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HYDROCARBONS LTD.

1300 SUN LIFE PLAZA T
112 - 4th AVENUE S.W.
CALGARY, ALBERTA, CANADA T2P 0H3

TELEPHONE {403) 261-0743
FAX {403) 264-5691

July 2, 1992

Manitoba Energy and Mines
Petroleum Branch

555 = 330 Graham Avenue
Winnipeg, Manitoba

R3C 4E3

Attention: Mr. John Fox
Chief t i

Dear Sir:

RE: Waskada Reduced Bpacing Pilot Project
8

The purpose of this letter is to respond to the Board's questions concerning
the Waskada reduced spacing pilot project contained in the approval for
concurrent MC3a production from well 8A-23~1-26 WPM. The following is a
review of production performance to date and a comparison to predicted
performance for the infill pilot project area.

1) Bage Case Prediction

The base case prediction used in the infill pilot project application was
based on productlon history data to June 1990. Productiocn decllne curve
analysis resulted in a 1991 predicted average rate of 318 m /month and an
annual decline rate of 10 percent. During the 4th quarter of 1990 the
productlon from the or1g1nal produc1ng wells increased to an average rate of
470 m /month This increase in production is attributed to restarting water
injection at well 5-24-1-26 WPM as illustrated in Attachment 1. The impact
of this change in performance does not effect the infill well forecast,

however, a revision to the base case production forecast is necessary.

Assuming a 1991 average oil production rate of 450 m /month an abandonment
rate of 95 m /month and an exponential decline rate of 10%/yr results in a
revised ultimate recovery factor of 27.1 percent for the base case.




——

2) Infill Well Prediction

The sonic logs obtained from the four infill wells were found to have the
same reservoir characteristics as the offset wells. While the resistivity
logs contained no zones of abnormally high water saturations 1nd1cat1ng
unswept portions of the reservoir had been contacted. These findings were
confirmed by 1n1t1a1 oil production rates and producing water cuts which
ranged from 2.1 m /d to 4.1 m /d and 10% to 47%, respectlvely. The
incremental o0il production forecast used in the 1nf111 pilot project
application assumed a comp081te initial rate of 8.0 m? /4 and an annual decline
rate of 15%. Due to a delay in the pilot project start up date from January
1991 to March 1991 a time shift in the incremental production forecast is
required for future comparisons but the predicted 3.3 percent incremental
recovery remains unchanged.

3) Pilot Project Performance and Future Strategies

Attachment 2 contains a historical production plot for the pilot project area
and illustrates the incremental oil productlon produced to date from the
infill wells. Attachment 3 contains a comparison of 1991 actual production
to predicted production incorporating the previously mentioned adjustments.
Both the base case and infill well forecasts compare favourably with actual
production. Factors which are adversely affecting the oil productlon from
the pilot project area are; i) a lower than anticipated reservoir pattern
pressure ii) production well downtime and iii) increased water production
from some of the original o0il wells. The declining infill well production
rates are related to the low reservoir pattern pressure and an increase in
back pressure caused by flowlining the wells. Production downtime is
occurring within the pilot project area each month due to common flowline
testing procedures and routine well maintenance. To this point in time no
significant interference has been identified between any of the wells.

Omega Hydrocarbons Ltd. remains confident that increased oil recovery from
the Lower Amaranth formation is possible through infill drilling. To date
the only project disappointment encountered has been the low reservoir
pressure. Serious efforts are being made to overinject water into the pllOt
project area in order to increase reservoir pressures and improve the pllot
project performance. Overinjection will continue until the reservoir
pressure has returned back to the initial reservoir pressure of 9000 kPa.
Monthly monitoring of production and injection has been implemented to ensure
the early detection of any problems created by this strategy.

If there are any questions or comments related to this information, please
contact the undersigned at (403) 261-0743.

Yours truly,
OMEGA HYDROCARBONS LTD.

P —

R.A. Brekke, P. Eng.
Senior Exploitation Engineer

c.c.: J. Beardsworth
Waskada Reduced Spacing Unit Application File




--, Attachment 3

Waskada Lowar Amaranth
Reduced Spacing Pilot Project
Forecast Versus Actual Production Comparison

Pattern 5-24-1-26 WPM

Revised Actual Actual
Base Case Infill Well Base Case | Infill Well
Forecast Forecastw Production Production
| (n3) (m*) (m*) (m?)
“ 1991 5400 2073 4835 1876 "
n 1992 4886 2422 “
1993 4421 2084 u
1994 4000 1794
1995 3620 1544 “
1996 3275 1329 "
" 1997 2963 1144
H 1998 2681 985
1999 2426 847
M 2000 2195 729
| 2001 1987 627
2002 1798 540 "
2003 1626 -
2004 1472 -
| 2005 1332 -
2006 1205 -
Total 45287 16118

Pattern 5-24 OOIP = 438,708 m°

Cumulative Pattern Production (31/12/90) = 85756 m3
Base Case Recovery Factor = 27.1%

Infill Case Recovery Factor = 30.4%

Base Case Parameters - Initial rate = 15.5 m?/d, Final rate = 3.1 m3/d
Decline rate = 10%/yr, Producing wells = 8

.0 m3/d, Final rate = 1.5 m3/d

Incremental Parameters - Initial rate 8
15%/yr, Producing wells = 4

Decline rate

g

*In the infill well forecast for 1991 nine production months were used.
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HYDROCARBONS LTD

1300 SUN LIFE PLAZA T
12 - ¢th AVENUE SW
CALGARY, ALRERTA, CANADA T2P OH3

TELEPHONE (403} 261-0743
FAX {403) 2645691

January 7, 1991

THE OIL AND NATURAL GAS
CONSERVATION BOARD

Room 309 lLegislative Building
Winnipeg, Manitoba

R3C 0VS8

Attention: Dr. Ian Haugh
Chairman

Dear Sir:

Re: Waskada Lower Amaranth A Pool

il

Omega Hydrocarbons Ltd. acknowledges the Board's letter dated
1990/12/21 and submits the following supplementary information
regarding the infill well pilot project evaluation progran.

Throughout the development of the Waskada Lower Amaranth A Pool
Oomega has collected the necessary data to obtain a comprehensive
reservoir description. A summary of the information gathered to
date includes two reservoir fluid studies, numerous full diameter
cores, capillary pressure tests, rock compressibility tests,
relative permeability tests, petrology studies, a reservoir
simulation study, a fieldwide computerized log interpretation
study, annual reservoir pressure surveys and continuous well
performance monitoring. It is felt that gathering additional
routine type data on the infill wells will not add to the current
knowledge base. However, by drilling and production testing the
infill wells as Omega has previously proposed it is possible to
evaluate reservoir continuity under reduced well spacing and
identify trapped oil saturation areas on a pattern basis.

Specifically addressing the items which have been proposed by the
Board to enhance the infill well pilot project evaluation Omega
offers the following comments;

1) Obtaining interzone data such as TDT logs, EPT logs, GST logs
and RFT measurements at the infill wells would have limited
practical use. Based on workover experience to date attempts
to segregate the various Lower Amaranth sands after the
required fracture stimulation have been ineffective. None of
the previously mentioned measurements have been performed at




2)

3)

4)

5)

existing wells due to the gquestionable ability of these tools
obtaining meaningful data within an induced fracture system.

Interwell communication testing becomes increasingly important
as a waterflood matures. To date the producing water cuts on
a fieldwide basis remain relatively low and Lower Amaranth
waterfiood breakthrough is suspected at only a small number of
wells. Omega has evaluated the various techniques to obtain
interwell communication data and believes that , ‘

is the most reliable method. Due to the high
cost of such testing Omega recommends that this type of
testing be delayed to such time as significant waterflood
breakthrough has occurred within the infill well pilot area.
(Estimated cost $30,000)

Determining the stress regime and in turn the induced fracture
orientation within Waskada are important for future waterflood
optimization and infill well expansion. Given that this
information can be collected at any newly drilled well Omega
is not willing to commit infill pilot project funds to obtain
the data. For the time being Omega plans to pursue an
industry wide search for existing fracture orientation studies
performed in southeastern Saskatchewan or southwestern
Manitoba and to investigate available techniques for
determining fracture orientation within existing wells.

Waterflood performance can be detrimentally effected by out of
zone injection therefore T e

injection fluids are confilned
This additional information will be used to ensure that the
infill well pilot project area is receiving adequate pressure
support. (Estimated cost $6500)

As stated previocusly Omega is of the opinion that routine core
analysis and special core study work on the infill wells will
not enhance the current geological and reservoir description.
The proposed logging program allows the evaluation of
reservoir continuity under reduced well spacing through a
direct comparison with the offsetting well logs. Regular
production testing of the infill wells will be used to
evaluate trapped oil saturation areas within the existing
injection pattern and their impact on existing production well
performance.




We trust that the information contained herein meets your
requirements. We also ask that the subject application be given
written approval as soon as possible in order to complete the
infill drilling prior to spring breakup.

Yours truly,

OMEGA HYDROCARBONS LTD.

7. e

R.A. Brekke, P. Eng.
Engineering Supervisor - Manitoba

/31b

c.c.: L.R. Dubreuil - Manitoba Petroleum Branch
Waskada Reduced Spacing Unit Application File




HYDROCARBONS LTD

1300 SUN LIFE PLAZA T
112 - 4th AVENUE S W
CALGARY, ALBERTA, CANADA T2P 0H3

TELEPHONE (403) 261-0743
FAX (403) 264-5691

December 6, 1990

MANITOBA ENERGY & MINES
PETROLEUM BRANCH

5§55 - 330 Graham Avenue
Winnipeg, Manitoba

R3C 4E3

Attentjion: Mr. John Fox

Chief Petroleum Engineer

Dear Sir:

Re: Waskada Lower Amaranth A Pool

L i on

Enclosed are the oil in place calculations for the offsetting
injection patterns which were requested during our telephone
conversation of 1990-12-03. It should be noted that all the
injection pattern oil in place calculations assume an area of one
full legal subdivision for each well location.

If there are any questions pertaining to this information please
contact the undersigned.

Yours truly,

OMEGA HYDROCARBONS LTD.

7T <

R.A. Brekke
Engineering Supervisor - Manitoba

RAB:jlb

c.c.: Waskada Special Spacing Unit Application File
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Well

11-313-1-26
12-13-1-26
13-13-1-26
14-13-1-26
9-14-1-26
16-14-1-26
1-23-1-26
3-24-1-26
4-24-1-26

WPM
WPM
WPM
WPM
WPM
WPM
WPM
WPM
WPM

Total:

Reduced Spacing Pilot Project

t

O0IP

Waskada Lower Amaranth

Pattern 13-13-1-26 WPM

—oh
(¢.m)

0.373
0.328
0.361
0.361
0.385
0.361
0.675
0.749
0.704

4.297

= 10000 (&) (¢) (h) (1-Sw)

Boi

Original 0il
In Place
(m°)
30985
27296
30001
30001
31969
30001
56068
62216
58527

357064

OOIP Parameters - A=16ha, Sw=0.40, Boi=1.155 Rm’/m}
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Waskada Lower Amaranth
Reduced Spacing Pilot Project

Pattern 15-13-1-26 WPM

Original 0Oil

Well gh IBTE}QQE

(¢.m) m)
9=-13-1-26 WPM 0.246 20411
10-13-1-26 WPM 0.391 32460
11-13-1-26 WPM 0.373 30985
14-13-1-26 WPM 0.361 30001
15-13-1-26 WPM 0.411 34182
1-24-1-26 WPM 0.373 30985
2=24-1-26 WPM 0.536 44510
3-24-1-26 WPM 0.749 62216
Total: 3.440 285750
OOIP = 10000 l1-Sw
Boi

s, OOIP Parameters - A=16ha, Sw=0.40, Boi=1.155 Rm’/m’
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Well

9-14-1-26
10-14~1-26
15-14-1-26
16-14-1-26
1-23-1-26
2=-23-1-26

WPM
WPM
WPM
WPM
WPM
WPM

Total:

¥Waskada Lower Amaranth
Reduced Spacing Pilot Project

Pattern 15-14-1-26 WPM

—¢h
(¢.m)

0.385
0.204
0.331
0.361
0.675
0.340

2.296

OOIP = 00 =-Sw

Boi

Original 0il

(mi)

31969
16968
27542
30001
56068

28280

190828

OOIP Parameters - A=16ha, Sw=0.40, Boi=1.155 Rm*/m’




waskada Lower Amaranth
Reduced Spacing Pilot Project
0 |

Pattern 7-23~1-26 WPM

Original 0il

Well __¢h__ In Blace

(¢.m) m’)
1-23-1-26 WPM 0.675 56068
2=-23-1-26 WPM 0.340 28280
7-23-1-26 WPM 0.320 26558
8-23-1-26 WPM 0.518 43034
9=23-1-26 WPM 0.840 69839
10=-23-1-26 WPM 0,577 47953
Total: 3.270 271732
O0IP = 0 -5w
Boi

OOIP Parameters - A=16ha, Sw=0.40, Boi=1.155 Rm*/m’




Well

9-23-1-26
10-23-1-26
14-23-1-26
156-23-1-26
16-23-1-26
1-26-1-26
2-26-1-26
3-26-1-26

WPM
WPM

WPM
WPM
WPM
WPM
WPM

Total:

OOIP = 10000 (A) (¢) {(h)

Waskada Lower Amaranth
Reduced Bpacing Pilot Project

Pattern 15-23-~1-26 WPM

—¢h
(¢.m)

0.840
0.577
0.462
0.589
1.234
1.222
1.041
0.598

6.563

{(1-8w)

Bol

tio

Original 0il

In B}ggg
(m*)

m

69839
47953
38362
48936
102545
101561
86561

49674

545431

OOIP Parameters - A=16ha, Sw=0.40, Boi=1.155 Rm’/m’




waskada Lower Amaranth
Reduced Spacing Pilot Project
Pattern 7-24-1-26 WPM

Original 0il

well gh _ lg_E}ggg

(p.m) (m*)

1-24-1-26 WPM 0.373 30985
2-24-1-26 WPM 0.536 44510
3-24-1-26 WPM 0.749 62216
6-24-1-26 WPM 0.618 51396
7-24~1-26 WPM 0.695 57789
8-24-1-26 WPM 0.541 45002
9-24-1-26 WPM 0.524 43526
10-24-1-26 WPM 0.450 37379
11-24-1-26 WPM 0.663 55084
Total: 5.149 427887

OOIP = 10000 (A) (¢) (h) (1-Sw)
Boi

O0OIP Parameters - A=16ha, Sw=0.40, Boi=1.155 Rm’/m’




waskada Lower Amaranth
Reduced Spacing Pilot Project

tion
Pattern 13A-24-1-26 WPM
Original 0il
Well —¢h__ In Bpgg
(¢.m) (m”)
9-23-1-26 WPM 0.840 69839
16-23-1-26 WPM 1.234 102545
11-24-1-26 WPM 0.426 35411
12-24-1-26 WPM 0.663 55084
13-24-1-26 WFM 1.231 102299
14-24-1-26 WPM 0.595 49428
3-25-1-26 WPM 0.917 76233
4=25-1-26 WPM 0.843 70085
i-26-1-26 WPM 1,222 101561
Total: 7.971 662485
O0IP = -SwW

Boi

00IP Parameters - A=16ha, Sw=0.40, Boi=1.155 Rm® /m’




wWaskada Lower Amaranth
Reduced Spacing Pilot Project
offset Pattern Oil In Place Calculation
Pattern 15-24-1-26 WPM

Original 0il

HWell —oh IB_B}QQQ
(p.m) (m)
9-24-1-26 WPM 0.524 43526
10-24-1-26 WPM 0.450 37379
11-24-1-26 WPM 0.426 35411
14-24-1-26 WPM 0.595 49428
15-24~-1-26 WFPM 0.784 65167
16=-24~1-26 WPM 0.589 48936
1-25-1-26 WFPM 0.728 60494
2-25-1-26 WPM 1.743 144842
3-25=-1-26 WPM 0,917 76233
Total: 6.756 561416
00IP = -Sw
Beil

OOIP Parameters - A=16ha, Sw=0.40, Boi=1.155 Rm’/m’




November 15, 1990

The 0il and Natural Gas John N. Fox
Conservation Board Chief Petroleum Engineer
Ian Haugh, Chairman Petroleum Branch

H. Clare Moster, Deputy Chairman
Wm. McDonald, Member

RE: Waskada Unit No,., 4
Specia i}

Omega Hydrocarbons Ltd. has addressed all the questions listed in the
Board's deficiency letter regarding the application (October 25, 1990).
Before the Petroleum Branch begins its detalled technical review of the
application, 1t 1s recommended that notice of the application be
published. Attached is a copy of the proposed Board notice.

It is recommended that the notice be,

(1) published in the Melita New Era, Deloraine Times and Star and the
Manitoba Gazette, and

(2) sent directly to

(a) the surface owners in the project area,

(b) the working interest and royalty owners in Waskada Unit No. 4,

(c) the working interest and royalty owners adjacent to the project
area,

(d) major operators in the Waskada Field - Enron, Chevron and
Tundra, and

(e) The Surface Rights Association.

DRIGINAL SIGNED B

JOHN N. FOX
John N, Fox
Att'd. Ofghes Fpaed wy
S I TS SO
Approved:

L.R. Dubreuil, Director




Manitoba - %

The Oil and Natural Gas Room 309

Conservation Board Legisiative Building
Winnipeg, Manitoba, CANADA
R3C ovs

{204) 945-3130
NOTICE

UNDER THE MINES ACT

Omega Hydrocarbons Ltd., Operator of Waskada Unit No. 4 ("the unit")},
has made application under Section 20 of The Petroleum Drilling and
Production Regulation for approval of special drilling spacing units in
a portion of the unit ("the project area") outlined below. If the
application is approved, it is proposed to drill four (4) wvells at the
approximate locations shown.

RANGE 26 WPM

PROJECT
AREA
| SECTION 23|SECTION 24 | .
|
l
) @ | ®
8-23 5-24 | 6-24
|

TOWNSHIP 1
|
|
|

.
|
|
i
|
|
|
|
-
|
|
!
|
|
|

|
SECTION 23 o SECTION 24

SECTION 14’ | | SECTION 13
LEGEND
@ Existing producer

@& Existing water injection well
I Proposed drilling location




If no intervention in writing is received by the Board at Room 309,
Legislative Building, Winnipeg, Manitoba, R3C OVE on or before
December 14, 1990, the Board may approve the application.

Copies of the,gpplication may be obtained from:

Omega Hydrocarbons Ltd.
1300 Sun Life Plaza III
112-4th Avenue S.Y.
Calgary, Alberta

T2P OR3

1-800-661-9257

The application may be viewed at the offices of the Petroleum Branch:

$55-330 Graham Avenue

Winnipeg, Manitoba Waskada, Manitoba
(204) 945-6577 (204) 673-2472
Dated at Winnipeg, this /{ér/ day of /4/6045573276 » 1990,

Z:

H. Clare Moater
Deputy Chairman




o
-

-

HYDROCARBONS LTD

1300 SUN LIFE PLAZA T
112 - 4th AVENUE S W
CALGARY. ALBERTA, CANADA T2P O3

TELEPHONE (403} 261.074)
FAX (403) 264-5891

November 7, 1990

The Oil and Natural Gas
Conservation Board

Room 309 Legislative Building
Winnipeg, Manitoba

R3C 0V8

Attention: Dr. Ian Haugh
Chairman

Dear Sir:

Re: Waskada Lower Amaranth A Pool

Omega Hydrocarbons Ltd., as operator of Waskada Unit No. 4, submits
the following supplementary information to our application of
1990~09-28 for a reduced spacing pilot project. This information
ig in response to the Board's letter of 1990-10-25 outlining
concerns and questions regarding the subject application.

The Board's concern with respect to the use of 4 ha spacing is
acknowledged. It is not our company's intent to fully develop the
project area on 4 ha spacing but to only drill between existing
producers to contact unswept oil. Within the pilot project area
this infill drilling strategy results in four (4) well locations.
For the purpose of clarification Omega requests that is previous
application be revised to read "special reduced drilling spacing
units with a drilling target area centered on a point equivalent
from the existing production wells". Enclosed is a revised diagram
of the proposed drilling spacing units.

