
Blackwood 06-09 986.500 +2.83 220 1.18 ]

Subsequent approvals for the treatments were extended by the DOE and the four wells were

stimulated in September 2002.
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Review of Candidate Well Package No. 7B
[ Ocean Energy
| Eagle Sand, Blaine County, Montana

By: Bill Schuller

[ E’S/EG&G
. July 2, 2002

Background:

Ocean Energy is producing gas from the partially depleted Eagle Sandstone unit in
£ Township 30N, Range 18E, Blaine County, Montana. The partially depleted reservoir
[ does not have sufficient energy to recover any fluid used in well stimulation and,
‘ therefore, wells driled and completed within the partially depleted reservoir are ieft
unstimulated. Wells in the area are drilled over-pressure with drilling mud that infiltrates
and further hampers production from the untreated reservoir.

Ocean Energy has requested the use of COz/sand stimulation technology being tested by
the U.5. Department of Energy’s National Energy Technology Laboratory through a
contract with Petroleum Consulting Services, LLC of Canten, Ohio. CO,/Sand
stimulation uses liquid carbon dioxide as the proppant carrier fluid. Because the CO;
converts to a gas under normal reservoir temperatures, CO;, requires no additional
reservoir energy and is expelled from the reservoir during post-stimulation blowback,
Sand proppant is left within the newly created fractures, thus reducing near wellbore mud
damage.

[ Three wells are proposed for stimulation from six candidate wells offered by Ocean

L Energy. All six wells have been online producing gas with no reportable water
production. Production dates range from a little over a year to more than 30 years. This
CO,/Sand stimulation demonstration project is unique since the wells have previous
production histories. Previous CO»/Sand stimulation projects have been conducted on
new wells and production compared to older producing weils. The Ocean Energy project
allows for any increased post-stimulation gas production to be determined immediately.

w Review of Candidate Wells:

The six candidate wells, listed in importance for testing CO,./Sand stimulation by Ocean
i Energy are: S-B Ranch 02-05, Blackwood 06-09, Kane 05-08, Kane 05-05, Kane 04-12,
and S-B Ranch 02-11. Advantages/disadvantages of each well are reported in the
following discussion.

S-B Ranck 02-03:

Both wells $-B Ranch 02-05 and 02-11 are separated from the other four candidate wells
by several miles. Selection of either or both of these wells as part of the three test wells
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. would make a single isolated well in either the $-B Ranch area or the other area. This
{ would make it difficult to determine any abnormalities that might oceur in the single well
: area.

- The location of S-B Ranch 02-05 would suggest it is both pressure and production

’ depleted. Well S-B Ranch 02-05 currently produces 35 Mcf/d, the lowest production of
any of the proposed wells. Initial open flow was 160 Mcf/d, one-third of the second
lowest candidate well, Blackwood 06-09, which had a reported open flow of 510 Mef/d.
Reservoir pressure is 170 psi, again the lowest of the proposed wells. Addition of 20
perforations before CO»/Sand stimulation may improve production, but adds another
element to the equation as to what contributed to any enhanced production, the additional
perforations, the stimulation, or both. It is doubtful based on all these criteria that the
well would be able to meet the required 2.77 production improvement necessary to deem
the stimulation a success.

Blackwood 06-09:

i The Blackwood 06-09 well has no significant problems and is a viable candidate well.
The well has the highest current production (220 Mcf/d) and also has one of the higher
reservoir pressures (222 psi}. COy/Sand stimulation should reduce the current +2.83 skin,
thus allowing the wel to achieve the required 1.18 production improvement ratio. Since
the Kane 05-05 well in the same area is only to be stimulated in the Upper Eagle
formation, the Blackwood 06-09 well should also only be stimulated in the Upper Eagle.
| Stimulation of both the Upper and Middle Eagle adds ta the complexity of the problem of
. determining the actual stimulation benefits, especially if compared with wells not
stimulated in the Middle Eagle. If both zones are stimulated, they should be isolated and
metered separately.

Kane 05-08:

[ The Kane 05-08 well is another viable candidate well. Current design is to set a

| temporary bridge plug and stimulate both the Upper and Middle Eagle formations. Since

only 8 feet separates the bettom perforations in the Upper Eagle and top perforations in

the Middle Eagle, stimulation of only the Upper Eagle may be impossible. 1fthe final

; decision is made to only stimulate the Upper Eagle to keep it consistent with the Kane

05-05 well, a tracer should be used to determine if the stimulated fracture grew down into
the Middle Eagle formation. If both zones are stimulated, production should be isolated
and metered separately.

Kane 03-03:

. The Kane 05-05 well had the highest initial production potential (1075 Mcf/d) of all the
P candidate wells and would suggest the well should be performing better than its current
o preduction of 60 Mcf/d. This is especially true since the well also has the highest
reservoir pressure {297 psi) of all the candidate wells. A high calculated skin of +12.9
would indicate drilling fluid damage could be restricting production, making this an
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excellent candidate for CO,/Sand stimulation to reduce skin effects. The well has 42
perforations in the Upper Eagle and an additional 74 perforations in the Middle Eagle
formation. Due to the large number of perforations, a temporary bridge plug is to be set
between the formations and only the Upper Eagle formation is to be stimutated. A total
of 34 feet separate the bottom Upper Eagle perforations and top Middle Eagle
[ perforations. Any downward growth outside the stimulated formation will probably

: connect both formations, Thus this well becomes an obvious candidate for tracer testing
to determine fracture vertical extent and migration outside the stimulated formation,

[ Kane 04-12:

The Kane 04-12 well is to stimulated only in the Upper Eagle formation. Previous
(e CO4/Sand stimulation experience has indicated the total number of perforations should be
i limited to approximately 40 to reduce screen-out of the sand during stimulation, The
L Upper Eagle formation within the Kane 04-12 well has 71 perforations; nearly double the
maximum number of perforations. The large number of perforations places the well in a
high risk for sand screen-out and should be withdrawn as a candidate well.