Naterflood Performance

a) Water injection into well 5-24-1-26 WPM was temporarily
terminated during the periods August 1986 to March 1987 and
November 1988 to February 1990 to prevent premature water
breakthrough from detrimentally effecting ultimate oil
recovery. The net result of suspending injection has been to
lengthen the time required to achieve ultimate waterflood
recovery within the pattern. As can be seen from the
production/injection plots enclosed, only well 8-23LAm-1-26
WPM shows a decrease in total fluid production during the
periods in question. Erratic production at the other pilot
project area wells is a result of production eqguipment
problems rather than a lack of pressure maintenance.




b)

d)

-2 -

During 1988 and 1989 Omega's geclogical and reservoir
engineering staff conducted a complete review of all its
waskada operated wells using computer assisted log
interpretation software. The purpose of this review was to
investigate why discrepancies between g¢h values calculated
using the log overlay technique and well productivity existed.
our findings showed that the original method of determining ¢h
values used total porosity rather than an effective porosity
corrected for shale content. ©On a field average basis the
revised gh values are approximately half the original ¢h
values. These modifications do not effect the recoverable oil
reserves determined by decline curve analysis, however, they
do reduce previously determined oil in place volumes.

Enclosed is a technical reference titled, "The Stress Regime
of the Western Canadian Basin and Implications for Hydrocarbon
Production®, which indicates that a predominant NE-SW fracture
orientation exists throughout Western Canada. No fracture
orientation or insitu fracture studies have been conducted in
Waskada, however, all Lower Amaranth wells have been fracture
stimulated. As illustrated in Figure 10 of this reference an
induced fracture system within a waterflood can detrimentally
effect areal sweep efficiency. The infill wells for the pilot
project area have been located between suspected fracture
planes.

In the 1985 reservoir model study the northern half of Section
25-1-26 WPM was included in a one half LSD border surrounding
injection pattern 13-24LAm-1-26 WPM. The border area in the
simulation study was used to mitigate edge effects and to
establish a no flow boundary around the main pattern area
being modeled, for these reasons performance at the wells in
border areas must reviewed cautiously. Model study
performance at wells 9-23-1-26, 11-24-1-26 and 12-24-1-26 WPM
is considered reliable since they are included in both
injection patterns 5-24-1-26 and 13-24LAm-1-26 WPM. A
comparison of cumulative oil recovery to date and final
predicted oil saturations at these wells are in good
agreement; both indicators show higher cumulative oil
recoveries from wells 9-23-1-26 and 12-24-1-26 WPM than well
11-24-1-26 WPM.

Tachnioal Justification

a)

The recovery mechanism which accounts for an estimated
incremental recovery of 3.3% for the pilot project area is the
drainage of unswept portions of the reservoir. Omega is of
the opinion that adverse reservoir hetrogeneities exist within
the pilot project area and that infill drilling is the optimum
method of recovering oil from the unswept areas.




b)

The conversion of the existing 16 ha nine-spot patterns to 16
ha five-spot patterns could be accomplished by converting the
4 existing corner producers to injectors. Economically this
alternative would have the least capital cost ($25,000/well)
given the existing facilities, however, it has the detrimental
impact of instanteously reducing pattern productivity.
Technically this alternative is risky based on the fact that
no significant increase in oil productivity has been observed
within the existing pressure maintenance project areas on 16
ha spacing.

Cconverting the existing 16 ha nine-spot patterns to 8 ha nine-
spot patterns is accomplished by drilling 4 infill producers
and converting the 4 existing corner producers to injectors.
Assuming the same pilot project area size this alternative
would cost approximately $365,000 versus the proposed pilot
project cost of $624,000. Again the capital cost savings do
not offset the technical risks involved with drilling inside
the theoretical production streamlines for the existing 16 ha
nine-spot pattern. Field experience, as in the case of the
North Virden Scallion Unit No. 1, has shown that infill
producers drilled between existing injector-producer pairs are
poor infill well locations.

Modifying the existing 16 ha nine-spot patterns to 8 ha five-
spot patterns combines the previously discussed technical
risks of the first two alternatives. Specifically, it assumes
the conversion of all existing producers to injectors and
positions the 4 infill wells between existing injector-
producer pairs. Economically and technically this alternative
is unacceptable.

All three of the waterflood modification alternatives
suggested by the Board assume that the trapped oil saturation
areas can be mobilized by reversing the original production
streamlines. Theoretical calculations and field experience
have shown that this method of improving oil recovery is most
successful in homogeneous type reservoirs. Based on
historical pressure data and watercut performance to date in
the Waskada Lower Amaranth reservoir the movement of the
injected water bank is being influenced both by low reservoir
permeability (slow flood front advance) and an induced
fracture system (rapid flood front advance). Given these
reservoir complexities Omega contends that the Lower Amaranth
reservoir is heterogeneous in nature and that an irregqular
injection scheme is more appropriate. In support of its
strategy refer to the technical papers titled, "A Modelling
Approach for Optimizing Waterflood Performance, Slaughter
Field Chickenwire Pattern" and "Revitalization of the Pembina
Fiela".




c)

d)

e)

£)

The proposed pilot project area was selected primarily due to
its above average reservoir quality, if this criteria were
expanded fieldwide it would encompass approximately one
quarter of the Waskada field. Based on a preliminary
evaluation Omega considers the following areas amenable to
infill drilling; Waskada Lower Amaranth Unit No.l1 , Waskada
Unit No. 4 and Waskada Unit No. 8.

If full development on reduced spacing were to occur the
correlative rights of those locations on or adjacent to
existing Unit boundaries would need to be protected. This
could be accomplished by either combining existing Units or by
an equitable sharing of the production from such wells between
the Units effected. No infill wells in this situation would
be drilled prior to resolving the correlative rights issue.

If the proposed pilot project is successful and the area of
reduced spacing was expanded, Omega's primary initiative would
be to continue drilling infill producers. In certain portions
of the reservoir this strategy could result in a maximum of
eight (8) infill well locations per existing injection
pattern. Based on the predicted production rates for the
infill wells Omega does not anticipate the need for additional
injection wells to maintain reservoir voidage. If
supplemental pressure support were to be required a line drive
type waterflood could be implemented.

The existing pressure maintenance strategy within the above
average reservoir gquality areas consists of maintaining a
reservoir pressure equal to 9000 kPa and a cumulative voidage
replacement ratio of approximately 1.0; this strategy will
remain the same after the completion of the infill wells. Due
to the previously discussed suspension of water injection in
pattern 5-24-1-26 WPM the current target injection rates have
been increased to achieve the desired reservoir pressure and
cumulative voidage replacement ratio. Following the
implementation of the pilot project production from the infill
wells will be added into the monthly voidage calculations and
compensated for in the injection target rates at wells
13-13-1-26, 7-23-1-26, 5-24-1-26 and 7-24-1-26 WPM.

The incremental production forecast for the proposed infill
wells assumes no production acceleration or production
interference. Omega has based this production forecast on the
performance of other infill well projects which are discussed
in the technical literature. Actual performance of the
Waskada infill well pilot project will confirm or deny these
forecast assumptions.




b)

c)

In order to correlate with existing wells Omega plans to
conduct the following logging program at the infill wells;

Scale (8I)  Interval

Dual Induction Log (DIL-SFL) 1:600 TD to surface casing
1:240 T™D to 750 m

Sonic Log (BHCS-GR) 1:240 TD to 750m 300-100us/m
1:240 TD to 750m 500-100us/m

No special cores or drill stem tests are planned during the
drilling operations.

Following the implementation of the pilot project the infill
wells will be produced to lease tanks to obtain accurate daily
fluid production and watercuts. The existing wells within
injection pattern 5-24~-1-26 WPM are currently tied in and will
continue to be satellite tested on average twice per month.
Surface injection pressures and injection volumes will be
measured on a daily basis at well 5-24-1-26 WPM. The annual
injection well fall off testing program will continue to be
performed in and surrounding the pilot project area.

Omega intends to conduct additional reservoir pressure
measurements at the existing production wells and the infill
wells within the pilot project area to assess reservoir
pressure support. A regular fluid level monitoring program is
also planned for the pilot project area to ensure that total
fluid productivity is maximized.

general

a)

The holiday oil volume incentives for the infill wells were
omitted in the previously submitted pilot project economics.
Based on an estimated oil price of $135.67/x’ at spud date the
holiday oil volume per infill well is approximately 1375 »°
which would be equivalent to a $28,500 reduction in Crown
royalties and freehold production taxes. Enclosed is a
revised copy of the pilot project economics including the
holiday oil volume incentives.




o

b)

<€)

d)

Omega does not use an economic hurdle rate to assess project
viability instead discounted net present value, rate of
return, payout and risk are all considered. Based on these
economic parameters the infill well pilot project is
economically viable, however, any negative sensitivity to the
production forecast or capital cost assumptions would result
in an uneconomic project.

The Waskada Lower Amaranth reservoir is considered an
inappropriate candidate for horizontal drilling by Omega due
to its vertical stratification and thin pay intervals.
Directional drilling is technically feasible in the Waskada
field and would have the advantage of reducing the impact to
surface lands. But as presented in our application this
alternative has the disadvantage of increasing capital and
operating costs for the pilot project, which as yet is
unproven in its ability to recovery incremental oil.

Omega has the understanding that the Board will be publically
advertising its application for special reduced drilling
spacing units. Subject to the inquiries received during the
advertisement period Omega would consider holding a public
meeting if in the opinion of the Board it could avoid a
public hearing.

Enclosed is a list of names and addresses for the working
interest owners and royalty owners in Waskada Unit No. 4 and
within one kilometre of the pilot project area. It should be
noted that Omega has purchased Sabre Energy Ltd.'s working
interest in Waskada Unit No. 4 and that amendments to the Unit
documents will be forthcoming.

We trust that the information contained herein meets your
requirements.

Yours truly,

P A

G.A.

Cormack

Manager, Production Operations

RAB/Jb

C.C.:

L.R. Dubreuil - Manitoba Petroleum Branch
Waskada Reduced Spacing Unit Application File




WASKADA LOWER AMARANTH
REDUCED SPACING PILOT PROJECT

PROPOSED DRILLING SPACING UNITS
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@ EXISTING PRODUCTION WELLS
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HYDROCARBONS UTD

~~~ FRACTURE PLANE
REDUCED SPACING PROJECT AREA

WASKADA, MN.
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PETAOLEUN ECONDNICS EVALUATION PROGRAN
OMEBA HYDROCARBONS LTD.

Version: 89-11-0}

Tise: 20/11706 25126112
File:

m———— wmmmemee- CASE DESCRIPTION -----—=====-===-===-==  =m—=omm=somss NET PRESENT VALUES ( M) —-==—=—mome—m
WASKADA ¢wfILL DRILLING EVALUATION (PATTERN 5-24) DISC RATE (1) 0.0 16,0 159 200 25.0 30.0
DRILL 4 WELL PILOT, ASSUNES 1990 DAS PRICE FORECST
1990 OPDDSTS:HZSOIHJREM:8!.75iﬂ3,IRUCK:$3.73IHS,ESC!51HR 8.1, OPER INC 1526 1075 933 84 738 869
(INGLUDES HOLIDAY OIL VOLUME INCENTIVES) BT CAP INV, 624 624 624 624 24 020
‘ | 8.7, CASH FLON 902 451 309 200 14 43
Royalty Regise: HMANITOBA Eas Holiday: NQ
Reserve type: Prov Devel il Holidays WO p.T. OPER INC 1274 921 808 721 631 393
Royalty Type:Crwn Frhd  Eval/Prod Start: 91- 1/91- 4 A.T. CAP TNV, 20 A24  BZ4 4 AU O
Sensitivity: NO Proj/Econ Life: 12.0/12.0 yrs A.T. CASH FLON 450 297 184 37 -
--------- ECONONIC INDICATORS ---~ PRODUCTS RECOVERY -------- CONPANY W.1, —-----
8. TA0 A INX BROSS L1} ROY NEY Initl Al  Revl
ROA - PCNT 33.9  27.3 olL E3ad 16 ib 2 {4  REVENUE 190.0 100.0
PAYOUT PERIOD - EVAL .8 Wi GAS-RAN  €3a3 0 9 FIELD CAP £00.0 0.0
- CAPTL 2.8 L BAS-SALES Elal 0 b 0 0  PLANT CAWP
UNDISC PIK - $/4 1.4 1.04 ETHANE [ M & Y ] 0 BATH CAP
15,0 PCT PIR - /4 0.50 0.30  PROPANE [} 0 0 0 0
30.0 PCT PIR - §/% .97 -0.05 BUTANE (A ] 0 0 0 ORA-BAS
Ny & 15.0 - $/a3 1899 LM CONDENS. '} 0 0 0 0 ORR-O0IL
NPY ¢ 30,0 - $#/23 .77 -1.78 SULPHUR t ] ! 0 0
OTHER [} 0 0 1] 0  ROYAMLTY 1.6 13,1
------------------------------- #1 CASH FLOW SUNMARY
YEAR -----0IL PROBUCTION—- TOTAL —ROYALTY-- --DPERATING-- CASH NETBACK CAPTL B.TAI TOIML ----- NTER TAY--—---
RATE VOL. PRICE  REV. NINTAX EXPENSE FLON B.TAX INV. CASH  TAY CASH 15,03  CUM
al/d  Elad 3/l ns ] 1 i S 1M ;-] $/a3 ns ] [, 3 ns n )]
ItRD 424 -2 0 -624 -b24 624
1991 7 30 135,67 k¥ i) Y} 13 79 28.86 244  B9.48 ° M 3 om 4 -4
1992 b 7 148,04 7 H 13 B0 326 222 9401 0 222 17 205 by -234
1993 6 7 16186 3 I T | 82 40,80 191 97.92 ) 197 ?® Y 119 -1
1994 5 7 17614 305 4 13 84 48.73 180 104,00 ] 180 5 147 % -4
1995 L} i 192,18 286 38 13 87 8.3 162 108,44 6 182 h- I ¥ () o7 43
1% 4 1 203.70 281 L) 11 0 70.09 137 101.00 ¢ 15 B 194 48 92
" 3 1 245.97 28 3] i3 93 8N 1y 1035 [ I 1) Yal | H W1
1998 3 {22893 a7 28 13 9% 101,57 93 §7.58 1] 93 5 &8 24 130
1999 2 242,45 198 ¥! 13 100 122,47 72 B8.47 0 T2 0 32 1 165
2000 2 i 257,19 1BO 3 13 104 148,29 53 75.M 0 33 15 38 10 176
2001 2 1 272,41 1A Y 13 108 179.49 % 57.80 -+ 10 o 6 181
2002 i 1 268,97 150 1% 13 113 217,78 i 3.7 ] i8 4 13 1 184
SUBT 16 3042 399 114 1526 624 902 252 M50 184
REM. 0 ] 0 0 0 0 1] ¢ 0 0
TOTL 1% 042 399 1116 1526 b24 %02 22 8% 1A
15.0% DISC 1664 218 k13 3 624 3% 1% 184
1 OF REV, 100 13 pi S n 19 8 i



PETROLEUN ECOMOMICS EVALUATION PROGRAM Version: 89-11-0)

OMEGA HYDROCARBONS LTD, Tisws 90711706 21326343
Files
Conaent: 85 INFILL DRILLING EVALUATION (PATTERN 5-24)
- ECONOMIC INDICATORS AT POS = 9,0 ----- Net capital exposure = 424 W§
Rin - PCNT 0.0 0.0 BREAX EVEN PROBABILITY OF SUCCESS
PAYDUT PERIOD - YEARS 0.0 0.0
- CAL.YEAR 1991.0  19%1.0 Disc Rate 1) 13.0 3.0
UNDISC PIR - §$/s -100,00  -54.16 B.%ax BECOS {1) 57.8 90.4
15.0 PCI PIR - §/ -100,00  ~%7.25 h.Tax BECDS [2)  %6.9 112.%
30.0 PCY PIR - $/8 -100.00 -00.80
s==zzazzcrgzsc=szzzzzspe=zasazzzzs=szs  RISK  ANALYS]S s=mssazese=ressezzzszseazssacssarzzace
-------------- BEFORE TAX -~ BFTER TAY ---—-===smr—mes
Prob of 151 3% 191 181 151 301 151 1N
success ROR ODCF  DCF Payout Payout PIR ROR ODCF  DCF Payout Payout PIR
1 i L H H$ Yrs  ¥rs i i bt ) #  Yrs  ¥rs 1
0 0.0 -424  -424 0,00 0.00 -100 0.0 -243 -25¢ 0,00 0.00 %7
0 0.0 424 -424  0.00 0,00 -100 0.0 -3 -3 0.00 000 -V
10 0.0 -381 <317 0.00 000 79 0.0 -200 -231 0.00 0.00 -43
0 0.6 -277 -3%  0.00 0,00 -&0 0.0 -157 209 0.00 0,00 -M4
30 0.0 -204 -283 0.00 Q.00 -42 2.5 -115 -186 B.28 000 -4
40 5.1 -131 236 .04 0.0 -2 1.9 =17 -is4 577 000 -l

50 10,8 -5 -189 531 0.00 -1 123 -2 -Mi LT3 000 -
o0 6.1 16 -8 43 8. 3 b 13 -1% 412 8.1 2
R 1.0 B¢ % L7¥ 5.98 16 1%.4 %  -% LT3 b6 10
J 75,5 162 -¥ LW LY 28 224 ¥ - L5 0 17
20 9.8 23 -2 04 Ll 3 O350 1M -5t L AN 3
100 3.y W 5 2.8 LN 6 2.3 1B -9 L0b 4db 30



FETROLEUM ECONOMICS EVALUATION PROBRAM Versios: 89-11-01

OMEGA HYDROCARBONS LTD. Tiae: 90715704 21:27523
File:
Cosaent: MAS . INFILL DRILLING EVALUATION {PATTERN 3-24) Report: peeproy
zmggigessrzaxzsz==rzzarz===zzzex NORKING INTEREST CROWN ROYALTIES, MINERAL TAX AND OTHER ROYALTIES »mczzzszsszzzszzizzezsscaszessa
[ meweocesmmmmemmomms CRONN ROYALTIES AND MIMERAL TAX --~------=soos--—o—osscomeso- 1 OTHER ROYALTIES -------]
Other Man il Bas
0il Bas Cond Propane Butane Sulphur Ethane Prod.  Sched  Frhid Over-  Over- Net

Crosn  Crown Crown Crown  Crown  Crown  Crown  Crown  Crown MNineral Frhbid  Riding Riding Profit
Royaity Royalty Royalty Royalty Royalty Roylaty Royalty Royalty Royalty  Tax  Royalty Royalty Royalty Inter.

fear L] N s L} M b} ) i L] 0] 3 s ns A$ n

1991 0.0 9.0 0.0 0.0 0.0 0.0 0.0 9.0 0.0 0.0 47.2 0.0 0.0 0.0
1992 0.0 0.0 0.0 0.0 9.0 0.0 0.0 0.0 0.0 0.0 LA 0.0 0.0 0.0
1993 0.9 0.0 0.0 0.0 0.0 0.0 0.0 1 BY 0.0 33 41,7 0.0 0.0 0.0
1994 0.9 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.5 39.1 0.0 0.0 0.0

1995 0.8 0.0
1996 0.8 8.0

0 0.0 0.0 0.0 0.0 0.0 0.0 36.7 0.0 0.0 0.0
¢
1997 0.5 0.0 0.
0
0

0.0

0.0 0.0 0.0 8.0 0.9 0.9 0.0 13,5 0.0 0.0 0.0
0.0 0.0 &0 0.0 0.0 0.0 0.0 30.6 0.0 0.0 0.0
0.0 0.0 0.0 0.0 0.0 0.0 0.0 .3 0.0 0.0 0.0
0.0 0.0 0.0 0.0 6.0 0.0

1958 0.4 0.0

1999 0.3 0.9 0.0 25.4 0.0 o.¢ 9.0

2000 0.2 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 9.0 3.2 9.0 0.0 0.0
2001 0.2 0.0 0.0 0.0 0.0 0.0 9.0 0.0 0.9 9.0 1.1 0.0 2.0 0.0
2002 ¢.1 0.0 0.9 0.0 ¢.0 0.0 0.0 0.9 0.0 0.0 19.2 0.0 0.0 2.0

2z==a=gE szzs=g=zs ==z - EErfsazrzeos CEETEEETEaT oo ssssn=rIzssTissass

12.0 4.% 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.9 5.4 .Y 8.0 0.0
”A 0.0 0.0 0.0 0.0 0.0 0.0 0.0 %0 0.0 0.0 0.0 9.0 0.0 0.0

T=TTE 2TEISITTLTSTTIET

12.0 4.9 0.0 0.0 0.0 0.0 ¢.0 0.0 0.0 0.0 3.0 389.% 0.0 0.0 0.0




PETROLEUN FCOMONILS EVALUATION PROGRAM

OMEGA WYDROCARBONS LTD.

Comsent: W& ) INFILL DRILLING EVALUATION (PATTERN 3-24}

czzzssss=sszpszzizszzszs=ssxeraczezsscacsssas NORKING INTEREST BEFURE TAX REPORT =c=s=szsazzzczz

initial

Final

Yersion) 85-11-0}
Tise: 90711706 21339:04
Film
Report: aewbtax

Cash
Crown/  Crown/ ORR/ Revenue  Other Total Other Total Total Flow
Total  Manual  Manual  Frhid  Mineral After  Inc & Oper Exp § fper  Intang Tang.  Total Before
Revenue Rovalty Royalty Royalty  Tax  Royalty  ARTC Cost NP Incose Capital Capital Capital Yai
Year [} ] N3 us ] L} ns L H ns ns [} 1 4 [ H s L}
568 36 b24

1994 370 2 0 49 0 V! 0 A 0 pil} 0 0 0 -380
1982 7 i 0 4 0 302 0 80 ¢ m 0 0 0 i
1993 325 i i 42 3 80 0 82 ) 194 i} ] 0 1%7
19594 305 1 1 39 0 263 0 84 0 18¢ 0 0 ] 180
1995 286 1 i 37 o 249 0 87 0 Y] 0 9 0 162
199 61 H t 3 0 21 0 %0 0 137 0 0 0 by
1997 238 0 0 3 0 207 0 93 0 114 0 0 | 114
1998 7 0 0 28 0 189 0 9% 0 LA 0 0 0 93
1999 198 0 0 s 0 172 0 100 0 n 0 0 0 n
2000 180 9 o 23 157 0 104 0 53 ] 0 53
2001 164 0 3! 0 143 0 108 ] 35 ] 0 0 15
2002 1350 ¢ 0 19 0 130 ] 113 ¢ 18 0 0 18
12.0 3042 9 5 3%0 4 2643 0 116 0 1323 Se8 3% b2 962

1 0 0 0 0 ] 0 0 0 0 0 0 0 0 0

FF 1 - === == === —T=E = = 5 I3 31 =

12.9 3042 9 5 3%0 4 2643 ¢ 1116 0 1523 548 % b24 902



PETROLEUN £.CONDMICS EVALUATION PROGRAN

Version: B9-11-0%
OMEGA HYDROCARBONS LID.

Tise: 30/11/06 21039: 24
File:

Comment: WA INFILL DRILLING EVALUATION (PRTTERN 3-24) Report: peepat

csmz=srzzztzzsEcassragsscxceszsszzzsazszzazz=zzz HORKING INTEREST AF'[ER TAY DATA »=ss=ssszaz=soerrszazssscarzcsszss=ISESIRSETsS
Landd Landk Plant Plant Fed Prov

Resorc Resorc Dev  Dev  Expt  Expl Tang Tang LGath iGath Taxbl Fed Taxbl Prov  Inv  Total Cash

Tncome Allow Bal  Depr Bal  Depr Bal  Depr Bal  Depr Incose Tax Incose Tax fredit Yax Flow
fear X§ ns [} n$ [} [ ns [} ns N$ 4] 14 K L} ] ] [}
1991 2% 5 8 1N 0 0 ) ] 0 9 7 2 I 1 0 3 -38]
1992 210 52 398 119 0 0 § 12 ¢ 0 i1 38 b 0 17 208
1993 192 48 278 83 ¢ ¢ 37 9 0 0 bl 8 1 10 ¢ Y BT 1]
1994 17 #4195 58 0 0 i} 0 0 2 73 12 0 I
1993 157 K} B 01 4 ¢ ¢ r}] b 9 0 n 2 n 13 ¢ hH] 126
1996 13 33 9% e ¢ 0 16 4 0 0 12 21 12 12 0 310k
1997 $12 8 67 20 ¢ 0 12 3 0 ) b4 18 7] i1 0 N 83
1998 9 Fi Ly 14 0 0 ] 2 ] ] o 16 " ) 6 % o8
1999 i} 18 33 1o 9 0 7 ] ¢ 0 43 12 43 7 ] 20 32
2000 52 i3 3 7 3 i b 0 3 9 32 ] 0 13 bt ]
2001 i ) 9 16 0 0 | 1 H ¢ q] b 3 4 0 10 Y]
2002 17 ) 1 3 0 0 3 ! ¢ ¢ ¥ 3 9 2 0 ) 13
12,0 1481 310 60 o o 0 1T B & ) - -1 9% 0 252 650




Working Interest Owners

ilom

Waskada Unit No. 4

Omega Hydrocarbons Ltd.
1300, 112-4th Ave. S.W.
Calgary, Alberta

T2P OH3

Other

Amoco Canada Resources Ltd.
240 -~ 4th Avenue S.W.
Calgary, Alberta

T2P 4H4

Enron 0il Canada Ltd.

1300, 700 - 9th Avenue S.W.
Calgary, Alberta

T2P 3V4

oject a

Sabre Energy Ltd.

800, 1122~4th St. S.W.
Calgary, Alberta

T2R 1M1

Tundra 0il & Gas Ltd.
1313 One Lombard Place
Winnipeg, Manitoba

R3B 0X3



Royalty Interest Onwers

om

Waskada Unit No, 1

The Canada Trust Company
230 Portage Avenue
Winnipeg, Manitoba

R3C 286

Que West Resources Ltd.
1110, 910 - 7th Avenue S.W,
Calgary, Alberta

T2P 3N8

Triton Canada Resources Ltd.

c/o Canadian Worldwide Energy Ltd.
4th Floor, 255 - 5th Avenue S.W.
Calgary, Alberta

T2P 3G6

Waskada Unit No. 4

M.D. Allison

3720 Garland Street
Wheat Ridge, Colorado
U.S.A. 80033

Dept. of Energy & Mines
Mineral Rescurces Division
Petroleum Branch

555 ~ 330 Graham Avenue
Winnipeg, Manitoba

R3C 4E3

John H. Spelliscy

14 Taggart Street
Regina, Saskatchewan
545 4G4

Reston Resources Ltd.
2311 - 12th Street S.W.
Calgary, Alberta

T2T 3N7

Dept. of Energy & Mines
Mineral Resource Division
Petroleum Branch

555 - 330 Graham Avenue
Winnipeg, Manitoba

R3C 4E3

PanCanadian Petroleum Limited
150 - 9th Avenue S.W.

P.O. Box 2850

Calgary, Alberta

T2P 285

The Canada Trust Company
230 Portage Avenue

Box 881

Winnipeg, Manitoba

R3C 286

E.A. McGregor

Box 164

Waskada, Manitoba
ROM 2E0

M.E. McGregor

Box 164

Waskada, Manitoba
ROM 2EO

A.I. Hainsworth
11633 - 203rd Street
Maple Ridge, B.C.
V4X 478



“2ell Canada Resources Limited

J0 - 4th Avenue S.W.
Calgary, Alberta
T2P 2H5

Page Petroleum Ltd.
i0th Floor

635 ~ 8th Avenue S.W.
Calgary, Alberta

T2P 3M3

Bran Van Enterprises Ltd.
240 - 1st Street
Brandon, Manitoba

R7A 529

Amoco Canada Ltd.

240 - 4th Avenue S.W.
Calgary, Alberta

T2P 4H4

Other

Brosco Fund Limited

c/o Tundra 0il & Gas Ltd.
1313 One Lombard Place
Winnipeg, Manitoba

R3B 0X3

Canada Permanent Trust Co.
1778 Scarth Street
Regina, Saskatchewan

Canadian Gridoil Limited
330 - 9th Avenue S.W.
Calgary, Alberta

J.E. Hainsworth
Box 99

Waskada, Manitoba
ROM 2EO

J.W. Hainsworth
Box 433

Deloraine, Manitoba
ROM OMO

Olive Hainsworth
Box 433

Deloraine, Manitoba
ROM OMO

J.W. Hainsworth
P.0. Box 433
Deloraine, Manitoba
ROM OMO

Petroventures Resources Ltd.
1400, 630 - 6th Avenue S.W.
Calgary, Alberta

T2P 0S8

Sceptre Resources Ltd.
2000, 400 - 3rd Avenue S.W.
Calgary, Alberta

T2P 4H2

Consolidated Trans-Canada
Resources Ltd.

350, 708 - 11ith Avenue S.W.
Calgary, Alberta

T2R OQOE4

K.A. Little/A.F. Ramseyer
Box 4100

Georgetown, Ontario
L7G 4Y4

D.E. McGregor

Box 33

Waskada, Manitoba
ROM 2EO

R.J. Hainsworth
Box 99

Waskada, Manitoba
ROM 2E0

C.M. Thomas
Hartney, Manitoba
ROM 0XO0

H.D. Meggison
Goodlands, Manitoba
ROM ORO
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Royalty Interest Onwers
Within One Kilometer of the Pilot Project Area

waskada Unit No, 1

The Canada Trust Company
230 Portage Avenue
Winnipeg, Manitoba

R3C 256

Que West Resources Ltd.
1110, 910 - 7th Avenue S.W.
Calgary, Alberta

T2P 3N8

Triton Canada Resources Ltd.

¢/o Canadian Worldwide Energy Ltd.
4th Floor, 255 - 5th Avenue S.W.
Calgary, Alberta

T2P 3G6

Waskada Unit No. 4

M.D. Allison

3720 Garland Street
Wheat Ridge, Colorado
U.S.A., 80033

Dept. of Energy & Mines
Mineral Resources Division
Petroleum Branch

555 = 330 Graham Avenue
Winnipeg, Manitoba

R3C 4E3

John H. Spelliscy

14 Taggart Street
Regina, Saskatchewan
548 4G4

Reston Resources Ltd.
2311 - 12th Street S.W.
Calgary, Alberta

T2T 3N7

Dept. of Energy & Mines
Mineral Resource Division
Petroleum Branch

55% - 330 Graham Avenue
Winnipeg, Manitoba

R3C 4E3

PanCanadian Petroleum Limited
150 - 9th Avenue S.W.

P.0O. Box 2850

Calgary, Alberta

T2P 285

The Canada Trust Company
230 Portage Avenue

Box 881

Winnipeg, Manitoba

R3C 2S6

E.A. McGregor

Box 164

Waskada, Manitoba
ROM 2EO

M.E. McGregor

Box 164

Waskada, Manitoba
ROM Z2EO

A.I. Hainsworth
11633 - 203rd Street
Maple Ridge, B.C.
V4X 4T8



1ell Canada Resources Limited

400 - 4th Avenue S.W.
Calgary, Alberta
T2P 2HS

Page Petroleum Ltd.
10th Floor

635 - 8th Avenue S.W.
Calgary, 2alberta

T2P 3M3

Bran Van Enterprises Ltd.
240 -~ 1st Street
Brandon, Manitoba

R7A 5729

Amoco Canada Ltd.

240 - 4th Avenue S.W.
Calgary, Alberta

T2P 4H4

Other

Brosco Fund Limited

c/o Tundra 0il & Gas Ltd.
1313 One Lombard Place
Winnipeg, Manitoba

R3B 0X3

Canada Permanent Trust Co.
1778 Scarth Street
Regina, Saskatchewan

Canadian Gridoil Limited
330 - 9th Avenue S.W.
Calgary, Alberta

J.E. Hainsworth
Box 99

Waskada, Manitoba
ROM 2EO

J.W. Hainsworth
Box 433

Deloraine, Manitoba
ROM OMO

Olive Hainsworth
Box 433

Deloraine, Manitoba
ROM O0OMO

J.W. Hainsworth
P.O. Box 433
Deloraine, Manitoba
ROM OMO

Petroventures Resources Ltd.
1400, 630 - 6th Avenue S5.W.
Calgary, Alberta

T2P 058

Sceptre Resources Ltd.
2000, 400 - 3rd Avenue S.W.
Calgary, Alberta

T2P 4H2

Consolidated Trans-Canada
Resources Ltd.

350, 708 - 11th Avenue S.W.
Calgary, Alberta

T2R 0E4

K.A. Little/A.F. Ramseyer
Box 4100

Georgetown, Ontario
L7G 4Y4

D.E. McGregor

Box 33

Waskada, Manitoba
ROM 2E0

R.J. Hainsworth
Box 99

Waskada, Manitoba
ROM 2E0

C.M. Thomas
Hartney, Manitoba
ROM 0XO

H.D. Meggison
Goodlands, Manitoba
ROM ORO



WASKADA UNIT NO. 4
ROYALTY INTEREST OWRERS

ADDRESSEE LIST

M.D. Allison

3720 Garland Street
Wheat Ridge, Colorado
U.S.A. 80033

Department of Energy and Mines
Mineral Resources Division
Petroleum Branch

555 - 330 Graham Avenue
Winnipeg, Manitoba

R3C 4E3

John H. Spelliscy

14 Taggart Street
Regina, Saskatchewan
$4S 4G4

Reston Resources Ltd.
2311 - 12th Street S.W.
Calgary, Alberta

T2T 3N7

Shell Canada Resources Limited
400 - 4th Avenue S.\W.

Calgary, Alberta

T2P 245

Page Petroleum Ltd.
10th Floor

635 - 8th Avenue S.W.
Calgary, Alberta

T2P M3

Consolidated Trans-Canada Resources Ltd.

350, 708 - 11th Avenue S.M.
Calgary, Alberta
T2R OE4

Amoco Canada Resources Ltd.
3300, 333 - 7th Avenue S.W.
Calgary, Alberta

T2P 2H8

T T

The Canada Trust Company
230 Portage Avenue

Box 881

Winnipeg, Manitoba

R3C 2S6

E.A. McGregor

Box 164 .
Waskada, Manitoba
ROM ZEO

M.E. McGregor
Box 164

Waskada, Manitoba
ROM 2E0

A.I. Hainsworth
11633 - 203rd Street
Maple Ridge, B.C.
VaX 4T8

J.W. Hainsworth
P.0. Box 433
Deloraine, Manitoba
ROM OMO

Petroventures Resources Ltd.
1400, 630 - 6th Avenue S.W.
Catgary, Alberta

T2P 0S8

Bran Van Enterprises Ltd.
240 - 1st Street

Brandon, Manitoba

R7A 519

Sceptre Resources Ltd.
2600, 250 - 6th Avenue S.W.
Catgary, Aiberta

T2P 347



Working Interest Owners
ithin One Kilometer of the Pilot Project Area

Waskada Unit No. 4

Omega Hydrocarbons Ltd.
1300, 112-4th Ave. S.W.
Calgary, Alberta

T2P OH3

Other

Amoco Canada Resources Ltd.
240 - 4th Avenue S.W.
Calgary, Alberta

T2P 4H4

Enron 0il Canada Ltd.

1300, 700 - Sth Avenue S.W.
Calgary, Alberta

T2P 3V4

Sabre Energy Ltd.

800, 1122-4th St. S.W.
Calgary, Alberta

T2R 1M1

Tundra 0il & Gas Ltd.
1313 One Lombard Place
Winnipeg, Manitoba

R3B 0X3
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NOTICE—UNDER THE MINES ACT

Omega Hvdrocarbons Ltd., Operator of Waskada Unit
No. 4 (*  unit’’) has made application under Section 20
of The Fewrolenm Drilling and Production Regulation for
approval of special drilling spacing units in a portion of the
unit (‘“the project area’’) outlined below. If the application
is approved, it is proposed to drill (4) wells at the approxi-
mate locations shown.

RANGE T4 Wi

/@‘“

. @ Enisbing preducer
W% Exinting weler ijection well
Ml Proposed sriling lostion

I no intervention in writing is received by the Board at
Room 309, Legislative Building, Winnipeg, Manitoba,
R3C 0V8 on or before December 14, 1990, the Board may
approve the application, -
Copies of the application may be obtained from:
Omega Hydrocarbons Ltd.
1300 Sun Life Plaza III
112-4th Avenue S. W,
Calgary, Alberta T2P 0H3
1-800-661-9257
The application may be viewed at the offices of the Petro-
leum Branch:
555-330 Graham Avenue
Winnipeg, Manitoba Waskada, Manitoba
(204) 945-6577 (204) 673-2472
Dated at Winnipeg, this 15th day of November, 1990.
H. Clare Moster
Deputy Chairman
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UNDER THE HIGHWAYS PROTECTION ACT
AND THE HIGHWAY TRAFFIC ACT

THE HIGHWAY TRAFFIC BOARD

Noticeis hereby given that a hearing of the Highway Traffic
Board will be held on Tuesday, December 4, 1990 at 10:00 hours
in Room 204-101 Weston Street, Entrance D7 Winnipeg,
Manitoba R3E 3H4. Phone: 945.8912.

Permits — Part I — Section 9 H.P.A. and Part HI — Section 17
H.P.A.
06/001/187/B/90 — David Breland

An application for a permit for a Dwelling (Residential) ad-
Jacent to PT.H. No. 1 {Service Road), R.L. 37, Parish of St. Fran-
culs Xavier, R.M. of Cartier.
01/044/193/A/90 — Brokenhead River Park Inc.

An application for a permit for an Access Driveway (Residen-
tiai) and a Public Street Access (Subdivision) onto PT.H. No. 44
(Service Road), SW. %, Section 5-13-8 East, R.M. of Brokenhead.
07/016/194/A/9) — Silver Creek Cattle Co. Ltd.

An application for a permit to Relocate an Existing Access
Driveway (Residential) onto PT.H. No. la, N.E. %4, Section
34-19-28 West, R.M. of Russell.
01/011/196/BC/90 — Winnipeg River Lions Club

An application for a permit for a Change in Land Use
(Residential to Commercial) and a Picnic Area adjacent to PT.H.
No. 1§, R.L. 2, Township 18-10 East, L.G.D. of Alexander (Power-
View).
03/032/197/A/790 — Suderman Bros. (1981) Lid.

An application for a permit for an Irrigation Reservoir adja-
cent 1o and an Access Driveway {Agricultural) onto PT.H. No.
32, SW. %, Section 10-1-4 West, R.M. of Stanley.
12/001/099/8/90 — Anglican Church of Canada

An application for a permit for an Off-Premise Sign
{Historical) adjacent to PT.H. No. | West, R.L. 54, Parish of
Headingtey, City of Winnipeg.

Speed Zones Sections 97 & 98 HT.A.
067-S-H — Mr. Duchek (Reeve) R.M. of St. Andrews
Consideration to be given to a speed reduction on PT.H. No.
67 between PT.H. No. 9 & P.R. No, 230, R.M. of St. Andrews.
002-S — Provincial Traffic Engineer
Consideration to be given to extend the modified speed zone
of 70 Km/h on PT.H. No. 3 southwest of its intersection with
PT.H. No. 2 a distance of 200 metres, R.M. of MacDonald,
502-§ — Mr. Paul Mclntosh
Consideration to be given to extend the restricted speed zone
of 50 Kmn/h northeasterly on P.R. No. 502 for 200 metres beyond
the Village of Lac du Bonnet boundary, R.M. of Lac du Bonner.
19000-5 — R.M. of Swan River
Consideration to be given to a restricted speed area of 50 Kni-h
on portions of the municipal road lying within the S.E. 14, Sec.
tion 17-34-29 West, R.M. of Swan River (Benito).
19000-S — R.M. of Swan River
Consideration to be given to a restricted speed area of 50 Km.h
on portions of the municipal road lying adjacent to the Northern
boundary of the N.E. '4, Section 7-34-29 West between the C.N R,
right-of-way and PT.H. No. 83, R.M. of Swan River (Benito).
The Highway Traffic Board will be prepared to consider al)
submissions written or oral on the above applications by contac-
ting the Secretary prior to or at the hearing,
A. POLTARUK, MMM D
Secretary,

15930—47 THE HIGHWAY TRAFFIC BOARD.

UNDER THE MINES ACT

Omega Hydrocarbons Lid., Operator of Waskada Unit No.
4 (**the unit""), had made application under Section 20 of The
Petroleum Drilling and Production Regulation for approval of
special drilling spacing units in a portion of the unit (‘“‘the pro-
jeci area”) outlined below. If the application is approved, it is
proposed to drill four (4) wells at the approximate locations shown.

RANGE 26 WPM PROJEGT
/ AREA
_ SECTION 23 lSECTIoN 24 [
I
|
[ ] I I -
8-23 524 | 6-24
B
z !
¢ —m——f—— - — - ——|-
= |
. ™ + .
1-23 4=24 324
|
SECTION 23 1 SECTION 24
SECTION 14 I SECTON 13

LEGEND
® Existing producer
®  Exisling water injection well