§-B Ranch 02-11:

P ~ As with the 8-B Ranch 02-05 well, the S-B Ranch 02-11 well is separated from the other

[ j four candidate wells. Since a three well stimulation program is planned, selection of

either or both S-B Ranch wells would create a one well test area, either at the S-B Ranch

area or the Blackwood/Kane area. A calculated skin of —1.82 indicates drilling mud is

not damaging this well and in fact, the well may have encountered a natural fracture. .

v Additional stimulation could further reduce the skin effect, but may not show a
significant increase in production to offset the stimulation costs.

Recommendations:

The following recommendations are made based on the previous discussions of each
candidate well:

e Preferred wells for testing CO»/Sand stimulation are:

L - Blackwood 06-09
L - Kane 05-08
- Kane 05-05

¢ The Blackwood 06-09 and Kane 05-08 wells should only be stimulated in the
Upper Eagle formation to be consistent with the Kane 05-05 well. If both
] formations are stimulated, the zones should be isolated and metered
. : separately. Zonal isolation and metering should also be conducted in the
. Kane 05-05 well for consistent interpretation of results.
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® Tracer testing should be conducted in the Kane 05-05 well to determine if the
stimulation broke into the underlying, unstimulated Middle Eagle formation.
Tracer testing should not be undertaken until at least the second well to

determine if the CO»/Sand stimulation can actually be conducted on the Eagle
formation. .

XIX. FIELD ACTIVITIES

A.

Preparations

The wells were perforated where needed (where there were too few) during the week prior to

the treatments, CO, was procured, and the service company mobilization from Red Deer,

Alberta initiated. Four portable CO, storage trailers (80 tons cach) which provided the

storage capacity for two stimulation treatments were mobilized.

Stimulations

1.

Candidate Well # 1 — S-B Ranch 02-05 (25-041-22955)
The well was perforated with 30 holes over a 136 foot interval from 1,125 to 1,261
feet.

The pressurized blender was transported to the well site on the day of the treatment,
September 15, 2002 and filled with 20/40 sand. The treatment was then executed at a
breakdown pressure of 1,820 psi at the perforations, 10,300 Ibs of proppant and 432
bbls (83 Tons) of CO, were pumped at an average rate and pressure of 37.8 barrels
per minute and 2,318 psi respectively. The maximum sand concentration was 2.4 Ibs
per gal, and averaged 1.2, the maximum rates and pressures were 39.6 Bpmand 3,115

psi respectively (Figure 16).

The treatment screened out at a sand concentration of 2.4 ppg with 1,800 Ibs of

proppant in the wellbore leaving 8,500 Ibs of proppant in-zone.
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(rricaAaN] Post Frac Summary

WELL SERVICE LTD.

OCEAN ENERGY
S-B Ranch 2-5-30-18
Eagle (Gas) 345.7m -384.4 m

LIQUID C02 FRAC Pumped On Sep 15, 2002

Pumping Configuration: Casing
Average Treatment Rate: 6.20 m¥min
Average Treatment Pressure: 16,000 kPa
ISIP: 2,000 kPa
15 min SIP: N/A
Max DH Proppant Concentration: 290 kg/m?®
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(TrIicAN] Treatment Data Charts

WELL SERVICE LTD.

: OCEAN ENERGY -
U Eagle {(Gas) 2-5-30-18 3457 m-3844m
LIQUID C02 FRAC, Down Casing Sepiember 15, 2002
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(rricaAN] Net Pressure Chart
WELL SERVICE LTD. (Based On 3,000 kPa Cilosure)
OCEAN ENERGY

Eagle (Gas} 2-5-30-18 3457 m - 3844 m
UQUID C02 FRAC, Down Casing  September 15, 2002
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Candidate Well #2 - Kane 05-08 (25-041-22279)
The Kane 05-08 was perforated with 48 holes over a 46 foot interval from 1,362 to

1,408 feet.

The pressurized blender was transported to the well site on the day of the treatment,
September 17, 2002 and filled with 20/40 sand. The treatment was then executed at a
breakdown pressure of 2,900 psi at the perforations, 27,300 Ibs of proppant and 835
bbls (161 Tons) of CO, were pumped at an average rate and pressure of 31.0 barrels
per minute and 3,032 psi respectively. The maximum sand concentration was 2.3 lbs
per gal, and averaged 1.0, the maximum rates and pressures were 32.5 Bpm and 3,147

psi respectively (Figure 17).

The instantaneous shut in pressure was 686 psi which results in a gradient of 0.5
psi/ft. The stimulation pressure-rate history plot is included. The in zZone proppant

volume was estimated 24,900 pounds.
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(rricaN] Post Frac Summary

WELL SERVICE LTD.

OCEAN ENERGY
Kane  5-8-30-18
Eagle (Gas) 415.24 m - 429.26 m

LIQUID CO2 FRAC Pumped On Sep 17, 2002

Pumping Configuration: Casing
Average Treatment Rate: 4.83 m?/min
Average Treatment Pressure: 21,200 kPa
I1SIP: 4,800 kPa
15 min SIP: 3,100 kPa
Max DH Proppant Concentration: 370 kg/m®
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Treatment Data Charts

WELL SERVICE LTD.

OCEAN ENERGY
Eagle (Gas)

5-8-30-18 415.2d m -429.26 m

LIQUID CO2 FRAC, Down Casing September 17, 2002
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(rTricaAN]

WELL SERVICE LTD.