N Proposed drilling location

It no intervention in writing is received by the Board at Room
309, Legislative Building, Winnipeg, Manitoba, R3C 0VS on or
before December 14, 1990, the Board may approve the application.

Cop-ES(Iﬂ'th‘:d.\m)'mEJtion may be obtained from:

Omega Hydrocarbons Ltd.

1300 Sun Life Plaza IIi

112-4th Avenue SW,

Calgary, Alberta

T2P OH3

I-800-661-9257

The application may be viewed at the offices of the Petroleum
Branch;

555-330 Graham Avenue

Winnipeg, Manitoba Waskada, Manitoba

(204) 945-6577 (204) 673-2472

Dated at Winnipeg, this 15th day of November, 1990.

H. CLARE MOSTER,

15961—47 Deputy Chairman.
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The New I-rl, Mellta, Man., Tuﬂdly, November 20, 199

Waskada Ww.l.

The meeting was opened with
('Canada, the Creed and &
Remembrance Day poem as well as
Ptesmier Filmon's Remembrance
I3ay Message were read.

FWIC Mildred Millard on
“Direams*’ . The minuses and the
Treasurer’s repurt were given and
avcepted.,

$37.00 was given to the Peace
Garden Foundation Fund from
Fall Seminar.

he Correspondente was read,

Moved by Dorothy Howden,
seconded by Pauletie Trewin that
we change our meeting day hegin-
ning Jaouary 199 10 the Ird
Thursday of every month in the
Church ae two o'clock on a trial
bayis for 1 year. If members wish
to have a meeting in their home,
they contact the program commit-
tee. Lions will be contacted for a
change on the Community
£ alendar,

Dues remain &t $5.00 for 1he
199-91 year.

Branden Hospital's new phone
number is T26-1122.

The 4-1{ Supper for us is
December Sth al six o'clock in the
Uinited Church

We will send 32500 to the
¢hristmas Cheer  Board in
Hrandan.

November [5th we will go to
I!ram!(m 1o view Judy Morn-
ingsear's quilrs which are on dlsplay
at the Arts Centre and return via
Buissevain 10 have lunch at Wild
Rivse Emporium,

The foliawing are our officers
urrd Comumnittee Representatives for
fy-81:

Iresident: Fran Dickinson

vice: Muriel Radeliffe

Seeretary: Lorna Temple
Teeasurer: Paulette Trewin (Nell
1w to help)

Board Member: Fran Dickinson
winshine ¢ vmmittee: Vera Brown
« ancer and Auditor; Crace Trewin
I'rogram; Greace Trewin, Grace
Huooper, Muriel Radoliffe, Pat
Temple, Fran Dickinsan.
Agriculture:. Mitdred Millard
Fuucagion and Culture; Paulette
trewin

Uinity: Nell Thow

Canadian Industey: Mona Geudin

Home Economics and Henlth:
Muriel Radeiifie
International  Affairs: Dorothy
Howden
I.nvironment: Diane Kontrie
Crtizenship. Vera Brown
Nominating: Melba Stewart, CGrace
Huooper.
e
Waskada WT

President's Annuel Report
bv Fran Dickinson

Waskuda W1 has been con-
tubuting to 1he Llife of our com-
munity and country now for 70
vears. A special program and bir-
thuay cake was presented in con-
wingtion with the Southwest B
Seminar that we hosted in October
li1s year.

reresting discussions.

At each meeting a 2-1 minute
brief was given on one of the cight
Educational Commitice 1opics
which were: Canadian [ndustry,
Citizenship, International Affairy,
Home E¢. and Health, Education
and Cultural Affairs, Canadian
Unity, Agriculture, Environment,

We continue to support the 4-H
Program by donating trophics, ser-
ving lunch at their Achievernent
and holding a apecial entertainment
time for the members and leaders.
As well our group sponsored an an-
nual Canoer Tea, contributed 10 the
Family Services Tea and Bake Sale,
donated beoks to the Book Mart,
collected old cye glasses, sent gifts
at Christmas to the Mental
Hospital, donated toiletry items
and food 1o the Women's Shelier,
remembered former Waskada
restdents living in the Lodge and
Care Wing with fruit parcels a1
Chrisimas, cooked for a wedding,
served lunch at 8 member’s sale,
provided noon lunch at the Spring
Board Meeting and made dona-
tions to the Peace Garden, Pénnax
Bell and Pennies {or Friendship. To
celebrate WI Day in Fcbruary, we
heid a supper for members, spouses
and senior guests.

We contributed a quilt block and
sold tickets on this Regional Quilt.
Chur WI was represented at the two
Board Mectings, the Regionai and
Provineial Conventions and both
fall seminars, one at Waskada and
one at Douglas.

We welcomed one more memnber
to our group this year. 1t hus been

8 Tull year again but very educa-
tignal with 1he varied topics we
touched on. We look forward to a
new year af working fer Home and
Country and invite anyone in-
rerested to come join with us.

In
memoriam

Alexander Gordon;

Gone from us

But not forgotien,

Never shall thy memory fade.

"Round the spot

Where thou art laid,

—Laved and remembered,
Daryl, Dety, Juson.

MURRAY~ R. E. In loving
memory of Hobby, dear hushund
and father who pussed awuy
November 22, 1988,

When thoughts go back

As they aften do.

We rreasure the memory,

We have of you.

This day is remembered

And guietly kept,

No words are needed,

We'll mever forgef,

—Always missed and loved by
wife Lowise and family, lexie,
Barry, Lyle und Christine,

You're Invited

Parents and the General Public from Pierson, Melita and
Waskada aren are invited (o Melita School Gymnasium

Tuesday, November 27th
ut 7: 30 p.m,
to view a special presentation on

“Substance Abuse” —
“Be Excellent”

q hi

will ¢

the use of shdes, projector and

Iarge screen For ensy viewing,

Everyone Welcome—No Charge

NOTICE OF TENDER

Seuled, written tenders will be received by the Royal Bank,
Box 548, Deloraine, Manitobs, ROM GM0 Tor the following

described farmland:

q\|I'{k

FHEE %

,tbmry Notes ,
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With 1990 being the Inierna-
tional Year of Literacy, Manitoba
Young Reader’s Choice Award has
been develuped by the Manitoba
School Library Audic-Visual
Association along with other
organizalions.

The goals and objectives of this
award are 10 encourage indepen-
dent reading and 10 promote an
awareness of opur Canadian
suthors. It tepresents quality and
popularity in literature.

for the nomination list based on
their quality and reading appeal.
These tilles range from comic
novels, tull of wit and surprises to
perceptive tales ef adolescence,

When you read at leasi 3 litles
from the list of 15, you ar¢ then
cligibile 1o vote for your favourite
book!

The voling prooess is an exciring
way to Invelve readers and have
their personal reading preferences
acknowledged. So check these tilles
out at the library—1ake part—

Fifteen books have been chosen

Thank You

The Melita and Digtrict Chamber of Commerce Fall Pro-
mation Committee would like to thank the Melita Moer-
chants for thelr support in making our “‘Bonus Buck'
Promotion such r suceess, We wish 1o sckirowledge their
support and, that of their suppliers, in providing many
items for the suction and the draws,

Al the helping hands al the casino and auction were greaily
pppreciated and thanks to everyone for supplying lunch
and helping to raise some much-needed funds towards the
many chamber projects that are taking place at this fime,
We also wish 1o thank Thompson's Plastics for the dona-
tion of sdditional hlackjack table tops, Dick Harmon for
making such a super Job of the crown and anchor wheels
and to Allan Breemersch for the great job he dld as our
auctioneer.

““READ" —and cast a ballat!

ane

The higgest *“‘thanks’’ must go to the general public for
your support In making thiy a successful promotion for
without your participation we conld not have made any of
this happen

NOTICE—~UNDER THE MINES ACT

Omega Hydrocarbons Lid,, Operator of Waskada Unit
No. 4 ("the vnit”’) hay made application under Section 20
of The Petrolewm Drilling and Production Regulation for
approvat of special drilling spacing units in a portion of the
onit (*'the project area’") outlined helow. If the applcation
is approved, 11 is propesed to drill (4} wells al the approxi-
mate locations shown,
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The $¥: 1-2-25, WPM, Excepting all mines and
minerals within, upon, or under the said lands
and 10.2 acres representing yard site and grain
storage.

CONDITIONS OF TENDER:

1, Interested parties must rely on thelr own Inspection and
knowledge of the farm property.

2. Tenders must be received at the above office before
$:00 p.m., December 7, 1990,

3. Envelopes contalnlng tender must be marked *“Tender'’
and show the parcel on which the tender is being made.

4. The party submitting the accepted tender will be re-
quired to pay an amount equal to 10% of the purchase
price and execule an agreement for sale covering 23t the

Our year 1990 has been one of
lesruing and  serving. Program
tapics have be: Discussion of a pre-
sent issue, celebrating Manitoba's
Kt years of W1, Creating Healthy
Rural Commuynities, Farm Land
Ownership Board, Horticulture,
Health Care Alternatives, Financial
Management, Recycling and $ix-
ploring Land Indusiries {rcalizing
we hinve & 4real many in onr own
small com:nunity).

woll Call lopics; One of my
duties a3 & Canadian Cilizen, My
lavorite personal or family readi-
ton, Heallh Care Suggestions,

It no intervention in writing s recelved by the Board nf
Room 39, Legislative Building, Winnipeg, Manitobu,
RIC 0VR on or hefore December 14, 1990, the Board may
approve the application.,
Cupies of the application may be ebtalned from:

Omega Hydrocarbons Lid.

1309 Sun Life Plaza [12

112-4ih Avenue 5. W,

Culgary, Alberta T2 0H3

1-300-663-9257 .
The application may be viewed a1 ihe offices of the Petro-
teum Branch:

§55-330 Graham Avenue

What do you see in the future for
farmers?, My favorite plant, A
Manitoba Produce, Holiday
Hightights, Most inwcresting W1
Piogeam and What do you do 1o
berp yaurselt healthy. All these

Copbos e duced  lively and in-

terms and closing within 10 days from the date the {ender
is mccepted,
5. Highest or any tender nof necessarily nccepted,
Far further information, plaase contact
Kelth Wooldridgs at 747-3012,

Winnipeg, Manitobe
(204) 2456517

‘Waskada, Manl{oba
(204) 673-2472

Dated at Winnlpeg, this 15th day of November, 1990,

H. Clare Moater
Deputy Chadrman
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-y MARLENE BASKERYVILLE
Rebuilding sel-esteem

Ferling good about yourself,
or having high selfl-esteem, is
one 0l the most valuable assets a
persca can have, Self-esteem s
develeped over titne as we move
through  childhoed  into
adulthood. Love and acceptance
from parents. famnlly members
a:d friends help us feel good
aboul curselves. In additon, the
skills and abillties we develop
help us value the contributiona
we can make,

Farming gives a person
numerous opportunitles to
develop and practice skills and
abilltirs that help to bulld a
posltive seif inage. In many ways,
however, if the farm is tled too
closely 1o the permon's sell-Lnage
It canalso have a negative effect.
1f the farm income i decreasing,

which Is a facl of life for some
furm Tamllles, feelings of
Inadecpuacy are vislble in lols of
Invisible ways:

-negalive selltalk or Imagining
witit others are thinklng or
saving about you can cause loss
ol sleep and geneally wear you
down.

loxing  confidence  in
everyihing vouused lo be capable
of causes other paris of your life
lo pull apart.

-concentrating on only the
negative, palnls a realily that s
bleak and dark ang creates a
[eeling of hopeleaaness,

You can lake some steps lo
raise o damaged setac of self-
csieem. By speading soime Ume
with olhers who are™ in the same
boat™ you may come to realize
youare nolne 1ly tablame

st you as a Valuable person can
glve you a real boost.

You can learn 1o glve yoursell
the complliments you would like
to hear from others, You can put
the day's tasks on a llst and
enjoy checking ofl one after
another. You can learn to take
pride in the small things. And

separate your own value from
the profitability of the farmn
operatton.

If you walt for economic
success Lo give you sell-esteem,
you can be easlly disappolnted.
Real self-esteem comes from
Inside. Nothing and ne ¢ne can
take Il away except you, The

most of all. you can learn to choice I3 yours,

FARM LAND FOR SALFE

EARCEL L. PARCEL II:
NE-1/4 14-2-26, WPM SE-1/4 14-2-26, WPM

EARCEL 1L PARCEL [V:
NW-1/4 10-2-2G, WPM SW-1/4 14-2.26, WPM

PARCEL ¥; PARCEL YL
NW-1/4 14-2-26, WPM SW-1/4 10-2-26, WPM

EARCEL VI FARCEL VIIL:
NE-1/4 20-1-26, WPM SE-1/4 20-1-26, WPM

For turther information, contact Caug
Hooper at 673-2694 and Sheldon V.
Lanchbery at 747-2082.

LAND FOR SALE
NE 28-1-23
SW 33-1-23
Offers can be made for both quarters
or separately. :
Highest or any offer not necessarily accepted.

.~ Send offers to Box 327, Deloraine, by
November 30th or by phone 747-2679.

otors Litd.

DELORAINE MANITOBA

747-2696

WINTER SERVICE SPECIAL
FOR MOST DOMESTIC GAS
POWERED CARS AND TRUCKS

0Qil Change and Check Over

1 Ford Motorcraft Qil Filter
5 litres Ford Motorcraft Qll
Grease Job

Check All Fluid Lavels
Check All Belis

Spark Plug Tune-Up

Snack AllE Labour and Plugs

ack Exhaust

Check Brakes 4 cyt. Engine $25. 10

Check Air Pressure in Tires 6 cyl. Engine $35. 10
$ 1 9.99 B cyl. Englne $45. 10

jus Tax
Plus Tax i

Fuel Injectors Cleaned
Specialgood $35.70

until Dec 14/80 Plus Tax

lor the problems. Many of your
uepatlve feelings and reacilons
are niormal during this ditlicult
trunsition. Beiny with others who

New publication
lists rental and
custom charges

Atsome Umeinevery farmer's
Itie. machinery leasing or cus-
toin op=ralion becomes a necea-
ally. .

To help farmers and custom
operators calculate the cost of
thrse services, Manitoba Agri-
cuiture has Just reledsed the
1990 edltlon of Rertal and Cus-
iom Changes for Farm Machin-
er

1.

he 12-page guide and work
shetl contains approximately
houely rental rates and custom
churges for more than 40 kinds
of pradictlon equlprrent lnclud-
Ing tractors, combines, harvest-
ers, tlilage tools and seeding
equipment.

<rly Friesen, chief of Manl-
toba Agrculture’'s Engineering
Service s Seclinn, says the rates
atre bassd on the retall list price
of the nachine and allow {or de-
preclationn, intereast on invest-
ment, naintenance, repairs and
a 20 pec cent mark ujp.

With the work sheet included
In the guide, larmers can calcu-
late hoarly charges for a wide
range of equipment sizes.

Caples of Rental and Custom
Charyes for Farm Machinery are
avallabie from Jocal ag rep of-
fices.

NOTICE
UNDER THE MINES ACT

Omega Hydmcarbons Lig., Operator of Waskada Unit No. 4 ("The
unit’), has made application under Seclon 20 of The Petolaum
Drilling and Production Regulation for approval of special driling
spacing units in a portion of the unitthe project area, outlined below.
¥ the application is approved, it Is proposad to drillfour (4) wells at the

approximate locations shown.
RanGt 3w

| S S |

b
—cnonry L g
wonau Y [ J -
Lsaon
* akiig
™ Lung w roee we

W Proposed criling logmimn.
I no intervention in writing is receivad by the Board at Reom 309,

Legislative Building, Winnipeg, Maniioba, R3G 0V8 on ot before
Decambar 14, 1990, the Board may approve 1he application

Copiss of the application may be obtained trom _

Omaga Hydrocarbons Lid,
300 Sun Lite Plaza lll
112-4th Avenue 5.W.
Calgary, Albanta

T2P QH?

1-800-661-9257

The application may ba viewaed al the offices of tha Petroleum Branch
555-330Graham Avenue !
Winnipeg, Manitoba
(204)945-6577

Waskada, Manitoba
(204) 673-2472

Daled at Winnipeg, this 15th day of November, 1980
H. Clare Mosier
Daptily Chalrman

NOTICE OF TENDER

Sealed, written tendars for the properties described balow will
be received by:
Meighen, Haddad & Co.
Barristers & Solicitors
P.O. Box 485
Deloraine, Maniloba
ROM OMO

All11-1-26

E-1/2 29-1-27 exc. Road Plan 332
NE-1/2 19-1-27

NE-1/4 35-1-28

1. Tenders must be received on or before 3:00 p.m., Decerm-
bar 17, 1990.

2. Tenders maybe mada on individual parcels ortha property
as a whole.

3 Eachtender must be accompanied by a $1,000.00 cheque
deposit payable 1o Meighen, Haddad & Co. Depasits accom-
panying unacceplable tenders will be refunded.

4. Highest or any lender not necessarily accepled.

5. Any or all of the above parcels may be withdrawn from
tender by the Vendor.

6. All mines and minerals excepted.

JEEMS AND CONDITIONS QF SALE;

1. The bidder whose tender is accepled will De required to
complate an agresment covering the terms and conditions of
sale.

2. In addition to the deposit, the balance of the accepted
tender must be paid within 60 days from the date of notilica-
tion of {ender acceptance, or evidance provided that the
purchase funds will be avaitable under conditions acceptable
lothe Vendor. If the balance of the accepledtenderis not paid
wilhin the set time limit, 1he deposil made may be forleited as
liquidaled damages and noi as a penally.

3 Possession is not authorized until acceptable arrange-
ments for full payment are made foilowing acceptance of
tender.

Far further detalls or an appointment 1o view, contaci:
Bill McKinngy
Box 70
Waskada, Manitoba
ROM 2EQ
Phone: 673-2424




Manitoba 777 93
owe  wvember 15, 1990 Action / Route Slip

By H. Clare Moster From: John N, Fox
Deputy Chairman Chief Petroleum Engineer
RE: Omega's Reduced Spacing Application Telephone:
D Take Action l:] Per Your Reguest D Circulate, Initial [j For Approval and D Make Copies
and Return Signature
D May We Discuss I:l For Your Intormation D Return With Comments I:] Draft Reply for EI Please File
or Revisions Signature

Comments: Omega has responded satisfactorily to the Board's deficiencY letter. Attached is the

proposed notice of Omega's application. The notice will be

{1) published in the Melita and Deloraine papers

(2) sent directly to the (a) surface owners in the project area

o o “532) working interest owners and rovalty owners in Waskada Unit No.4

-~ A
g A 7o <
7?‘:12‘91- RO ,.,www&aﬁ[‘\‘ ;(c) Enron, Chevron and Tundra
. W*—vi ;“"T'd:‘m (d) Surface Rights Association 7

AT ]

)8 — ——
MG-1295 PG--182 8940100671 M/MM WL‘L /.Iwg"&‘b Mwmﬁx//{fw’-‘— .




Manitoba 2B
s November 15, 1990 Action /7 Route Slip

o H. Clare Moster from: John N. Fox
Deputy Chairman Chief Petroleum Engineer
RE: Omega's Reduced Spacing Application Telephone:
D Take Action - G Per Your Request D Circulate, Initiai D For Approval and D Make Copies
and Return Signature
[7] May We Discuss {71 For Your information D Return With Comments [ ] Draft Reply far [[] Please File
or Revisions Signature

Comments: Omega has responded satisfactorily to the Board's deficiency letter. Attached is the

proposed notice of Omega's application. The notice will be

(1) published in the Melita and Deloraine papers

(2) sent directly to the (a) surface owners in the project area

(b) working interest owners and rovalty owners in Waskada Unit No.

{¢c) Enron, Chevron and Tundra

{d) Surface Rights Association

MG-1268 PS-1-182 8940100679



Royalty Interest Onwers
Within One Kilometer of the Pilot Project Area

. 10%;0
Waskada Unit No. 1 d 4o > o
The Canada Trust Company"f ool airres - Pleene gy & Mines
230 Portage Avenue _ Ceede Wi rce Division
Winnipeg, Manitoba '}3 Mel. tn ¢ Delenar—  2ch
R3C 256 Fﬁ$4~g AL Meb ol 12m Avenue
' B. _toba
e S0
Que West Resources Ltd. A PanCanadian Petroleum Limited ¥

1110, 910 - 7th Avenue S.W.
Calgary, Alberta
T2P 3N8

X

Triton Canada Resources Ltd.
c/o Canadian Worldwide Energy Ltd.
4th Floor, 255 - 5th Avenue S.W.
Calgary, Alberta

TZ2P 3G6

Waskada Unit No. 4

M.D. Allison

3720 Garland Street
Wheat Ridge, Colorado
U.S5.A. 80033

Dept. of Energy & Mines
Mineral Resources Division
Petroleum Branch

555 = 330 Graham Avenue
Winnipeg, Manitoba

R3C 4E3

John H. Spelliscy

14 Taggart Street
Regina, Saskatchewan
S45 4G4

Reston Resources Ltd.
2311 - 12th Street S.W.
Calgary, Alberta

T2T 3N7

150 - 9th Avenue S.W.
P.0. Box 2850
Calgary, Alberta

T2P 255

The Canada Trust Company
230 Portage Avenue

Box 881

Winnipeg, Manitoba

R3C 256

E.A. McGregor

Box 164

Waskada, Manitoba
ROM 2EQ

M.E. McGregor

Box 164

Waskada, Manitoba
ROM 2EO

A.I. Hainsworth
11633 - 203rd Street
Maple Ridge, B.C.
V4X 478



“~ell Canada Resources Limited
.0 - 4th Avenue S.W.

Calgary, Alberta

T2P 2HS

Page Petroleum Ltd.
10th Floor

635 - 8th Avenue S.W.
Calgary, Alberta

T2P 3M3

Bran Van Enterprises Ltd.
240 - 1lst Street

Brandon, Manitoba

R7A 529

Amoco Canada Ltd.

240 -~ 4th Avenue 5.W.
Calgary, Alberta

T2P 4H4

Other

Brosco Fund Limited oy

c/o Tundra 0il & Gas Ltd. | O
1313 One Lombard Place
Winnipeg, Manitoba

R3B 0X3

Canada Permanent Trust Co. ¥
1778 Scarth Street
Regina, Saskatchewan

Canadian Gridoil Limited V¥
330 - 9th Avenue S.W.
Calgary, Alberta

J.E. Hainsworth
Box 99

Waskada, Manitoba
ROM 2EO

. %
J.W. Hainsworth
Box 433
Deloraine, Manitoba
ROM OMO

0live Hainsworth %
Box 433
Deloraine, Manitoba
ROM OMO

J.W. Hainsworth
P.O. Box 433
Deloraine, Manitoba
ROM OMO

Petroventures Resources Ltd.
1400, 630 - 6th Avenhue S5.W.