OCEAN ENERGY
Eagle {Gas) 5-8-30-18 415.24 m - 429.26 m
LIQUID CO2 FRAC, Down Casing  September 17, 2002
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Candidate Well #3 - Kane 05-05 (25-041-22557)
The Kane 05-05 was perforated with 42 holes over a 26 foot interval from 1,110 to
1,136 feet. '

The pressurized blender was transported to the well site on the day of the treatment,
September 18, 2002 and filled with 20/40 sand. The treatment was then executed at a
breakdown pressure of 2,385 psi at the perforations, 23,800 Ibs of proppant and 815
bbls (157 Tons) of CO, were pumped at an average rate and pressure of 46.0 barrels
per minute and 2,581 psi respectively. The maximum sand concentration was 2.4 Ibs
per gal, and averaged 0.9, the maximum rates and pressures were 50.3 Bpm and 3,495

psi respectively (Figure 18).

The stimulation pressure-rate history plot is included. The in zone proppant volume

was estimated 21,800 pounds.
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(TricaAN] Post Frac Summary

WELL SERVICE LTD.

OCEAN ENERGY
Kane 5-530-18
Eagle (Gas) 338.4m -346.3 m

Liquid CO2 Frac Pumped On Sep 18, 2002

Pumping Configuration: Casing
Average Treatment Rate: 7.29 m¥min
Average Treatment Pressure: 17,900 kPa
ISIP: N/A Screened Out
15 min SIP: 2000 kPa
Max DH Proppant Concentration: 290 kg/m?
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Figure 18 — p. 3 of 4
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Figure 18 - p. 4 of 4

(rrRicaAaN] Net Pressure Chart
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4. Candidate Well #4 — Blackwood 06-09 (25-041-22161)
The Blackwood 06-09 was perforated with 30 holes over a 18 foot mterval from
i,144 to 1,162 feet.

The pressurized blender was transported to the well site on the day of the treatmént,
Séptember 19, 2002 and filled with 20/40 sand. The treatment was then executed at a
breakdown pressure of 3,570 psi at the perforations, 10,600 Ibs of proppant and 633
bbls (122 Tons) of CO, were pumped at an average rate and pressure of 20.0 barrels
per minute and 3,321 psi respectively. The maximum sand concentration was 1.3 Ibs
per gal, and averaged 0.6, the maximum rates and pressures were 28.0 Bpm and 3,408

psi respectively (Figure 19).
The instantaneous shut in pressure was 1,290 psi which results in a gradient of 1.1

psi/ft. The stimulation pressure-rate history plot is included. The in zone proppant

volume was estimated 10,400 pounds.
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Figure 19 —p. 1 of 4

(TricAN] Post Frac Summary

WELL SERVICE LTD.

OCEAN ENERGY
Blackwoods 6-9-30-18
Eagle (Gas) 348.8 m - 355.2 m

Liquid CO2 Frac Pumped On Sep 19, 2002

Pumping Configuration: Casing
Average Treatment Rate: 3.00 m¥min
Average Treatment Pressure: 22,900 kPa
iSIP: 8,900 kPa
5 min SIP: 2,700 kPa
Max DH Proppant Concentration: 150 kg/m®
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Figure 19 —p. 3 of 4
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Figure 19 —p. 4 of 4

(rricaN] Net Pressure Chart
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5. Stimulation Summary

The stimulation specifics of the four Candidate Wells are summarized:

CO; Sand (Ibs) Max Tr | Avg Rate Sand Conc
Well #-8 | Bbls | Pumped In-Zone Psi BPM Max Avg
S-B Ranch | 02-05 | 432 10,300 8,500 3,115 37.8 24 1.2
Kane 05-08 | 835 27,300 24,900 3,147 31.0 2.3 1.0
Kane 05-05 { 815 23,800 21,800 3,495 46.0 24 0.9
Blackwood | 06-09 | 633 10,600 10,400 3,408 20.0 1.3 0.6
C. Post Stimulation
1. - Flow Back Procedures

The flow back procedure was imtiated immediately following the removal of the
stimulation hardware. The flow was restricted with a choke to enable the CO, vapor
to flow safely. The choke size was increased as the pressure diminished and the CO,
concentration was monitored. Some sand was produced as was expected because of

the intentional under flush.

2. Cleaning Frac Sand from the Well Bore
Air was circulated through coiled tubing which was run to the temporary bridge
plugs, or in the case of the S-B Ranch 02-05 to the total depth to circulate any sand

from the well. In actuality very little was found.
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XX. RESULTS

A

Production Comparisons

Candidate Well # 1 — S-B Ranch (25-005-22955)
The post-stimulation production through July, 2004 was 28.5 MMcf, and the

1.

Cum Prod (MMcf), Prod (Mcf/D)

projected volume based on the pre-stimulation production was 14.7 MM(cf, therefore

an increase in production volume of 13.8 MMcfhas resulted from the liquid-free CO,

/Sand stimulation.
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2. Candidate Well # 2 — Kane 05-08 (25-005-22279)
The Kane 05-08 had a bridge plug installed between the Middle and Upper Eagle
Sand members durihg the week of August 26, 2002, was stimulated with the liguid-
free CO2/Sand process on September 17". The well produced for approximately six
months prior to removing the bridge plug on March 24, 2003. When the plug was
removed, the production increased from approximately 55 to 150 MCFD confirming
that the Upper and Middle Eagle sands were isolated from each other during the

sttmulation and tests.

The production rates were measured both before (94 MCFD) and afier (28 MCFD)
the plug was set and the incremental production attributable to the stimulation was

recorded for both scenarios.

The post-stimulation production through July, 2004 was 46.4 MMcf. The projected
volume based on the pre-stimulation production and adjusted for the non-productive
periods was 39.6 MMcf, therefore an increase in production volume of 6.8 MMcf has

resulted from the hiquid-free CO, /Sand stimulation.

There was an additional volume produced from the Upper Eagle following the
stimulation and prior to the removal of the Bridge Plug, but it has been excluded to
facilitate an objective comparison with the production from both zones prior to the

installation of the Bridge Plug.
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Cum Prod (MMcf), Prod (Mcf/D)
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3. Candidate Well # 3 — Kane 05-05 (25-005-22557)
The Kane 05-05 had a bridge plug installed between the Middle and Upper Eagle
Sand members during the week of August 26, 2002, was stimulated with the liquid-
free CO,/Sand process on September 18™. The well produced for approximately six
months prior to removing the bridge plug on March 24, 2003, and when the plug was
removed, the production increased from approximately 25 to 75 MCFD establishing
that the Upper and Middle Eagle sands were isolated from each other during the

stimulation and tests.

The post-stimulation production through July, 2004 was 21.5 MMcf, and the
projected volume based on the pre-stimulation production was 18.4 MMcf, therefore
an increase in production volume of 3.1 MMcf has resulted from the liquid-free CO,

/Sand stimulation.

There was an additional volume produced from the Upper Eagle following the
stimulation and prior to the removal of the Bridge Plug, but it has been excluded to
facilitate an objective comparison with the production from both zones prior to the

installation of the Bridge Plug.
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4. Candidate Well # 4 - Blackwood 06-09 (25-005-22161)
The Blackwood 06-09 had a bridge plug installed between the Middle and Upper
Eagle Sand members during the week of August 26, 2002, was stimulated with the
liquid-free CO,/Sand process on September 19". The well produced for
approximately six months prior to removing the bridge plug on March 24, 2003.
When the plug was removed, the production increased from approximately 190 to 370
MCFD establishing that the Upper and Middle Eagle sands were isolated from each

other during the stimulation and tests.

The post-stimulation production following the removal of the Bridge plug through
Tuly, 2004 was 146.8 MMcf, and the projected volume based on the pre-stimulation
production was 92.7 MMcf, therefore an increase in production volume of 54.1

MMcf has resulted from the liquid-free CO, /Sand stimulation.

There was an additional volume produced from the Upper Eagle following the
stimulation and prior to the removal of the Bridge Plug, but it has been excluded to
facilitate an objective comparison with the production from both zones prior to the

installation of the Bridge Plug.
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B.

Cum Prod (MMcf), Prod (McfiD)

Production Summary — Candidate Wells

1.
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Production Comparisons — Pre and Post Stimulation

a. Pre-Stimulation

The pre-stimulation production from the four Candidate Wells was

extrapolated to project the future production, and these projections served as

the basis to which the production following the stimulations was compared.

The projected post-stimulation volumes ranged from 14.7 to 92.7 MMcf and
averaged 41.4 MMcf through July, 2004.
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Cum Prod (MMcf), Prod {Mcf/D)

b. Post-Stimulation
Because Ocean failed to provide the production data as per contract, the
production data was obtained from public data sources (through July, 2004).
The public data is reported on a monthly basis and does not include the
number of producing days and therefore the production comparisons do not
take into account any non-production times which results in the incremental
improvements being reduced. There were known instances of non-producing
periods exceeding two weeks in one of the wells and also other non-producing

time mxtervals for all four Candidates as well.

The post-stimulation volumes for an unknown of producing days ranged from

21.5 to 146.8 MMcf and averaged 60.8 MMcf through July, 2004.

Post-Stim Production
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C. Incremental Production Improvement
The incremental production improvements irrespective of the unknown
number of producing days mentioned above ranged from 3.1 to 54.1 MMcf
L and averaged 19.5 MMcf through July, 2004.

Post-Stim Production
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DO Avg Actual (60.8MMcf) @ Avg Projected (41.3MMcf) @ Incremental Improvement (13.5MMcf)
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Through July 2004
. Twp/Rge T30N/RISE | T30N/RI8E | T30N/RISE | T30N/RI8E | Totals
Co/St Blaine/Mt Blaine/Mt Blaine/Mt Blaine/Mt
- Field Tiger Ridge | Tiger Ridge | Tiger Ridge | Tiger Ridge
| API Number (25-005-xxxxx) 22955 22279 22557 22161
Surface S-B Ranch Kane Kane Blackwood
Sec-# 02-05 05-08 05-05 06-09
. Subsequent to Bridge Plug Removal*
. | Actual Post-stim Cum (MMcf) 28.5 46.4 21.5 146.8 243.2
! Proj Cum (based on pre-stim prod) MMcf) 14.7 39.6 18.4 92.7 1654
" | Incremental Prod Increase (MMcf) 13.8 6.8 3.1 54.1 77.8

|

v

XXI. COSTS
A. Projected

The stimulation costs were bid in February, 2002 and included a significant discount —

providing that the treatments were executed in April, during the reduced activity period

during the spring "break up" — a copy is attached (Figure 20).