Calgary, Alberta

T2P 058

Sceptre Resources Ltd.
2000, 400 - 3rd Avenue S.W.
Calgary, Alberta

T2P 4H2

Consclidated Trans-Canada
Resources Ltd.

350, 708 - 11th Avenue S.W.
Calgary, Alberta

T2R 0E4

K.A. Little/A.F. Ramseyer ¥
Box 4100

Georgetown, Ontario
L7G 4Y4

D.E. McGregor

Box 33

Waskada, Manitoba
ROM 2E0Q

R.J. Hainsworth.*‘
Box 99

Waskada, Manitoba
ROM 2EQ

C.M. Thomas B4
Hartney, Manitoba
ROM 0XO

H.D. Meggison WJ
Goodlands, Manitoba
ROM ORO



Working Interest Owners
Within One Kilometer of the Pilot Project Area

Waskada Unit No. 4

Omega Hydrocarbons Ltd.
1300, 112-4th Ave. S.W.
Calgary, Alberta

T2P OH3

Other

Amoco Canada Resources Ltd.
240 - 4th Avenue S.W.
Calgary, Alberta

T2P 4H4

Enron 0il Canada Ltd.

1300, 700 - S5th Avenue S.W.
Calgary, Alberta

T2P 3V4

Sabre Energy Ltd.

800, 1122-4th St. S.W.
Calgary, Alberta

T2R 1M1

Tundra 0il & Gas Ltd.
1313 One Lombard Place
Winnipeg, Manitoba

R3B 0X3

~C CHEVROM  Can ATSA  RESouwRee
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THE STRESS REGIME OF THE WESTERN CANADIAN BASIN AND
IMPLICATIONS FOR HYDROCARBON PRODUCTION o

3.S. Berl' anp E.A. Bascock®

ABSTRACT

In the Western Canadian Basin. overcoring meusurements. hydraulic fraciures. bed-slip movements und wellbore breakouts suggesta
comemporary siress regime where from surfice 10 aboul 350 m depth Sramen” Stimin> 5o from sbout 380 m Lo sboul 2N m depth
Stiuas > 5. > Srimine #0d below aboul 2300 m S, > Shimus > Shmin: Shmae 8ppears 10 be oriented NE-SW, approximately perpendicular
10 the sirike of Rocky Mountain thrust faulls, except over the Peace River Arch and other basement vplilts that appear to refract the

siress trajectories.

Hydraulic fraciures will propagate aslong planes normal 10 the least principal stress. Thus, above about 330 m such fractures will be
horizontal. and beiow that depth they will be vertical and oriented parallel 10 Spmaa- Knowledge of the siress configuration will assist
directionat drilling and planning of waterflood well configurations. This knowledge is also essential for planning multifractured inclined
wells. such as might economically drain Deep Basin tight gos sunds. Anisotropic horizontal principsl siresses may have affecied the
Western Canadian Basin since the onset of the Laramide orogeny and induced non-uniform horizontal permesbility Tabrics in Mesozoic

sandsiones.

The Western Canadian Basin is part of a widespread North American midcontinent siress province that e xhibits 3 common orientulion of
compressive stresses. Itis speculated that this stress regime is Jargely cavsed by NE-directed drag exerted onthe base ol the lithosphere by
a mantle convection cell which upwells beneath western North America.

REGIME DE TENSION DU BASSIN SEDIMENTAIRE DE L'OUEST CANADIEN.
APPLICATION A LA PRODUCTION D'HYDROCARBURES

Resume

Duns le bassin sédimentaire de I'ouest canadien, des mesures de surcaroltages de forages. des fructures hydrauliques, des plans de
glissement et des fructurations/écroulements de puils suggerent un régime de tension ob Stmee SHmia >3, de la surfuce & 350 m
de profondeur. Syme™S.>Simia ¢ 350 m 3 2300 m de profondeur ct 5.7 Stmar™ SHmin en-dessous de 2500 m de profondeur.
Siemas UFaIL Une orientation nord-esi/sud-ouest. & pev pris perpendiculaire A 1a trace des chevauchements des Montagnes Rucheuses.
wauf wo-dessus du Peace River Arch el 3 aulres soulévements de socke yui semblent réfracter les Irajectoires de 1ension.

Les fracturcs hydrauliques se propagent Je fong des plans perpendiculuires 3 la composante minimale de tension. De telles fraciures
scront ainsi horizontales au-dessus de 350 m de profondeur. et verticales paraliéles 3 Spp. tn-dessous. La connaissunce des
configurations de régimes de tension faciliterait Ies forages orientés ainsi que la planihication des forages ¢injcction. Ces donndes sont aussi
dxsenticlles pour planifier les poits inclinés avee fractures & orientations multiples 1els qu'ils puissent drainer économiquement les grés peu
perméables du Decp Basin. Le bussin sédimentaire de F'oues! canadien aurait é1€ soumis 3 des tensions & compusante principale
horizontale et anisutropique depuis Je Jdébul de Noropénése laramienne: ceci aurait produil un régime 3 perméabilité horizontale trés peu

uniforme au sein des grés mésozoiques.

Le bassin sédimentaire de I'oucst canadien fait partie d'une province au centre du continent pord-américain ayant une compusante de
compression communc. Le régime d¢ Tension serail causé, en mitjeure partie, par une cellule de convection du manteay remontant en-

dessous Je I'Amérique du Nord ct trainant la base de la lithospher

INTRODUCTION

The purpose of this paperis to summarize and intcrpret
afl available information on the present-day state of stress
in the Western Canadian Basin, and tointerpret the implica-
tions of the stress regime for hydrocarbon production.

Siress magnitudes have been measured by overcoring
and hydraulic fracturing. Principal stress directions have

¢ vers le nord-est.

Traduction: André Zolnai et Jean Pelletier

been determined from overcoring, induced-fracture orier
tations. wellbore breakouts, stress and strain gauge grid
and bed slips in recent excavations. Horizontal sire:
anisotropy is inferred from the presence of breakouts.
By far the largest body of data is provided by wellbor-
breakouts, and this paper reports analyses from 154 well
Mean breakout azimuths from 94 of these wells have bec

' Atlantic Geoscience Centre. Geological Survey of Canada, P.O. Box 1006. Dortmouth, Nova Scotia B1Y 4A2
*Atberta Research Council. P.O. Box 8330, Posta! Station F, Edmonton. Afberta T6H 2 .

During the some eight years of their research. the suthors have received prints of uncomputed dipmeter logs from many oil companies
and had invaluable discussions with J.W. Cox. M.B. Dusseash, C.K. Fordjor. D.1. Gough. J.M. Gronseth. K.Y. Lo, and R.E. Wyman,
A.), Deal. C. Lambert. S. Leung and A, Podrouzek assisicd in data collection and reduction. 1.S. Bell is grateful for encouragement and

sppon from B.P. Canada Resources Lid. and the Geological Survey of Canada. E.A. Babcock's research has been supported by the
wural Science and Engincering Research Council of Canada. The manuscript was typed by Nelly Koziel: G.L. Cook drafied the figures:
.nd the 1ext has benefited considerably from the suggestions of J.M. Dizon. D.1. Gough. A.C. Grant. J. Kramers and G. Stockmal.

T opyright * 1998, Canadian Socicty of Prirulewm Geulugists



published previously (Babcock. 1978: Gough and Bell,
1981 Fordjor and others. 19831, but logs for each of these
wells hive been reviewed for this study und. in some
cas  the results have been revised {sec Appendin).

Analyscs of 60 additional wells ure alsoincluded., extend-
ing coverage into the Rocky Mountain Foolhills. south-
castern Alberta, and Suskatchewan, )

STRESS MaGNITUDE

The stress ficld at a point can be represenicd by three
principal stresses (Jaeger and Cook, 1976). which are iden-
tified in this paper as 04, vs, and oy for the maximum.
intermediale, and minimum principal compressive stresses.
respectively. One of the principal siressesis approximitely
vertical and is designated here S,. The greater and lesser
horizontal principal stresses are lubelied Sym.. and
SHmin‘

Al the present time, there is not a large amount of
published information on in sini stiress magnitudes in west-
ern Canada. Most of the measurements have been made
either at shallow depths in tar-sand units or at depths of
2 km 10 3 km in Mesozoic sandstones and shales of the
Decep Basin. No measurements in carbonatc sequences
have been reported.

Table § lists published stress magnitude measurements:
their locations are shown in Figure |. In Figure 2. the
inferred principal stress magnitudes are ploticd against
depth. This is & somewhat arbitrary approach because it
groups data from several widely separuted areas where the
stress profiles may differ. However, it does argue for an
anistropic stress regime in the Western Canadian Basin.

The ratio of the preater horizontal principal stress to the
lesser appears lo be of the order of 1.3 to 1.6 (Table 1).
Except al shallow depths, as at Wabasca in north central
Alberta (Fig. 1), Symin appears to be the lcast princi-
pal stress. provided the vertical siress is lithostatic.

The siress magnitudes reported by Kaiser and others
(1982) for the Kipp Mine in southern Alberta arc based on
direct measurements by means of multipoint extenso-
meters and borehole stresschange pauges. 5o that Sypp
and Symia Werc measured independently. The princi-
pal stress values reported by Holzhausen and others (1980),
Imperial Oil (1978). Settari and Raisbeck (1978), Wyman
and others{1980), Kry and Gronseth(1982)and McLennan
and others (1982) are derived from hydraulic-fracturing
results. With appropriale interpretation. the instantancous
shut-in pressure will be equal to the lesser horizontal
principal stress (Gronseth and Kry, 1983). The greater
horizontal principal siress can be estimated from the
relationship:

SHmax = ISkmin — P, - Py ()
where P, is the reopening pressure and P, is the pore
pressureinthe rock (Bredehoeft and others, 1976). Wyman
and others (1980) described massive hydraulic fracturing
of the Cretaceous Fahler sandstone between depths of

2021 mand 2066 minthe Canhunter Texcan | 1-12-71-13We
well. They stated that the mean pradien: - fracture propa-
gation was 19.7 KPa/m. which is equi™ ent 10 between
39.7 and 40.7 MPa over the fractured in.. rval. Reopening
ol fraciures occurred at pressures excecding 42,1 MPa,
and the pore pressure in the sundstone was 15.2 MPa. If
the fraciure propagation pressure is equated 10 the lesser
horizontal principal stress Synin. equation () yiclds
Stmay values in the 61.8 to 64.8 MPa range. These
values are listed in Table 1. together with a vertical stress
estimate based on the lithostatic stress (the load cxerted
by a column of rock plus pore fluids of mean density
2500 kg/m").

As can be seen, the picture of siress magniludes in the
Western Canadian Basin is far from complete at the pres-
enl time. The capability of different rocks to transmit
stress laterally is kaown to vary, and this is vividly illus-
trated by Kry and Gronseth's (1982) Stmin measure-
ments of 30 MPa and 36 MPa in, respectively, shale and
sandstonc sequences thal were separated vertically by
only 28 matlocality 8 (Table I, Fig. 2). True stress profiles
are nol likely 10 exhibit uniform increases with depth
{Rosepiler, 1979), although the widespread reference 10
““fracture gradients’* by petroleum cngineers might sug-
gesl otherwise. In practice, fracture gradients give ayscful
indication of the average change of Sy, wilh depth
ina basin, and information of this type for many oil and pas
fields in the Western Canadian Basin is known 1o company
production engineers. Figures runging between 0.7 psiM
(15.8 KPa/m) and 0.9 psi/ft (20.4 KPa/m) arc used: Wyman
and others {1980) rcport a fracture gradient of 0.87 psi/ft
(19.7 KPa/m) for the Deep Basin area.

Indications of reative principal siress magnitudes at
shallow depths in central and eastern Alberta are given by
induced-fracture orientations at heavy oil and pilot plants
(Table 2). Above approximately 350 m. induced fraciures
are horizontal., which implies that ;. the least principal
stress, is vertical. Below that depth. the vertical induced
[ractures imply that o, is horizontal. . .

This information sugpests the following stress magni-
tude model. From the surface to depths of the order of
350 m, ¢, and o, are probably horizontal and o,
vertical. Below this, 1o depths of approximately 2500 m,
oy and oy are horizonlal and o, vertical. At greater
depths, o, may become vertical: but it should be noted
that this interpretation is based on SHmax Values which
are inferred., nol measured. and on the assumption that the
vertical stress, S,. is equivalent to the lithostalic load.
Hence, the stress field appears 10 be that associated with
strike-slip faulting in the top 2500 m. but may be of normal
faulting type at greater depths.

PrRINCIPAL STRESS DIRECTIONS

In this paper it is assumed that one principal stress is
vertical, or nearly vertical. and oriented normal 1o the

| RN



1o0:
7. Depth  Location Rock Type Sumas
182 - Kipp Mine Shale.sillsione 425=06
1BC Gpp Mine Shale:silisione 50
2 240 m Wabasca Poortly consolidated
sandstone
317 m Gregore Lake Poorly consolidated
sandsione
4 417 m Cold Lake Poorly consolidated
sandsione
420 m Cold Lake Poorty consolldaled
sandstone
5 457 m Cold Lake Pootly consolidated
sandsione
6 2021-  11-12-71-)3W6 well Deep Basin 61.8-648
2066 m sandstone
T 2073 m c¢-161 Sandsione 63-71
93-P-1 well
2095 m c-16- Sandstone 51-57
§3-P-1 weil
2128 m c-16-1 Sandstone 61-63
93-P-1 well
2149 m c-16-| Sandslione 65-72
83-P-1 well
2165 m c- 161 Sandstone/shale  62-65
93-P-1 well
B 2213 m 10-16-69-11W6 well Shale 40
224Y m 10-16-69-1tW6 well Sandsions 51
7 2269 m c-16-1 Sandslone/shale  62-63
93-P-1 well
2679 m c-16-1 Sandstone/shale  60-77
§3-P-1 well
2699 m c¢-6-1 Sandsione
93-P-1 well
2717 m c-16-1 Shale 59-71
S3-P-1 well
2740 m c-16-} Shale
93-P-1 well -
2750 m c-16: Shale
93-P-1 well
2765 m c-1o-i Sandsione/shale
93-P-1 well
9 2092 m 1-12-35-7WSwell  Calcareous
siltsione
2996- 1-12-35-7W5well  Sandsione/
009 m siltslone

Sm,. sﬂmanf
(in MPa2) S, Sumin  Method Source
~30 36 1.4 Overconing  Kaser and others, 1982
a3 42 15  Overconng Kaiser and others. 1982
64-.77 5861 Hydraulic Setiari and Raisbeck, 1678
lraciure
56 7.0 Hydraulic  Holzhausen and others, 1980
fracture
98 10.4 Hydraulic Setlari and Raisback, 1978
fracture
79-91 111121
9.0 11.25 Hydraulic  Imperial O, 1978
lracture
39.7-40.7 50.4-51.7 16 Hydraulic inlerred Irom Wyman,
Iracture Holdiich and Randolph, 1980
40.7 50.2 1.6 Hydraulic  Kry and Gronseth, 1982
fraciure
us 527 1.6
8.6 53.3 1.6
423 538 1.6
39.0 543 1.6
30 1.3 Hydraulic  Kry and Gronselh, 1982
fracture
36 1.4
451 66.7 14 Hydraulic  Kry and Gronseth, 1982
fracture
443 67.0 1.5
45.2 67.5
440 68.0 1.5
46.2 68.5
451 68.8
46.6 69.1
60.0 748 Hydrautic  MclLennan and others, 1982
fraclure
61.0 75.1

Table 1. Stess-magnilude measurements in the Westemn Canadian Basin.

mcan lopographic surface, Stress measurements from vari-
ous parls of the world support this assumplion (McGarr
and Gay. [978).

In contrast to the limited availability of stress magnitude
mcasurcmenis, there are numerous indications of the ori-
entations of the principal horizontal stresses in the West-
ern Canadian Basin. Table 3 lists Symax asimuths
derived from overcoring measurements, induced fractures
and surficial siress-reliel phenomena. The locations of
these stress-oriented indications and their azimuths are
shown in Figure I.

OvERCORING ., INDUCED FRACTURES AND STRESS-RELIEF
FEATURES

Around Exshaw and in the Kananaskis Valley, Bell
*1985) reporicd updip bed slip in recently excavated road
cuts and concluded that this movement represented surfi-
cial stress reliel in the Sy.a, direction. Nearby, in

the Wilson Mine at Canmorc, Grant (1970) rcported.
SHmax determinations from (wo overcovercd bore-
holes drilled in the mine roof. The more reliable rcadings
suggest an approximately ENE orientation for Syyma..
Overcoring measurements at the Kipp Mine gave similar
Stmax azimuths {Kaiser and others, 1982).

McLeod (1977) reported fluid communication between
NE-SW-aligned wells during water flooding of **)"" lease
in the Pembina oil field (Location 13, Figs. | and 7). Gough
and Bell (1981) interpreted this behaviour as resulting
from induced vertical hydraulic fracturing of the Cardium
sandstone normal (0 Sym. 2nd they therefore inferred
that Syymex Was oriented NE-SW.

Hassan (1982) analyzed the results of fraciure stimula-
tionin Amoco’s **F"' lease in the same ficld and noted that
where injection and production wells lay on a NE-SW
trend, fracturing caused a 135 percent increase in the
water-to-oil ratio (Location {4, Figs. | and 7). In the
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f “j | e Western Canadian Basin, byt they do not provide a focussed
/ 2 EE S . picture of the principal stress configuration, Fortunately,
e ittt Wil - ush o some details can be filled in by breakout azimuths.
i [ " N
» s and BreakOUTS
Flg. 1. Locations of in sity siress magnilude measurements .
otieflganonshlheWeslemCanadian Basin and Rocky Mountains, Depths, The walls of boreholes spall 50 as 10 produce intervals
rock lypes and siress-magnitude values for numbered locations are ksted with

noncircular cross sections which have long axes that
in Table 1.

share a common mean orientation {Cox, 1970: Babcock,
ncarby Violet Grove “*AB’" leasc. where injection and  1978). Such spalled intervals are defined as breakouts in

production wells are offsct along u N-S axis. post-fraciure  cases where the shorter diameter of the borchole corres-
increases in the water-10-oil ritio averagedonly [9percent.  ponds 1o the drili-bit diameter. Breakouts exhibiting well-
Again, this flow patiernis consistent with NE-SW-oriented grouped azimuths have been reporied in the Yukon and
vertical hydraulic fractures being induced along the Northwest Territories, the Canadian Arciic, Western
Stimas azimuth (Hubbert and Willis. 1937). Canada, Quebec and the Maritimes, various areas ijp the

A similar stress configuration appears 10 exist a1 Cold  United Siates, Europe, Africa, Asia, Austratia and the
Lake, where Imperial Oil (1978) report propagating frac-  East Pacific Ocean (Cox, 1983; Bell and Gough, 1983;
tures between wells at depths of approximately 450 m.  Newmark and others, 1984). In all arcas where reliable in
Imperial Oil noted that the observed Nluid movement at  situ stress Mmeasurements are available, the mean breakout
Cold Lake during steam injection was mainly in a pre-  axes can be showh to be panalle] 1o Stmia and there.
ferred NE-SW direction, and their planned well configura-  fore perpendicular to Stimas- This relationship is well
tions in several proposed pilot plants suggest that the  established empirically and strongly supported by theory
induced fractures were expected 10 be oriented between (Bell and Gough, 1979; Goughand Bell, 1982; Zoback and

Company — Location Depth Fracture Type Fracture Pressure Data Source
Shel Canada — Athabasca 457 m Horizontal Not reporied Nicholts and Luhning, 1977
Mobll Canada — Athabasca 1158 m Horizontal Not reported Nicholts and Luhning, 1977
AOSTRA lwmac — Athabasca above 152.4m Horizontat Not reported Nicholls and Luhning, 1977
Amoco Canada — Athabasca 183-274 m Horizontal Not reporied Nicholls and Luhning, 1977
Gulif Canada — Wabasca 2438 m Horizontat 64-7.7 MPa Nicholls and Lubning, 1:77
Setiari and Raisbeck, 1978
Gult Canada — Gregoire Lake 3MIm Vertical/ ; 5.6- 9.9 MPa Holrhausen and others, 1980
horizonta
Shell Canada — Athabasca J30m Horizontal Not reported Doscher and others, 1963
Atiantic Richfield — Athabasca 3658 m Vertical Not reported Nicholls and Luhning, 1977
Es30 Resources — Cold Lake 457.2m Vertical NE/SW 9.0 MPa imperial 04 Lid., 1978
AOSTRA/Shel -— Peace River 548.6 m Nol reporied above 7.6 MPa Nicholls and Luhning, 1977

Table 2. Reported lraciures In heavy oil sand in ity piiot plants.



L~¢ Mo, Depth Localion Sumas Indicator Data Source
10 Surface Exshaw 049" Updip bed shp Bell {in press)
B! Surlace Kananaskis Valley 032" Updip bed ship Bell {in press)
1 152 m Kipp Mine ~ 090° Overconng Kaiser and others. 1982
) 180 m Kipp Mine 070" = 20° Overcoring Kaiser and others. 1982
12 240 m Canmore 055" - 066" Overcoting Granl, 1970
£ 457 m Cold Lake 030" - 045 Induced hracture Granl, 1970
13 1615 m Pembina Qil Field = 0457 Inerredinduced Mcleod, 1977
“J" lease fraciures
14 1675 m Pembina Qil Field ~ 045° inferredinduced Hassan, 1982
“F" lease lractures

Table 3.7 Principal horizontal stress otienlations indicated by overcoring. induced tractures. and surficial siress-rekiel phenomena.

TOOL ORIENTATION

CALIPER BREAKOUTS
L] 3 5 w N EXTENSION  {depins below KB )
- 10 207 W0’ 0w 20 Wem

Mean

Azmulh
luum

128

nIr

b r 2

BT BZE e

Fig. 3. Dipmeler record of lour breakotsts in the Nairb Pelraleumns
Pembina 1-8-50-12WS5 well as documenied on the unprocessed kog. The
breakouts are characlerized by difterential extension of the two pairs of
cafiper arms and concurrent nonrolation of the dipmeter tool while two

cafiper arms are locked inlo the elongated, pseudo-eliiptical breakoul
zone. The azimuths of the long axes of breakouts are calculated trom the
wol-orientation record after comrecting for the magnetic declination al the
woll gile.

others, §1985). 1t is now clear that breakouts will reliably
indicate the orientations of the principal horizontal stresses
affecting the borehole in which they have been measured.