Blender, 1770 HHP (1 Quint), manifold and iron truck:
44,100 pounds frac sand (20/40), 685 bbls CO, (132 tons),
delivery (186 miles), and computer control center and report:

3 Wells;
Mobilization:

Presuming that no standby charges are incurred, then the charge

for stimulating the three Candidate Wells would be:

Or per well:

The cost-sharing would result in the following per-well allocations:

Ocean $31,211
DOE $31.210
Total $62,421
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Figure 20 —p. 1 of 8

(T R1 CA Nj ST|MLJ(iAT|0N PROPQOSAL

WELL SERVICE LTD.

g Liquid CO2 Frac
20.0 tonne Sand (20/40)
Belly River - Eagle (Gas)
- Ocean Energy - Hill County = Havre Montana

R Version 1 Option 1 -
P Inject Down Casing
Approved: Seplember 27 2001

L PETROLEUM CONSULTING SERVICES
Box 356833

: Canton, Ohio

I 44735

[ Prepared For: Raymond Mazza

For Service Call: Red Deer (403) 3454667

Sales Rep: Chuck Vozmiak {403) 215 1982 Designed By: Michael Tulissi {403) 215 2995
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(rricaN] -

Ocean Energy - Hill County Havre Montana
Liquid CO2 Frac
Opton 1 Version 1

Completions

’f{.&_‘,v G, oib/k
Casing: 114.3mm, 14,14kg/m, J-55
0.0 - 480.0 m {TMD)
5 £

Waelthead: Casing Saver
Pumping Configuration; Casing

Burst: 30 MPa e/ a3/
Collapse: 23 MPa 355, 53,

Hola Voluma: 3.87m3 /367G« A7 = 24z aav

Perforations: 457.0 - 480.0 m (TMD}
I3t 2857

Farmation: Belly River - Eagle (Gas)

Frac Gradient: 220kPaim ! . e.57F5 7
BHST: 14 °C B
LT E
Calculations Vs [
Practure = Gradient;,, ., (22.0 kPalm) x DeP™, oy, (480.0 M) = 10560 kPa « El&ﬂ g ’;':;j:
Pricsion = Gradient,. . . (12.0 kPa/m) x Depth .. (480.0 m} = 5760 kPa
Prydrosianc = Cradient,, arostas | (10.C kPa/m) x Depth_,.., {480.0 m) = 4800 kPa by
gy
Pinjection = Pirscrurs (10560 kpa}" Pricson (5760 kP2) - P 20, (4800 kPa) = 11520 kPa /47>

Powor'coz ineencn {1 1520 kPa) X Ra!ecoz (7.5 .'n fmin} 7 60 = 1440 KW

T 530 -":F
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TRICANMN

Gcean Energy - Hifl County Havre Moriana Procedures
Liquid CO2 Frac
Cplian 1 Varsion 1

Equipment:  2CO02 Storage Tanks
2502 Transports
1440 KW Frac CO2 Pumping
[ 1Frac Van
1lron Truck
1Liquid CO2 Blender
22 Pumping Units
Oblective: To perform a CQO2 Frac Irgatment on the Eagle (Belly River) farrmalion.
i Key Notes: [Be prepared to flow well back immedialaly following treatment. |
: Safety: Spotlanks and equipment as per recommended equipment spacing. Conduct pre-lreatment
L : safety meeting wilh all personnel on location. Review all fire, chemical, and high pressure
hazards.
. Rig Up: Rig up to fracture well down Casing. through a Casing Saver.
Lo Pressure: Prassura Tast: 30 MPa = o.nAr = /357 4o
P Maximum Pressure: 24 MPa = 3vde
i Rate: Anticigated downhole rate is 7.50 m¥min. at 11,520 kPa, = ‘e7eds:
Spearhead: 1.00 m? of Speathead Acid, x ¢ 27eys &:27e8 Falx s = abagid

. fze = s7  =vTLL T = Bewbas
Pad: 50, m’ofcoz x Iz e, S

Proppant: 20’00 tonne of Sand (20/40). placed with 51.70 m® of CO2, -
Flush: 3.07 m’ of CO2. This corresponds to an underflush volume of 0. 80 m3, and must be
recalculated on location.
L. Shut In: Shut in well, and rig cut Trican equipment. Customer will supply all flowback equipment, When
Vo flowing wall back, folilow Alberta Recommended Practices, OHS, & AEUB recommendations.

e

I
i Orean Energy - Hill Courty Hevre Mentana Fluid And MiXing Requlrements
[ Liauid CO2 Fras

Cptian 1 Version 1

I HCI {§5%) Volume From Program: 1.0 m3
! Additianal Fluid Voturme: 0.0 m®
v Total HEI [15%) Volume: 1.0m°  2& ¥ =+

2L EF AN 4 2T
€02 {Liguid) Voiurne From Program: 104.77 m3 Cizees ‘:7 ; R~
Cool-down and Losses: _21.23m? ~Faa /3‘3:-
q r-1
Total CO2 {Liquld) Volume: 132.0 m* Requires: 2 CO2 Transporis

2 CO2 Storage Tanks

ER A ¥ <r F

N2 Volume From Program: 4003 sm3 « 5.3+ _“ ”6

Cool-down and Losses: 600 sm* sm?
Total N2 Volurna: 4600 sm® Requires: 2 N2’ Pumn‘ﬂg Units

1m? Spearhead Acid (15% HCI) Spearhead
5 kg/m® IC-3 {lron Controt) - pre-mixed

2 Lim? Al-1 (Corrosion Inhibitor) - pre-mixed
2 Um? S-1 (Surdactant)- pre-mixed

Total Products Required

21 AR1 {Comosion Inhibitar)
1 HCL{15%)

4600 sm* N2 (Gas}
20tonne Sand {20/40)
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Ocean Energy - Hill County Havre Mantana Treatment Schedules
- Liquid CO2 Frac