BREAKOUTS IN THE WESTERN CANADIAN Basin

Because of the width of the spalled sections of borehole
walls that have broken out, breakouts can be felt by the
hydraulically extendible pads of four-arm dipmeter tools,
These tools are generally raised up wells at approximately
10 m/minute, and the cable is torqued 50 as to cause the
tool to rotate clockwise. This rotation ceases if one or both
vads of a pair are trapped in a breakout. Breakouls are

recognized on the uncomputed dipmeter log from the records
of the azimuth of the No. | caliper and the extensions of
calipers 1-3 and 2-4, as described below and. in more
detail. by Babcock (1978). Beli and Gough (1981, 1983).
and Cox (§983).

Figure 3 illustrates an uncomputed four-arm dipmeter
record. The curves on the far right of the log record the
diameters measured by the two pairs of opposed calipers.,
with diameter increasing lo the lefi. Tool oricntation is
indicated on the left side of the log. where the solid curve
records the azimuth of caliper | with respect 10 magnetic
north. A typical breakout zone is present from 2687 m to
2671 m. Over this interval. opposed calipers 2 and 4 record
a hole width of approximalely 24 ¢cm. equivalent to the
diameter of the drill bi1 ¢22.7 cm). Calipers 1 und 2 record i
varying borehole diameter whichgencrally ranges between
28.5 cm and 31 cm. The curve recording the compiss
azimuth of caliper t ncar the base of the figure shows that
the tool had been rotating clockwisce as it was drawn up the
well. At 2687 m. tool rolution ceased. calipers | and 3
became fixed within the elongimed breakout. and the dipmeter
was drawn up the borcholc with caliper 1 oricnted at un
average azimuth of 299°. Adding the magnetic declination
(23°) we obtain an azimuth of 322°, or 142°. for the breakout.
Like other breakouts of any length. this onc shows varia-
tions of azimuth of 10 10 20 degrees. Some of this is
presumably a result of variation in the fit of the dipmcter
pads into the fractured borehole wall. byt some nrobably
reflects true variation in the azimuth of the long diameter.
Borehole leleviewer records of breakouts document a sim-
ifar vertical variation in azimuth over breakout zones (Plumb
and Hickman. 1985).

All the breakouts referrcd 10 in this paper were identi-
fiedand orientedin this manncrusingthe following criteria:

1. The log must indicate 100l rotation above and below
the breakout.

2. Rotation must cease over the breakout interval (No. |
Caliper arm mus! record a roughly constani azimuth).

3. One pair of calipers must record the original. or
slightly enlarged. drilled diameter of the borehole. and the
other a larger diameler. Within each breakout. the azi-
muth of the larger dinmeter of the hole was measured at
depthintervals of 61 cm (2 ft) or 1 m. These azimuths were
combined with equal weights to give a mean azimuth with
standard deviation for each well by means of the statistical



mcthods described by Mardia (1972) for nonpolar direc-
toenal data,

Many of the wells studied were logged only in their
deencr by four-arm dipmeter tools. but a larpe num-
ber were logged over allbut the shallowest sections. Break-
2uts were identified in all lithologics: however, they were
.cast abundant in Mesozoic sandstones and particutarh
well-develeped in Palcozoic carbonates. The total thick-
ness of all the breakouts recognized in a single well ranged
from 2 m 1o 2086.9m (Appendix). The shallowest breakout
measured exiended upward to a level of 112.5 m KB.
whercas the base of the deepest breakout was at adepth of
5485.2 m KB. (Appendix). Forty-four wells exhibited sig-
nificantly consisten! breakoul orientations. Inthese wells,
the total thickness of breakouts exceeded 100 m, and their
mecan azimuths exhibited standard deviations of less than
10°.

Fordjor and others {1983) found no evidence of any
significant vertical variation of breakout azimuth in wells
in which breakout azimuths were measured over depth
ranges of 600 m or more. We have not observed this either.
although, if basement topography influences stress trajec-
tories (Lloyd and Bell. 1985). denser data grids may enable

usultimately 1o recognize subtic systematic azimuth changes
with depth around areas of significant bascn a1 relicl, At
wur resolution. il is reasonable lo interprel » ~1eakout
azimuths as indicating essentially constani ~iiess peome-
try at all depths of a well,

Mcan breakout nzimuths of 154 wells are plotted in
Figure 4. Seventeen wells contain a minor pupulation of
breakouts with mean azimuths which vary signilicantly
from their major population. In 13 wells this variation is
between 70° and 90°. whereas in four wells the minor
population azimuth differs from the major by only approxi-
mately 30°. As can be seen from Figure 4. the minor
population azimuths do not conform to the regional trends
cslablished by the major azimuths. It is not obvious what
these anomalous breakout orientations mcan. They meet
the three recognition criteria described above, yel Lthey
still may not represent true breakouts. Therc are hints in
some weils that the discordant borehole clipticity has
resulted from mudcake adhering preferentially toan exte nded
broken-out zone (Fig. 5C) and in some cases in intervals
where the entire borehole circumference has caved (Fip. SD).
Inother words, washouts (Cox. 1983) have been ' padded ™
$0 as 1o reduce the borchole diameter along their lurger

NE gt

Fig. 4. Mean azimuths of major and minor breakout populations for 154 wefls in the Weslern Canadian Basin and Rocky Mountains. The
well-location numbers correspond with the ksting in the Appendix conlaining location daia and details of breakout abundance, depih and orientation
«tatistics, Azimuths from wells 149, 150 and 152, which depart lrom the regional orientation. are based on limited data and mav nnt he ralishie
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axis, and so produce welibore ellipticity normal 10 lhyE
natural breakoul dircction. An alternative possibility is
that high mud pressures during drilling initiated hvdraulic
fractures locally. which have subscquently caved and
cxtended the borehole because of contributory rock-lfubric
weaknesses {Fig. 58).

The mayority of the wells analyzed. however. contain

nly brecakouls with common azimuths which dclincate a
cohcrent and consistent piclure of principal stress axes
across the Western Canada Basin in British Columbia.
Alberta and Saskatchewan (Fig. 4). The picture that emerges
15 one in which Syimin is Oricnted more or less parallel
10 the Rocky Mountains. but there are also arcas which
exhibit departurcs from this trend. This is brought out
more clearly in Figure 6 where the breakoul azimuths have
been used 1o construct a horizoatal stress trajectory map
of the basin. Betwecn latitudes 55° and 57°N. the breakout
azimuths. and inferred stress trajectories, show a signifi-
cant clockwise rolation relative to those south and north
of this region. Fordjor and others (1983) suggest that this
rotation of the stress 1ensor could be related 10 the Peace
River Arch. The area of rotated horizontal principal stresses
coincides arcally with this subsurface basement peninsula
(Fig. 6). and the sense of siress rotation is consistent with
the stress tensor refraction such a configuration would
produce {Lloyd and Bell, 1985). A similar effect may be
present in southern Alberta and Saskaichewan. over the
Sweetgrass Arch (Fig. 6). There are also a number of local
anomalies in the mean breakout azimuths in the cluster of
northwestern Alberta wells (Fig. 4. detail A). These may
also be related to an unnamed basement high (Porter and
others, 1982} in that areca, which is outlined in Figure 6. In
~egional terms, what the mean breakout azimuths appear

to be documenting is a stress province in which Sy,
is oricnted approximately NE.SW except where this signa-
ture is modificd by basement topography. This picture is
fully compatible with the stress tensor geometry inferred
from the overcoring measurements. induced-fracture ori-
cntations and stress-relicl features discussed previously.

Itis valid to ask how accurate the stress trajectory map
of the Western Canadian Basis is likely to be. Control
paints are somewhat spoitily distributed, but there is a
consisiency to the data which is noteworthy. For example.
fifteen closely spaced wells in the West Pembina arca
exhibit very similar meun breskout azimuths in the Devonisn
carbonale section. They are all oriented approximately
NW-SE (Fig. 7). This implies a similar direction for
Shmin: and if this is also the orientation of the least
principal stress in the Cardium Formation at depths of
1600 m 10 1700 m. the induced-fracture orientations are
well accounted for. Arfother approach 1o evaluating the
reliability of directional data is to plot only the best. Figure
8 portrays only those wells where the breakout intervals
tolal more than 100 m and the mean azimuths exhibit
slandard deviations of less than 10°. These forty-four wells
constitute a coherent data set compatible with the stress

trajectory map (Fig. 6) compiled from all the breakout
azimuths. ’

IMPLICATIONS FOR HYDROCARDUN RECOVERY

A valuable application of knowing the directions and
relative magnitudes of the principal stresses at a point in
the Earth’s crust is that it permits one 1o predict the
onicntation of hydraulically induced fractures. These will
open in the planc perpendicular 1o 04, the least principal
stress (Hubbert and Willis. 1957). A1 depths below approxi-
maltely 350 m in the Wesiern Canadian Basin oy =
Shmin- Hydraulic fractures will, thercfore, be verti-
cal and oriented parallc 10 Sype,. The stress trajec-
tory map (Fig. 6)is thus a tool for predicting imluced-fracturc
orientations within the arca it covers.

Predicting fracture propagation directions can be.advan:
tageous in a number of situations. I a well has missed i
larget such as a pinnacle rcef, and the target's location is
known, it may prove possible to connect the well to the
reservoir by hydraulic fracturing (Fig. 9). This is likely 10
bcamuchcheapcroptiomh:uaddilionaldireclionaldrilling.
Another possible application. suggested by Hassan (1982).
is blowout-well control. Where blowout control involve:
pumping a heavy slurry down a relief well — if the relic:
well is so located that predicted hydraulic fractures would
intersect the blowout well — there willbe a higher chance
of cstablishing communication beiween the two wellbores.

If the preferred hydraulic-fracture azimuths in an oil o+
gas field are known, this knowledge can be used to help
design the optimum well configuration for development.
Negative experience with waterflood-induced fractures
within the Cardium Sandstone in the Pembina oil field has

showa that oil recovery can be reduced by inappropriate

.-
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Fig. 7. Consistenl NW-SE orientations of the mean breakout azi-
muths from 15 closely spaced wells in the West Pembina area implying
hat Syme. I3 Oriented NE-SW in this area. Inferred hydraulic ractures,
expressed as permeability rends in the Cardium Formation sandsione
reservoirs, agreo with these principal stress directions.

placement of injection and production wells (McLeod.
1977: Hassan, [982). Figure 10 illustrates an idealized oil
ficld in a reservoir stressed so that hydraulic fractures will
be vertical and propagale northeastward and southwesi-
ward away from injection wells. Two well configurations
are shown. In the “*bad"’ array, injection and production
wells along the fracture trend become linked by hydraulic

fractures with the result that most of the water flows in onc
well and out another without sweeping much vil lowards
other production wells. In the *good " array. injection and
production wells are spaced so that hydraulic fraclures do
not connect wells but distribute the injecied watcr so that
itcaneffectively sweep oiliowards many production wells.

The Waltenberg field in the Denver Basin produces.
from Muddy “'J** Formation. tight gas sands requiring
massive hydraulic fracturing. The fractures.cxhibita pre-
ferred orientatjon of 340° {Smith and others. 1978). and
simulation studies suggest that an optimum fracture length
is approximately 1200 m (Roberts. 1981). Field monitoring
documents gas drainage inlo the fractures from axially
aligned ellipsoidal zones around them. and the most profit-
able gas wells are those which are spaced so as 10 exploil
the optimum fracture length and preferred orientation (Smith.
1979).

In areas where induced fractures are consistently ori-
ented and thick pay sections are present. drilling inclined
wells and spacing a series of [ractures along them (Fig. t)
may prove commercially advantageous. For good results.
the inclined well should be directed at a high angle to the
preferred fracture plane.

Strubhar and others (1975) describe un experimental
well drilied through low-permeability chalk in the Caddo-
Pine Island oil fiedd of northwestern Louisiana. The well



&ge
1167

Alberta

56¢

Mean 3
\ Breakout Yy
Azimuth F

'9- 8. Mean breakout azimulhs ol 44 wells conlaining a large number of consistently oriented breakouls. The total vertical thickness of all

skouts exceeds 100 m per well. and orientalion slandard deviations are less than 10°. The figure portrays the “bes! data.”

Fig. 9. Prediction of hydrautic-fraciure orientation. Horizontal princi-
pal stress directions derived from breakouts in nearby wells show that
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BOWELL ARRAY o '
%

L4

LTS BT I

”~.



P T e iy AN
e

\

i
o

: | - -
v ): "‘J// PRy % . i

o | Lo " !

| l HE LT 6‘;

L Y aonece . l,t’ 4 I

~— FRACTUAES f dl // ,
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voir drainage and higher flow rales than could be obtained from a vertical
well with a single Iracture feeding i. Knowledge of principal stress directions,
provided by breakoutls, is needed 1o aligh such a mutlilractured inclined
well.
was drilled normal to the induced-fracture azimuth at an
angle of 52° from the vertical. Four hydraulic fractures
were propagaled at measured depths of 1540 ft. 1595 fi,
1650 ft and 1700 11 (469 m to SI8 m). This muhifractured
well produced between two and three times as much oil as
aconventionally fractured wellin the field. The experimen-
tal weil coslt approximalely four times as much to drill and
complcte, but Strubhar and others (1975) believed cosi
reductions were feasible and that deeper wells could be
very cost-cffective. In western Canada. much of the
5000-m-thick Mesozoic section of tight, gas-bearing sand-
stones in the Deep Basin (Masters. 1979) may be profita-
bly produced from multifractured inclined wells,

Therc are several other implications arising from the
anisotropic stress regime in the Wesltern Canadian Basin
(Fig. 6). The principal horizontal siress configuration appears
10 be peometrically related 10 the overthrust faulting in the
Foothills and Rocky Mountains. It is likely that similarly
oricnied kateral compression was imposed on the basin in
carly Mesozoic time as the Laramide orogeny evolved. In
other words, Sym., probably has had o peaerally
NE-SW orientation for at least the last 100 miltion years
and maybe longer. Therefore. the sediments in the Wesl-
crn Canadian Basin (of Paleocenc age and older) most
likely have been subjected to anisotropic horizontal com-
pression for a considerable period: in the case of the Upper
Mesozoic sediments this could amount lo nearly their
entire burial life. One has to ask whether some of these
rocks have developed a diagenetic fabric in consequence.
To the authors’ knowledge. this possibility has not been
investigated systemalically: however, dircctional perme-
ubility is widely recognized and documented in core analy-
ses performed for company production departments. Uneven
solution hy pressure cementation of quartz grains could
woduce anisotropic permeability fabrics in sandstones
subjected 10 unequal lateral compression. In addition,
werpressuring in deeply buried sequences could cause

n

natural hyvdraulic fracturing oricnted putallel to Sy ..
which would lead 10 preferred dircetn,  of fluid fNow
through the affected section. Stvlolites v ..ch exhibit pre-
ferred orientations in limestones. may ahvo represent o
respoase toanisotropic subsurface stress regimes (Nelson,
19R1). From a diagenctic standpoint. mineral transforma.-
tions that are strongly pressure-dependent may be pro-
moted by 8y, levels rather than be depth-dependent
as heretolore assumed, Clearly. there is much 10 nvesli-
gale in documenting how sediments respond over time 1o
high and unequal horizontal stresses,

it is well known that cores fecovered from deeply bur-
icd rocks expand uand fracture on being raised (o the syr-
face (Teufcl, 198): Montgomery and Ren, 1983). If these
cores have been subjecied o uncqual horizontal in sit
stresses. expansion fractures which form will tend to open
along vertical planes normal 1o Stmar. This possibil-
ity should be borne in mind when examining cores. and
assessing measurements which apparently diagnosc per-
meability anisotropy in rocks tested under atmospheric
conditions.

IMeLIcATIONS FOR CRUSTAL KINEM.-\TICS

As Fordjor and others (1983) have demonstrated, the
stress regime in the Western Canadian Basin is not a local
phenomenon. The area lies on (he northwestern cdpe of
the Mid-Conlinent Stress Province {Zoback and Zobuck,
1980) in which NE-SW Shman azimuths occur in an
arca bounded by the phiins of the Unitcd States Mid West,
Arkansus. Tennessee, New York State {Zobuck and Zoback.
1980). the Canadian Maritimes, the Arctic Iskunds (Cox.
1983) and the Northwest Terrilorics (Gough and others,
1983). Consistent stress oricntation over the whole mid-
continent of North America is difficuit 10 ascribe 1o any
cause other thun contemporary northeastward traction on
the underside of the lithosphere. Other mcchanisms re
notlikely to hive imprinted so widespread a stress signature.
For example. in the Western Canadian Basin, postglacial
uplift might have produced a NE-SW orientation of
Stimar bUt would have produced a verv different oricn-
tation in New York State and Ontario. Similarly, pressure
excried on the western Canadian lithospherc by the sub-
ducting Juan de Fuca plate might produce the observed
compression of the Western Canadian Basin but would
not cause the same siress orientation in Arkansas and
Missouri (Zobuck and Zoback. 1980).

Northeastward traction would arise(1)ifthe lithospheric
plate contuining the mid-continent of North America js
sliding SW and is experiencing viscous drag from passive
asthenosphere. s sugpested by Zoback and Zoback (1980).
or (2) if northeastward flow in the underlying mandle is
pushing the plue. again by viscous drag {Fordjor and
others. 1983). The stress orientations in the Mid-Continent
Stress Province alone cannot be used todiscriminalc between
these two possibilitics.

To the west of the Mid-Continent Stress Province in the
United States of America. Zoback and Zoback (1980} have



idenniticd o series of extensional stress provinees in the
repron between the cast front of the United States Rocky
Ronntains and the Sicrra Nevada (Fig. 12), These exten-
stonal stre - provinces include the Basin and Range . Colo-
rado Plav . and Rio Grande Rift. and are characterized
by contemporary normal faulting in stress regimes where
ts vertical. Dixon and Farrar t1980). Farrar apd Dixon
11980). and Gough (1984) have pointed out that this region
15 one of current basaltic vulcanism and high heat flow. In
additon. they noted that seismological studics indicate
that clastic body-wave velocities are reduced and their
amplitudes attenuated in the underlying upper mantle. In
the same region. magnelometer arrays have recorded anoma-
lous electrical conductivity so distributed that it correlates
positively with heat flow and the seismic low-velocily
high-attenuationlayer {Gough, 1974). As Farrar and Dixon
(1980) and Gough (1984) emphasized, this close associa-
tion of vulcanism, high heat flow, low seismic velocity and
clectrical conductivity is mosi logically accounted for in
terms of partial melting in the uppermost mantle and a
concurrent upflow of mantle material. The area involved
15 undergoing extension, as would be expected above an
upcurrent in the mantle. Now an extensional stress prov-
ince of these dimensions (Fig. 12), between the Great
Plains and the Sierra Nevada, could not exist in this loca-
ton if the North American plate were sliding over a pas-
sive asthenosphere towards the southwest. Such kincmatics
would require NE-SW compression to continue westward
as far as the Sierra Nevada or even 1o the San Andreas
fault zonc. The observed extensional stress regime. with
oy vertical, implies vertical pressure from below and
oints 10 5 mantie upcurrent which bends over towards the
ortheast to push the North American plate northeasi-
ward by viscous drag (Fig. 13). As Houseman (1983) has
shown. such viscous drag could be provided by a large
aspect ratio convection cell driven by lateral, rather than
vertical. temperature dilferences in the mantle.
In that the postulated region of mantle upflow is likely to
have originally formed part of the East Pacific Rise { Dixon

and Farrar, 1980: Gough, 1984). the proposed mechanism
for plate dynamics iIs analagous to “ridge-push.’ Solo-
mon and others (1980) found thiat much of the reliable
intraplate stress orientabion dati obtaincd from carthquake
mechanisms agrecd well with predictions from 3 model
that included ridge push as onc of the driving forces of
plate tectonics. Recently., Newmurk and others (1984}
have measured breakout azimuths in the Deep Sea Drilling
Program holes dritled in the East Pacific Ocean and obtained
principal stress orientations which wre also consistent with
ridge push by the East Pucific Risc and the Costa Rica Rift.
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Fig. 12. North American stress provinces. Pairs of broad arrows
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American Mid-Continent Stress Province. The two-headed thin arrows
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Siress orientalion data are summarized Irom Zoback and Zoback {1880).
Cox (1983} and Gough {1984). The Hudson Bay orientation comes Irom
studies in progress by Bell.
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In summiry. it appears probable that the anisotropy in
the sircss repime of the Western Canadian Basin is largely
cause’ hy the nud-American lithosphere's being pushed
norti.  JAward by a mantle convection cell which rises
beneath western North America.
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| 4 Modeling Approach for Optimizing
waterflood Performance, Slaughter
Field Chickenwire Pattern

s E. Thomas, SPE-AIME, Amoco Production Co.
’v‘:;eu 1. Driscoll, SPE-AIME, Amoco Production Co.

jatroduction
e 3,200-well Slaughter field is one of Texas’ major
gids. 1t is on the North Basin Platform in West
Texas. approximately 35 miles west-southwest of
Lubbock. The field was discovered in April, 1937,
most drilling took place in the late 1940's. It
uces 32°API sour crude from the San Andres
dolomite formation of Permian age at an average
depth of 5,000 ft. The formation is relatively hetero-
goeous; its structure is a monocline, dipping at less
gan 1° to the south-southeast. The field covers an
area of approximately 100.000 acres and currently
pas 2,311 producing wells and an estimated 903
water injection wells. The producing rate of 113,000
BOPD (July, 1972) ranks fourth in Texas. Cumula-
tive production to Jan. 1, 1972, was 464 million bbl.

Ficld discovery and bubble-point pressure was
1.710 psia at 1,250 ft (subsca). Except for several
minor gas injection projects, the field produced by a
swlution gas drive until waterflooding operations
commenced during the mid 1960's on many leases.
The field is not being produced as one fieldwide sec-
ondary recovery unit but consists of a group of smaller
anits and cooperating lease floods. Water injection
operations are currently being conducted on prac-
tcally every major lease or unit.

A unique spacing exists in much of the field since
that part of West Texas was originally surveyed in the
Spanish land measurements of hectares, labors, and
keagues. A large portion of the field was developed

with a density of five wells per labor (35.4 acres per
well). Four wells usually were drilled at locations 440
to 500 ft from the respective labor lines and a fifth
well was drilled in the center of the labor. Many of the
early Slaughter Field waterflood projects started as
cooperative lease-line injection projects or peripheral
waterfloods. These were later converted 1o a unigue
pattern when it was determined that an increased
injection-to-producing-well ratio was necessary for
more ecflective flooding in this low-permeability
reservoir,

Fig. 1 shows the two-injector, three-producer pat-
tern that Slaughter Field operators call the “chicken-
wire” pattern. The pattern results in six injectors
enclosing three producing wells. A repeating devel-
oped chickenwire patiern results in a net injector:
producer ratio of 2:3 during secondary operations as
opposed to a ratio of 1:1 for the conventional five-
spot pattern.

The chickenwire pattern resulted in an intensifi-
cation of flooding. However, it was not obvious
whether or not this was the optimum pattem or o
what degree waterflood recovery might be influenced
by previous unbalanced injection. Even with this
intensified injection pattern, most flood rates would
be relatively low and the projects long-lived. Thus, it
was decided several years ago 1o do a model study
of a typical area of the field. This study would investi-
gate the effects of imbalance and additional drilling
or well conversions on rates and vltimate recovery.

A two-dimensional areal simulation indicated significant trapping of oil between center
and off-center producers in this unique waterflooding pattern. For typical conditions, the
predicted ultimate recovery of 41 percent of original oil in place was increased to 44.6

percent by drilling additional producers between center and off-center producing wells.
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Various sensitivity runs and allowances for variations
in fermation capacity and oil in place would then
permit scaling and application to a aumber of other
areas of the field not specifically investigated.

Model Description

A two-dimensional, three-phase multilayer *“black
oil” mathematical reservoir simulator* was used to
investigate waterflood performance. Fig. 2 presents a
diagram of the 16 X |6 mesh configuration used to
stimulate one half of a chickenwire pattern. It con-
tains a net of one injector and one and one-half
producers. This one-halfchickenwire area is the
smallest repeatable element of the pattern using
rectangular grid blocks that can be used to simulate
the interactions between injectors and producing
welis in the pattern with balanced injection. Fig.
3 presents a three-dimensional view of the two-
dimensional multilayer areal model used.

The advantage of modeling a portion of a pattern
or a segment of a reservoir, instead of an enlarged
reservoir area, is that the grid pattern can be fine
enough for interfaces between the injected water and
oil to be mapped without incurring the computing
costs of a larger area using the same grid density.
A fairly fine grid, along with a2 multilayer model,
climinates the need to modify laboratory-derived
relative permeability data for pseudo stratification
effects. It also enhances the resolution of areal and
vertical sweep displacement efficiencies, which were
critical parameters in this investigation, The effect
of grid size on calculated rate forecasts has been
discussed in other papers.':*

The particular model configuration used for this
study (Fig. 3) resulted in individval cell dimensions
of 130 x 133 f1 (0.397 acres), with a reservoir pore
volume of 4,434 bbl. Comer blocks had one-fourth
this pore volume, and edge blocks had one-half. Figs.
2 and 3 show that the chickenwire center producing
wells are quarter wells in the model clement and the
other wells are half wells.

Reservoir Parameters

Table 1 gives parameters used for the particular
model runs being discussed. Some predictions were
made with other parameters, but those listed are con-
sidered typical.

All the model predictions were run with the as-
sumption that injection remained in the matrix pay.
Amoco has run step-rate tests on its Slaughter Field
injection wells and follows a policy of injecting water
at pressures below reservoir parting pressures, The
areas being studied were at less than top allowable
and production would be at capacity conditions even
with waterflood response, Thus, the only rate restraint
on the model was a minor restraint on the initial water
injection rate to correspond with field practices as to
actual maximum injection rates.

A plot of the oil-water relative permeability used
is given in Fig. 4. Fig. S presents the lincar fractional
flow curve calculated from these relative permeability
data and the odl and water viscosities.

Where injection rates are critical and at capacity,
it is important to calibrate the model by comparing
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TABLE 1—DATA USED IN BASE-CASE, ONE-HALF
CHICKENWIRE PREDICTION MODEL.
SLAUGHTER FIELD

Average permeability, md 10.0
porosity. percent 12
Net pay thickness. ft 60
xh, md-it 600
oh pcrcent-lt 120
Number of layers 5
Numnber of grid blocks per layer 256
sumber of total grid blocks 1.280
wtiom-hoie injection pressure limit, psig (SP = 1,200 psig} 3170
Reservoif pressure ot start of waterflocd, psig 400
otric condition ratio—injectors

{effective wallbore radiug: 118 tt vs 0.198 1 nominal) 20
geometric condition ratio—producels

(eflective welibore radius: 3.36 ft vs 0.198 ft nominat) 15
stratification factor for layers 20
|nitial gas saturation, percent 18
|nitiat water saturation, percent 13
0il viscosity ot 400 psig, ¢ ¥ 1
Water viscosity, @ 0.65
Mobility ratio at breakthrough 0.23
Initial oit formation volume factor 1.228
il formation volume factor at 400 psig 1.113
Pore volume, bbl 4 988,000
original oil in piace at bubble point, STB 3,534,000
Estimated ultimate primary Fecovery at 100 psig

abandonment pressure {5,700 bbl /acre, of 144

percent of original oil in place), 51B 509,000
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Fig. 4—Oit-water relstive permeability relationship
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the actual injection rates (Injectivity Index) on a num-
ber of injection wells (before interference) with injec-
tivities predicted by the model for the same cumu-
jative injection divided by ah. This approach was
used in calibrating the parameters used in the model
and in applying the resuits to other areas of the field.

The average permeability per foot of net pay
appears to vary from about twice to about one-half
the particular value modeled. Lower values are indi-
cated in certain extreme edge areas. All these indi-
cated values of permeability are in turn interrelated
to the relative permeability curve and effective well-
bore sizes used. Although a typical ultimate primary
recovery is 5,700 bbl/acre, values range from less

- than 1,000 to as high as 12.000 bbl/acre.

Stratification

An attempt to predict waterflood performance in a
West Texas dolomitic reservoir like the Staughter field
must consider stratification to account for reservoir
heterogeneity. The model used in this particular study
predicts the movement of oil, gas, and water through
a reservoir composed of horizontal layers that are in
communication only at the wellbore. Five layers of
equal ¢h were used to describe stratification effects.

A logarithmic permeability distribution method**
was used in describing the permeabilities for the five
layers with a permeability stratification factor (Ku.s
ko) of 20. This stratification factor was determined
by averaging the permeability and potosity from core
samples above a cutoff limit into successive S-ft
groupings, determining average permeability, poros-
ity, and k/¢ values for these $-ft groupings, and then
sorting the k/¢ values in ascending k/¢ order. The
resulting relationship was plotted on semilogarithmic
paper vs percentage of cumulative porosity feet.

The best straight line was drawn through these data
points. Intercepts at 0 and 100 percent of cumulative
porosity feet had a ko./kuin relationship of about
20 to 1. A percentage of permeability feet for each

1.0
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Fig. 5—Fractional flow curve. Calculated from relative
permeability and fluid viscosities used.
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Fig. 6—Water saturation mag from results of batanced

one-half chickenwire model. Saturations sre for Layer 2

after injection of water volume equal to 145 percent of
gas-phase volume (10.5 years). Cross-hatched area is

model area with originat water saturation.
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Fig. 8—Predictions for full chickenwire pattern — base
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two injectors and thres ot five producers.
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of the five layers was then determined from this loga-
rithmic distribution. It has been found in a number
of West Texas waterflood studies that this procedure
for assigning a permeability variation permits an ap-
proximate matching of performance with this type
of model where some crossfow plus limited numerical
model dispersion exists.

The permeability used for the five equal porosity-
foot layers for the particular prediction reported here
are listed below:

Permeability

Layer {md)

1 2395

2 12.94

3 7.10

4 3.90

5 2.11

Average of all layers 10.00

This permeability distribution is equivalent to a
Lorenz coefficient* of 0.49. H is also roughly equiv-
alent to a log-normal variation factor of 0.63 as used
by Dykstra-Parsons.**

Base Prediction

The primary reasons for modeling the Slaughter Field
chickenwire pattern were (1) to determine whether oil
would tend to be trapped at the economic limit be-
tween the center and off-center producers, and (2)
to evaluate possible acceleration of flooding in these
long-life floods (40 to 60 or more years). The base
case, which calied for operations to continue, with
the water injectors placed on injection at the same
time and with injection equally balanced, was first
run to determine if the reservoir parameters used
would cause the prediction to match actual early
flood performance and to determine how much oil
would tend to be trapped between the center and
off-center producers.

A preliminary check against the performance data
of the base-case prediction indicated that it matched
reasonably when scaled for individual pattern varia-
tions in permeability, porosity, and net pay, and that
potentially recoverable oil rescrves would be trapped
between the center and offcenter producers. Fig. 6,
a contour map of water saturation, shows that 2
“trapped” oil area does exist between the two
producers,

Fig. 7 shows individual well performance for the
base-case prediction. The ceater and off-center pro-
ducing wells respond at about the same time, and
later they experience water breakthrough almost
simultaneously, thus tending to trap oil between them.
A layer with higher permeability has a higher areal
sweep efficiency at any stage of flooding than a layer
with lower permeability. The map of water saturation
shown in Fig. 6 is for Layer 2, the second-highest
permeability layer. It reflects conditions after 10.5
years of the waterflood prediction, with cumulative
injection into all five layers equal to 145 percent of
the original gas fillup volume, or 26 percent of total
pore volume. The producing percent water cut for
the model at the time was 50 percent.

Fig. 8 compares the predictions for the base case
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. those for the drill case (to be discussed later).

o curves refiect a full chickenwire pattern (three

{ producers and two net producers), or twice the

es from the half-chickenwire model. Base-case ulti-

ate recovery was a favorable 41.0 percent of the
oriﬂi“"] oil in place. For one half of a chickenwire
attern (one and one-half producers and one injec-
) as investigated by this particular model, this
,,condary-plus-primary recovery was 1,447,600 bbl,
of 938,600 bbl of waterflood recovery over estimated
Jimate primary recovery. The life of the prediction
gnder the base case was 57 years 1o a half-pattem
economic limit of 8 BOPD. Total water injection to
(his economic limit was indicated to be 6.0 mitlion
pbl, or 1.2 total pore volumes.

The model predictions showed a greater drop in
produclivity than is normally experienced during the
short production period after waterflooding com-
mences but before the oil bank reaches the producing
wells. This more pronounced oil production decline
was, in part, a reflection of the fact that at the start
of the waterflood the actual reservoir would not be at
a constant pressure throughout as reflected by
the model input pressures, but would have lower
semisteady-state pressure gradients around the indi-
vidual producing welis. No attempt was made to run
the model from the initial Slaughter Field discovery
conditions. The combination laboratory- and field-
derived gas-oil relative permeability data used gave
a reasonable check on early well GOR performance
prior to response.

Infill Drilling

As illustrated by Fig. 6, an obvious method for re-
covering the trapped oil was to drill a weli between
the center and off-center producers. A model predic-
tion was run in which a new producer was drilled
between these two producers (see Fig. 2). This
results in two newly drilled producing wells per full
chickenwire pattern. The model was run several
times, with the new producing well drilled at a cumu-
lative water injection equal to 31, 60, and 85 percent
of the total-pattern initial gas fillup volume.

The prediction obtained for the case in which the
infill drilling occurs at the time the peak producing
rate is reached was the better one as far as discounted
feturn on investment was concerned. In this case, the
water injection was equal to 60 percent of the gas-
phase fillup volume (541,000 bbl in one half of a
chickenwire pattern).

Fig. 8 compares the base case of the chickenwire
pattern with the case where two additional producers
were drilled between the center and off-center pro-
ducers at this 60 percent of fillup volume. The model
showed an incremental oil recovery of 130,000 bbl
per infill well as a result of the infill drilling. This was
a 13.8-percent increase over the 938,600 bbl of
waterflood recovery per balf chickenwire pattern
under the base case. Cases run with different timing
as far as drilling is concerned resulied in an incre-
mental increase of 130,000 bbl (== 5,000 bbl) over
the base case. The present-worth economics was also
good, although slightly less favorable than for the
case of 60 percent of fillup volume.

tof
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Comparison of Base Case and Drill Case

For the case that called for drilling at 60 percent of
filup volume, the ultimate recovery to the economic
limit of 10 BOPD (two and one-half producers and
one injector) was 1,577,600 bbl, or 44.6 percent of
the original oil in place per one-half chickenwire pat-
tern. This was an increase over the base case of 3.6
percent of the original oil in place. The predicted
economic life for this pattern configuration was
55 years.

An approximate evaluation of indicated volumetric
recovery efficiencies to an economic limit was made
for the two cases. According to the linear fractional
flow curve derived from the oil-water relative permea-
bility curve, the average water saturation for 100-
percent arcal sweep was 61 percent at 97.1-percent
water cut (economic limit). Calculations using oil
formation volume factors at discovery and 400 psi
give a recovery of 50.5 percent of oil originally in
place, assuming 100-percent volumetric sweep. Thus,
the base-case recovery factor of 41.0 percent (14.4
percent indicated ultimate primary plus 26.6 percent
from waterflood) reflects a volumetric recovery effi-
ciency of about 82.2 percent, compared with & volu-
metric recovery efficiency of 88.3 percent for the 44.6
percent ultimate recovery of the case that calls for
drilling at 60 percent of pore volume fillup.

Alternative Patterns

Other possibilities for recovering this trapped oil were
investigated. Several predictions were run using the
balanced half chickeawire 16 X 16 model where the
center producing well was converted to water injec-
tion status rather than the two infill wells’ being
drilled. To more fully evaluate the range of possibil-
ities, the center well was converted to water injection
at cumulative water injection volumes ranging from
0 to 153 percent of the original gas fillup volume.
Fig. 9 shows cumulative oil recovery vs time for
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Fig. 9—Performance from start of waterfiood
for one-half chickenwire ruttorn. balanced and
unbalanced Injection.
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base. drill, and conversion cases for a period of