Option 1 Version 1

Liguid CO, Blender Treatment Schadule1

Blgnder Slumry Blender Clean Blender Proppant
' Rate Volume Rate Volume [Concentratlon| Amount
{m3 min) (m3 (m¥ min) {m?) {ig I m>} {tonne)
Stage Comn Cum g Sum Fiuid And Proppant
b Start} End ' .
i Start of Per |AtEnd of of | 7er |At&nd Startof| End of| Per Al End
Lo Stage |Stagef Of Stage|Stace Stage| Of | Stage | Stage |[Stage| Of
Stage 9 g Stage Stage
1 Spearhead 10063 | 108 00 {100]|100] 10 | o0 Spearhead Acid
; 2Pad 150 415] 30 |"500 | 750 7.50 | 500 | 50.0 coz
v g 0 . T ilcoz [
3p 7. A . ‘ . X ) = . .
roppant 50 3 531 | 736 7.23] 3.0} 53.0 9 i00 | 02 0.2 Sand (20/40)
‘ ) 3 w1Coz2 &
5 4 1. €3 | 594 [723]687 | 60 | 50, 9t
Proppant 50 3| 594 |723{697 | 60 | 520 | 165} 200 09 | 11 Sand (20/40)
[ 1.5 i stTlcoz 3
5 7. . . 971674 6 &5. : .
Proppant 50 6E€ | €60 | 697674 | 60| 550 | 200 § 300 | 15| 26 Sand (20/40)
bt 7350 26 |[C02 14
! 8 7. 10 ; T4 1 6. . ; 4 : .
| Proppant 50 §3| 762 |67 65290 740 | 300 oo | 32| s8 Sand (2040)
( ! 3% o sk
7P 7.50 4, . . A ; . \ .
roppant fio| 902 { 552631 | 120} 850 | 400 | 500 | 54 | 115 Sand (20140 _
ge.! L v 1c02 23
: 8 Proppant 755 145 | 104.7 | 6.31 | 6.12 [ 120} 98.0 ‘gco 800 { 66 17)% Sand (20/40)
| 389 5.1 Sl ooz 106
- 9P 7. 4 109. A . . . : .
roppant 50 ..5.f 093612 (612| 3.7 {1 101.7 | 8GO 600 | 22 | 200 Sand (20140
: 10 Flush 7.50 3111230750750 31| 1048 co2

LA
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(rricaN]
Cicean Energy - Hill County Havre Montana ; Discounted Price
L:guid CO2 Frac .
Qplion 1 Version 1
Unit Price Price
-
Amount Description Discount (Dixrc:aut:)ad. (Discounted) |, ”, U L_
Services And Equipment . I
C 2unitfCO2 Storage Tank 25.0% $1,830.00/unit] $3.660.00] =23
- . 2 unit|CO2 Transport {Setup) 25.0% $465.00/ unit 85930004 S7»
[ o744 1440 KW|Frac CO2 Pumping (kW, 0-35.0 MPa) 25.0% $9.23/xW| $13.284.001 /628"
1 unit|Frac Van (Setup) ) 25.0% $2,895.00/unitf §2.89500f B¢+
1 unitjiron Truck (Setup) 250% $1,132.50/unit}  $1,132.50 724
1 unit|Liquid CO2 Blender {Setup) 25.0% $1.642.50/unit| $1.642.50{ /ove
: 2unit|N2 Pumping Unit (Setup) 25.0% $1,687.50/unit] $3375.00{ =z/5¢
473 #2175 m¥min| Blerder {Pumping) 25.0% $157.50/m¥min|  $1.181.25| vso
Subdolal: $28,100.25| "2, 2.,
Products —
2L|Al-1 (Comosion Inhibiter) _ . 25.0% $19.38/L 538.78]
1eoT @30 1 132a°CO2 (Liquid) B bl S S . 25.0% $565.50/m¥| S74,846.00| 35,4657
Pl 1mMHCE (15%) 25.0% $435.00/m? $435.00 :
5kgliC-3 {lren Control) 250% §9.268/kg $46.31
teapmer 4500 smPN2 (Gas) 28.69 F12F 25.0% $1.01/sm? 34.657.50” /3%
T 21}5-1 {Surfactant) o 250% $15.00/71 $30.00
4400 201tonne|Sand (20/40) /25y fane 25.0% $285.00 Hormel  $5.898.58] 363~
Sublotah: $85.552.18] oo (19
Travel And Cartage — - e
20tonnex300 kmiCartage (Proppant) (¥ ¥./eo ] Be.f sy TH | 25.0% S0.71/tonnekm| 84.27500] 2723
/47 132m3x300km|Cartage (Liquid CO2) Foeus 'Y i/ ) 25.0% $0.29/mPkm| $11.583.00| 5533
8 unitx 300 km|Frac Unit {Travet) 1086 fun 25.0% |1o9 83,62 /unitkm]  $8.694.00] ss32
2unitx300 km{N2 Unit (Travel) 25.0% §3.62/unitkmj $2,173.50| ‘2294
1 unitx 300 xrn | Acid Unit (Traval) 25.0% $3.62/unitkm| $1.086.75] -
: Sub-tota); $27,812.25

Total Discountad Price: $141,464.66
All quantities (including mileage) are #stimated, and are subject to change dapending upon actual amounts used. Any servica or
matariats required. but not mentioned will ba at book price less discount. Ay appicable taxes {eg: GST) will be addad 1o the invoice. Book
prices 'ass discount are in effact Yor 30 days after the date shown. Dus ta the uncartainty of anergy costs, prices may change without
notice. :

v Third Party

Weithead Saver (Casing)
Fluid Cartage & Heating
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TRICAN o £

Ocean Energy - Hill County Havre Martana

Discounted Price
Liguid CO2 Frag

Opfien 1 Version 1

PE———

Ao Unit Price Prica
unt Description Dizcount (Dtmux;d. (Discountad)
Services And Equipment
2unit{ CO2 Storage Tank 25.0% $1.830.007und]  $3.660.00
2unit|CO2 Transpart {Setup) 25.0% $465.00/ urnit §930.00
1440kW|Frac CO2 Pumping {kW, 0-35.0 MPa}) 25.0% 59.23/kW| $13.284.00
1 unit}Frac Van {Setup) . 250% $2,895.00/unit|  $2,805.00
1 unit]iran Truek {Setup) 25.0% $1,132.50/unit]  $1,132.50
1unit|Liquid CO2 Blender (Setup) 25.0% $1,642.50/unit| §1.642.50
2unit[N2 Pumping Unit (Setup) 25.0% $1,687.50/unit] $3,375.00
7.5 m¥%min| Blender {Pumping) 25.0% $157.50/ m¥min} $1,181.25
Sub-tolal: $28,100,25
Products i
2L|Al-1 {Cormmesian inhibitor) 260% $19,39/L $28.78
132m*|CO2 {Liquid) . 25.0% 5365.50/m'f $74,646.00
1m*HCL{15%) 25.0% |- $435.00/ 5435.00
5kg|[1C-3 {Iron Centrol) 25.0% $9.26/kg $46.31
4600 sm?|N2 (Gas) 25.0% $1.01/sm|  $4,657.50
21]5-1 (Surfactant) 25.0% $15.00/L $30.00
20 ipang|Sand {20/40) 25.0% $205.00/tore]|  $5.598.58
Subdotal: $85,552.16
Travel And Carfage
20 tannex 300 km|{Cartage (Proppant) 25.0% 50.71/tonnekm| $4.275.00
132 m?x 300 km| Cartage (Liquid CO2) 25.0% 30.29/m km; $11.583.00
8 unitx300 km{Frac Unit {Travel) 25.0% $3.627unitkm|  $8.604.00
2unilx300 km [N2 Unit Travel) 25.0% $3.627unitkm|  $2.173.50
1 unitx 300 km [ Acid Unit (Travel) 25.0% $3.62/unitkm|  §1.0865.75
Sub-otal: $27,812.2§
All Hi Total Discounted Price: $141,464.66

Gu 1 g mileage) are and are subject to changs depanding upon actual amounts vyed, Any senice or
materials raguirad, byt nok mantioned wil ba at bagk prics less discount. Any appicabie 1axes {eg: G5T) will be added 10 1he invoice. Boak
prices 'ass discount are in efect for 30 days after the date shown. Due to the uncartainty of enargy costs, pricas may change without

notlce.
Third Party
Walthead Saver {Casing) .
Fluid Canage & Heating

e ,
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Ocean Energy - Hill County Havra Montana Treatment Schedules
Liquid CO2 Frac

OQption 1 Vession 1

Liquid COQ. Blender Treatmant Schedulel

Blender Slurry Blender Clean Blender Proppant
Rale Yolume Rata Volume |Concentration| Amount
3 min, md) M3 men ) {if .'m’) {tonne)
Stage iormml (¢ é ! )b 9 = Fluid And Proppant
um. [t | 2nd Cum. um.
Stant ol Per [At Ead of | of | 7% {AEnd|StartoflEnd of | Per AtEsd
Stage  [Sugej Of |. < Staga| Of | Stage | Stage |Stage! OF
Stage [099°]°%9° Stage Stage
1 Spearhead 1.00 1.0 | 00 100180 1.0 co Spearhead Acd
2Pad 7.50 5001 5048 | 7507503500 500 (CO2
co2
3 Proppant 7.50 3vys53 |736]|ra3f3o)s30 | so | 100 |o2) o2 sand t20/40)
co2
+ Proppant 7.50 63 1 594 | 723 |697] 60 | 59.0 1c0 299 .9 1.1 ]SandtZOMO)
CO2
5 Proppent 1.50 56 | 66.0 | 697 |6.74] 60 | 850G 200 300 15 2.8 |5!l'lﬂ 1201403
[Co2
& Proppant 7.50 102 76.2 | 674|652 6.0 | 740 3co 400 | 32 58 Sand (20/40)
Oz
7 Prappant 7.50 t40| 902 [ 8324631120 860 400 500 | 54 ] 112 Sand (20040
. Co2
8 Proppant 750 £4.51 1047 §53116.12{120] 980 | s00 | a00 | 65 | 178 Sand (20041
- (CO2
S Proppant 7.30 45 |03 feaztasz| 3.7 | 1017 | 850 &0 | 22| 200 Sand {20/40)
10 Flush 7.50 31 |1m2alrsoivso] a1 |10ee coz

Page 95




Final Report — Demonstration of CO,/Sand Stimulations in Four Candidate Wells (Blaine Co, Montana) ~
September 2002 - Single Stage Treatments — Ocean Energy
Contract #DE-AC21-94MC31199 "Field Testing & Optimization of CO,/Sand Fracturing Technology"

Figure 20 —p. 7 of 8

rm

(rricaN] (2 /o

Ocean Energy - Hill County Havre Montana , Fluid And Mixing Requirements
Liquid CO2 Frac .

Cplion 1 Version 1

HCI {15%) Volume From Program: 1.0 m®
Additional Fluid Vatlume: 0.0 m3
Total HCI {15%) Volume: 1.0 m?

CO2 (Liquid) Volume From Program: 104.77 m?
Cool-down and Losses: 27.23 m°

Total CO2 {Liquld) Volume: 132.0 m® Requires: 2 CO2 Transports
2 CO2 Storage Tanks

N2 Volume From Program: 4000 sm®
Cooi-down and Losses: §00sm>® .
Total N2 Volume: 4600 sm® Requires: 2 N2 Pumping Units

1.m® Spearhead Acid {15% HCI) Spearhead
Skg/m*IC-3 (tron Control) - pre-mixed
2 U/m? Al-1 {Cotrosion Inhibitor} - pre-mixed
2U/m?* §-1 {Surfactant) - pre-mixed

Total Products Required

2L Al-1 {Corosion Inhibitor) 132m?® CO2 (Liquid)
1m? HCI {15%) S5kg IC-3 (iron Control)
4600 sm® N2 (Gas) 2L 5-1 (Surfactant)

20tonne Sand (20/40)
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Ocean Energy - Hill County Havre Montana ) Completions
Liquid CO2 Frac

Option 1 Version 1

{
]
i
i

Wellhead: Casing Saver
Pumping Configuration: Casing

Casing: 114.3mm, 14.1dkg/m, }-55 Burst: 30 MPa
0.0 - 480.0 m (TMD) Collapse: 23 MFa

Hole Voluma: 3.87 m®

Perforations: 457.0 - 480.0 m {TMD)

i
E
i

Farmatlon: Belly River - Cagle (Gas)
Frac Gradient: 22.0 kPa/m
BHST: 14°C

L Catcylations

Practure = Gradient, ., . (22.0 kPa/m) x Depth . ., (480.0 m} = 10560 kPa

Piriction = Oradient, . (12.0 kPa/m} x Depth o, curee $480.0 M} = 5760 kPa

maostasc (10.0 KPa/m) x Depth, .. (480.0 m} = 4800 kPa

(10560 kPa) + P, (5760kPa)-P, . .. (4800 kPa) = 11520 kPa
2 POWerco, = Piyecson (11520 kPa) x Ratec, (7.5 mmin}/ 60 = 1440 kW

phydroslaﬂc = Gradient

P.lnjocﬂon =P fraciurg
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B. Actual
The actual costs for stimulating the four Candidate Wells ranged from $US 51,065 to 70,113
and averaged $63,189

Invoice Well $ Can Exchange Rate $ US
C38873 | S-B Ranch 02-05-30-18 $ 80,595.69 0.6336 $ 51,065.43
C38874 | Kane 05-08-30-18 $104,486.34 0.6336 $ 66,202.55
C38876 | Kane 05-05-30-18 $110,657.64 0.6336 $ 70,112.68
C38877 | Blackwood 06-09-30-18 $103.,183.50 0.6336 $ 65.377.07
Total $398,923.17 $252,757.73
Per Well 63,189

C. Projected vs. Actual
The actual and projected costs for stimulating the four Candidate Wells were similar:

Actual Cost (3US) 63,189
Projected Cost ($US) | 62,421
Difference ($US) 768
Percent (%) 1.2

XXII. CONCLUSIONS

The production through July 2004 (22 months) results in the following observations:

A. CO,/Sand stimulations can be successfully pumped in the Eagle Sands.
One well, S-B 02-05 screened out with 8,500 Ibs of 20/40 sand proppant in zone. The total

pumped CO; volume was 432 Bbls. Subsequently the pad volume was increased and the wells

were treated with available CO, volumes.
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N B. The in-zone placement of proppant was proportional to the pumped CO, volume:
b
I co? Sand (Ibs) Sand Conc
Well #-S | Bbls | Pumped In-Zone Max | Avg
i S-B Ranch 02-05 | 432 10,300 8.500 24 1.2
s Kane 05-08 | 835 27,300 24,900 23 1.0
Kane 05-05 | 815 23,800 21,800 24 0.9
E Blackwood | 06-09 | 633 10,600 10,400 1.3 0.6
j- C. All four Candidate Wells had production improvements which through July, 2004 (22 months
& following the stimulation) ranged from 3.1 to 54.1 MMcfand averaged 19.5 MMcf. The total
[ incremental improvement is 77.8 MMcf.
[
- Twp/Rge T30N/R18E | T30N/RIS8E | T30N/RI8E | T30N/R18E | Totals
¢ | Cof/St Blaine/Mt Blaine/Mt Blaine/Mt Blaine/Mt
’[ Field Tiger Ridge | Tiger Ridge | Tiger Ridge | Tiger Ridge
| Surface S-B Ranch Kane Kane Blackwood { Total
. Sec-# 02-05 05-08 (5-05 06-09
| Subsequent to Bridge Plug Removal*
Actual Post-stim Cum (MMcf) 28.5 46.4 21.5 146.8 - 243.2
| | Proj Cum (based on pre-stim prod) (MMcf) 14.7 39.6 18.4 92.7 165.4
i 4 Incremental Prod Increase (MMcf) 13.8 6.8 3.1 54.1 77.8

JU—

PrA——

P

D. One well, Blackwood 06-09, accounts for the majority — 70% (54.1/77.8) of the incremental
production increase.
E. When compared with the criteria for success only one of the four Candidate Wells, -
_ Blackwood 06-09 exceeded the production criteria.
| Surface S-B Ranch Kane Kane Blackwood | Total
* Sec-# 02-05 05-08 05-05 06-09
{Yrl
Production (MMcf) 17.7 354 16.3 103.4 172.8
| Success Criteria (MMcf) 25.2 47.6 33.1 90.4 196.3
| Difference {(MMcf) -7.5 -12.2 -16.8 13.0 -23.5
¥Yr 1+ 10 Months (Through July 2004)
| Production (MMcf) 28.5 61.0 28.8 194.2 312.5
- Success Criteria (MMcf) 43.1 83.0 53.5 161.7 341.3
| Difference (MMcf) -14.6 -22.0 24.7 32.5 -28.8
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