. _out 18 years. Conversion and drilling cases shown
are al a cumulative water injection equal to 60
percent of the original gas fillup volume. Under con-
version. early rate increases from the remaining pro-
ducers more than offsct the production loss due to
conversion of the center producer. However, ultimate
recovery at SO- to 60-year economic limits converged
on the base case. This indicated that increased
recovery in the trapped-oil areas was offset by poorer
ulimate sweep in other portions of the pattern.
Except for certain areas where the amount of oil in
place was small, the results were not so attractive
economically as they would have been by drilling two
additional wells per pattermn. In a certain relatively
tow range of oil in piace, a low-cost conversion of
the center well was marginally attractive over the
base case. Converting the center well to injection also
resulted in less oil recovery to an economic limit than
would have been obtained by drilling new producers.

Imbalance Due to Timing of Injection

The most common cause of injection imbalance in
the Slaughter field was early injection into wells along
jease or unit lines. In this case, three wells on one
comer of a chickenwire pattern would be placed on
injection approximately 3 years before the other three
wells were converted lo injectors. (See Fig. 2.) This
unbalanced situation was studied by constructing a
31 X 31 grid-block model with the same mesh size
as the smaller balanced model to simulate two com-
plete chickenwire patterns. In this simulation, 23 per-
cent of total pattern fillup volume was injected into
the three early injectors of the six injectors directly
associated with a given pattern before the later
injectors were converted. Considering the “mirror
image™ characteristic of modeling, this model does
not fully reflect the unbalanced situation described,
but it does approximate it. The case in which there
was no additional infill drilling. and the case in which
drilling took place at 60 percent of fillup were run
using this unbalanced injection model.

Fig. 9 also gives plots of cumulative oil recovery
vs time for these runs as compared with the balanced
model predictions. The unbalanced injection cases
were delayed in time, but after a catch-up period, the
cumulative oil recovery to a common cumulative
injection volume was essentially the same. Ultimate
recoveries at 55- and 60-year economic limits were
virtually identical. Saturation maps indicated only a
minor effect on the selection of the optimum infill
location with this degrec of imbalance.

The unbalanced injection cases did not reflect im-
balance due 10 such things as areal permeability or
net pay varations. However, they did indicate that
ultimate recoveries are relatively insensitive to mod-
erate degrees of injection well imbalance. While not
directly analogous, rcsults appear compatible with
those indicated by Prats ef al.® as to the effects of off-
pattern wells on five-spot waterflood performance.

Application of Results

Present-worth drilling economics were calculated to
give weight to both increased oil recovery and in-
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creased oil production rates early in the life of the
waterflood. For the typical 130,000-bbl incremental
recovery case presented for infill drilling, a net retumn
on discounted investment (10-percent discount) of
1.7 was calculated before federal income taxes on
the basis of a total investment of $59,300 per infili
well.

Performance predictions were scaled for areas with
different values of oil in place and formation capacity.
The application of appropriate economic factors, in-
cluding risk and federal income taxes, permitted an
evaluation of the ranges of oil in place and type of
pay necessary to meet economic criteria for the drill-
ing of infill wells in other Slaughter Field chicken-
wire areas. Scaling and synthesis of various base
predictions also made it possible to make reasonable
over-all predictions for various units or leases.

Results of Drilling

This study resulted in a substantial infill drilling pro-
gram by Amoco Production Co. Other operators of
Slaughter Field chickenwire floods also have dnlled
infill wells between center and off-center producing
wells. In certain areas where there is abundant oil in
place and permeabilities are better, certain other well
arrangements appear economically attractive. These
include drilling four injection or producing wells mid-
way between injectors on the long sides of the patiten
(net of two per pattern), as well as drilling the two
infill producers. In areas where the amount of oil in
place is small or the permeability is very low, infill
drilling cannot be economically justified.

At a recent count, 215 infill locations have been
drilled in the Slaughter field. A great majority of these
were infill producing wells in the chickenwire pattern
located between the center and offcenter producers.
The first 110 wells drilled on Amoco-operated flood
projects had an average initial potential of 88 BOPD/
well. The two infill wells per pattern were completed
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Fig. 30-—Performance of two representative chickenwire
patterns in Slaughtsr fisld where infill wells were drilled
between center and off-center producing walls. Total
producing rate for sach pattern was about 40 BOPD
before initisl response.
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as was anlicipated from the model work with water

cuts considerably less than the water cuts being exper-

ienced by the three original producers in the chicken-
re pattern.

Fig. 10, a graph of the performance of two repre-
sentative chickenwire patterns, shows that the newly
dnlled wells are producing with significantly lower
water cuts. Both of these are older patterns where
new wells were drilled a number of years after
response had been experienced at the old producers.
Cumulative injection on a pattern basis at the time
of infill drilling was about 160 percent of the original
pattern fillup volumes. Individual well producing
rates before initial waterflood response had been
about 8 to 13 BOPD. An initial decline in water cut
on newly-drilled wells is typical in this field and is
primarily attributable to stimulation effects. As indi-
cated by the model and subsequently demonstrated
in the field, the net increase in pattern withdrawals is
somewhat less than the sum of producing rates
obtained from the new producers. This is a result of
interaction between the new and old producers.

Conclusions

1. Significant amounts of oi! would be trapped in
a poorly swept area between the center and offcenter
producers of Slaughter Field chickenwire waterflood
patterns if no change were made in the producer-
injector configuration,

2. The drilling of two producers per pattern, one
each between the center and offcenter producers,
increased oil recovery typically from 41.0 to 44.6
percent of the original oil in place. This was eco-
nomically attractive where sufficient oil in place and
formation capacity were available.

JULY, 1973

3. The most common injection imbalance in
chickenwire patterns, caused by earlicr initial injec-
tion at three of the six injectors directly associated
with a given patiern, was not enough to make the
uitimate recovery significantly different from that in
the balanced injection cases, provided future injection
was approximately in balance.
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October 25, 1990

Mr. G.A. Cormack

Manager, Production Operations
Omega Hydrocarbons Ltd.

1300, 112 - 4th Avenue S.W.
Calgary, Alberta

T2P OH3

Dear Sir:

RE: Waskada Unit No. 4
Application for Drilling Spacing Unit Reduction

Your application dated September 28, 1990 for approval of special drilling
spacing units for a portion of Waskada Unit No. 4 is acknowledged.

The application has been reviewed in detail. There are a number of areas
which require further clarification, information or comment. These are
outlined below,.

Notice of the application will be published as soon as the Board has
received a satisfactory response to this letter.

[n the application, Omega refers to reducing the size of drilling spacing
units from 16 ha to 4 ha within the project area, Use of the term "4 ha"
spacing implies plans for 64 wells per section, or in the case of Omega's
half section project area, a total of 26 additional wells. If it is not
Omega's intent to fully develcp the project area on 4 ha spacing and to
avoid any misunderstanding, a more appropriate description of the
application would be for special reduced drilling spacing units.

Waterflood Performance

{(a) Injection into the 5-24-1-26 has been suspended for long periods,
August 1986 to March 1987 and November 1988 to February 1990, Why was
injection suspended and what effect has the suspension of injection had
on waterflood performance within the project area? In your discussion,
please comment on individual well production performance.



(b)

(e)

(d)

A review of the porosity-metre values for the wells within the project
area indicates a significant reduction in oil-in-place from previcus
information filed with the Board. Comment on the reasons for this
reduction in oil-in-place.

Omega suggests there may be a NE-SW fracture system in the Lower
Amaranth Formation in the Waskada Field. What is the basis for this
interpretation? Is the fracture system natural or induced or a
combination of both? Discuss the effect of the fracture system on the
waterflood performance and on the location of the proposed infill wells.

The 1985 Waskada Reservoir Model Study included the project area. How
does the actual waterflood performance within the 5-24-1-26 injection
pattern compare to the model study results? Please discuss any major
deviations between actual and predicted performance.

Technical Justification

(a)

(b)

{c)

Omega has estimated the incremental recovery from the four infill wells
will equal 3.3% of the original oil-in-place. The incremental recovery
appears to be based on assumptions regarding the initial productivity
and decline rate of the infill wells. Please quantify the factors
Omega believes are contributing to the incremental recovery (for
example, drainage of unswept portions of the reservoir, improved areal
sweep efficiency, improved continuity, pattern realignment or improved
completion technigues).

Omega proposes to increase the well density in the project area by
drilling four infill wells between existing producers. The proposed
location of the infill wells precludes the use of a number of infill
drilling and waterflood modification alternatives that may be feasible
for the Lower Amaranth Formation in the Waskada Field. In order to
demonstrate that Omega has selected the optimum strategy for reduced
spacing, please review the technical and economic feasibility of the
following infill drilling and waterflood modification alternatives.

(1) No infill drilling and conversion of producers to injectors to
modify the existing 16 ha nine-spoet injection patterns to 16 ha
five-spot injection patterns.

(2) Infill drilling on 8 ha spacing and injector conversions to
develop 8 ha nine-spot injection patterns.

{(3) Infill drilling on 8 ha spacing and injector conversions to
develop 8 ha five~gpot injection patterns.

Schematics of the above-noted infill drilling and waterflood
modification alternatives are shown in Figures 1 and 2.

Omega 1indicated in its application that 1f the pilot project is
successful, infill drilling may be considered in other parts of the



Waskada Field. Please submit a map outlining those parts of the
Waskada Field Omega considers amenable to infill drilling, including
the locations of possible infill wells. If full development on reduced
spacing were to occur, some locations would be on or adjacent to unit
boundaries. How will Omega address correlative rights in this
situation?

(d) If the project is successful, what is Omega's ultimate strategy as it
pertains to infill drilling and waterflood modifications? Will the
5_24-1-26 injection pattern eventually be expanded to a seventeen-spot
{injection pattern or will some wells be converted and in what injection
configuration?

(e) How does Omega intend to operate the waterflood in and surrounding the
project area after completion of the infill wells? Please comment on
the target injection rates, the proposed monthly and cumulative
voidage-replacement targets and the predicted reservoir pressure for
the injection patterns in and surrounding the project area.

Note: the cumulative voidage-replacement ratio in the 5-24-1-26
injection pattern is only 0.47 and the estimated reservoir pressure is
only 5161 kPa.

(f) Does Omega expect to see any acceleration of production or production
interference as a result of the infill wells?

Project Evaluation Program

(a) Please provide a summary of the well data that will be obtained during
the drilling of the infill wells.

{b) What 1s Omega's proposed program for monitoring production rates and
reservoir pressure in the project area?

(¢) List any additional surveys, tests or analyses Omega intends to carry
out to evaluate the project.

General

(a) Do the infill drilling economics include a holiday volume for the
infill wells? If no, what effect will a holiday volume have on the
project economics? What are Omega's economic hurdle rates?

(b) Discuss the advantages and disadvantages of using directional drilling
or horizontal drilling as an alternative to conventional infill
drilling in the Lower Amaranth Formation in the Waskada Field?

(¢) What are Omega's public consultation plans in respect of the
application?



(d) Please provide a list of names and addresses for:

(1) the working interest owners in Waskada Unit No. 4 and within 1 km
of the project area, and

(2) the royalty owners in Waskada Unit No. 4 and within 1 km of the
project area.

If you have any questions or require further clarification, please contact
L.R. Dubreuil, Director of Petroleum, or John Fox, Chief Petroleum
Engineer, at 945-6573 or 945-6574 respectively.

Yours respectfully,

H. Clare Moster
Deputy Chairman
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HYDROCARBONS |TD

1300 SUN LIFE PLAZA T
112 - At AVENUE SW
CALGARY ALBERTA CANADA T2P 0F3

TELEPHONE 1403} 26* 0743
FAX (403) 264 5691

October 19, 1990

Enron 0il Canada Ltd.

1300, 700 - 9th Avenue S.W.
Calgary, Alberta

T2P 3V4

Dear Sir:

Re: Waskada Lower Amaranth A Pool
Proposed Drilling Spacing Unit Reduction

Enclosed for your information is a copy of an application submitted
to the Manitoba government on September 28, 1990. The intent of
the application is to obtain approval to implement of an infill
well pilot project within Waskada Unit No. 4 or more specifically
the southern half of injection pattern 5-24-1-26 WPM.

Should you have any dquestions regarding this application please
contact the undersigned at your convenience.
Yours truly,

OMEGA HYDROCARBONS LTD.

R.A. Brekke, P. Eng. ﬁ;

Engineering Supervisor - Manitoba

RAB: jb Fopgym &

¢.c.: L.R. Dubreuil - Manitoba Petroleum Branch
Reduced Spacing Application File



HYDROCARBONS LT

1300 SUMN LIFE PLAZA T
N2 oar AVENUE S W
CALGARY ALBERTA TANATA TIOR3

GEREsE %, 1990

Chevron Canada Resources Ltd.
500 - 5th Avenue S.W.
Calgary, Alberta

T2P 4L5

Attention: Mr. Stan Borowski

Dear Sir:

Re: Waskada Lower Amaranth A Pool
Proposed Drilling Spacing Unit Reduction

Enclosed for your information is a copy of an application submitted
to the Manitoba government on September 28,
the application is to obtain approval to implement of an infill
well pilot project within Waskada Unit No. 4 or more specifically
the southern half of injection pattern 5-24-1-26 WPM.

The intent of

Should you have any questions regarding this application please
contact the undersigned at your convenience.

Yours truly,

OMEGA HYDROCARBONE LTD.

A

R.A. Brekke, P. Eng.

Engineering Supervisor - Manitoba

RAB: jb

c.c.: L.R. Dubreuil - Manitoba Petroleum Branch
Reduced Spacing Application File
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FHYDROCARBONS LTD

1300 SUN LIFE PLAZA T
1M 4th AVENUE §w
CALGARY. ALBERTA CANADA T2P 0R3

TE _EPHONE (403) 261 0743
FAY (4031 264-5691

October 19, 1990

Baxter Lake Holding Company Limited
#214, 11803 - 125th Street
Edmonton, Alberta

TS5L 0S1

Dear Sir:

Re: Waskada Lower Amaranth A Pool

Proposed Drilling Spacing Unit Reduction

Enclosed for your information is a copy of an application submitted
to the Manitoba government on September 28, 1990. The intent of
the application is to obtain approval to implement of an infill
well pilot project within Waskada Unit No. 4 or more specifically
the southern half of injection pattern 5-24-1-26 WPM.

Should you have any questions regarding this application please
contact the undersigned at your convenience.

Yours truly,

OMEGA HYDROCARBONS8 LTD.

R.A. Brekke, P. Eng.
Engineering Supervisor - Manitoba

RAB: jb

c.c¢.: L.R. Dubreuil - Manitoba Petroleum Branch
Reduced Spacing Application File
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—vDROCARBONS LTD
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17 4th AVENDE SW
SALOARY ALBERTA CANADA TPP 03

TELEAONE 1403) 261 01743
~44:403) 264 5691

October 19, 16%0

Tundra O0il and Gas Ltd.
1313 One Lombard Place
Winnipeg, Manitoba

R3B 0X3

Dear Sir:

Re: Waskada Lower Amaranth A Pool
Proposed Drilling spacing Unit Reduction

Enclosed for your information is a copy of an application submitted
to the Manitoba government on September 28, 1990. The intent of
the application is to obtain approval to implement of an infill
well pilot project within Waskada Unit No. 4 or more specifically
the southern half of injection pattern 5-24-1-26 WPM.

Should you have any questions regarding this application please
contact the undersigned at your convenience.
Yours truly,

OMEGA HYDROCARBONS LTD.

R.A. Brekke, P. Eng.
Engineering Supervisor - Manitoba

RAB:jb

c.c.: L.R. Dubreuil - Manitoba Petroleum Branch
Reduced Spacing Application File
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TE: EPHONE 1403) 261-074:2
Shx 1407 264 5691

October 19, 1990

Chauvco Resources Ltd.
2900, 255 - 5th Avenue S.W.
Calgary, Alberta

T2P 3G6

Attention: Mr. Dennis Robertson

Dear Sir:

Re: Waskada Lower Amaranth A Pool
oposed Drillin a )] Reduction

Enclosed for your information is a copy of an application submitted
to the Manitoba government on September 28, 1990. The intent of
the application is to obtain approval to implement of an infill

well pilot project within Waskada Unit No. 4 or more specifically
the southern half of injection pattern 5-24-1-26 WPM.

Should you have any questions regarding this application please
contact the undersigned at your convenience.
Yours truly,

OMEGA HYDROCARBONS LTD.

R.A. Brekke, P. Eng.
Engineering Supervisor - Manitoba

RAB: jb

c.c.: L.R. Dubreuil - Manitoba Petroleum Branch
Reduced Spacing Application File
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"1z - Ath AVENUE S W
TAGARY ALBERTA CANADA T2P Q-3

TELEPHONE (d03) 261.0743
Fay 1403 264 569

Qctober 19, 1990

Working Interest Owners
Waskada Unit No. 4
(Addressee List Attached)

Dear Sirs:

Re: Waskada Unit No. 4
Proposed Drilling Spacing vnit Reduction

Under the terms of the Unit Operating Agreement for Waskada Unit
No. 4 please be advised that Omega Hydrocarbons Ltd. submitted an
application to the Manitoba government on September 28, 1990
requesting a drilling spacing unit reduction. The intent of the
application is to obtain approval to implement an infill well pilot
project in the southern half of injection pattern 5-24-1-26 WPM.
If successful, it is predicted that the pilot project will recover
an incremental 16274 m® of oil from the pilot project area.

Should you have any questions regarding this application please
contact the undersigned at your convenience.
Yours truly,

OMEGA HYDROCARBONS LTD.

M

R.A. Brekke, P. Eng. __-“““‘“‘“-\\

Chairman, Operating Committee

RAB: jb

c.c.: L.R. Dubreuil - Manitoba Petroleum Branch
Reduced Spacing Application File
Unit No. 4 File



WABKADA UNIT NO. 4
WORKING INTEREST OWNERS
Addressee List

Sabre Petroleums Ltd.
8th Floor, 1122 - 4th Street S.W.

Calgary, Alberta
TZR 1M1

Attention: Mr. Philip Miu



Waskada Lower Amaranth
Reducing Bpacing Pilot Project
Technical Presentation
(90/10/11)

Reservoir characteristics

- the Waskada Lower Amaranth reservoir is vertically stratified
with thin interbedded shale stringers thus the oil producing
sands are usually poorly developed with uniformly low
effective porosities and permeabilities. pgso - ...d5

- low reservoir permeability commonly translates into poor
wellbore drainage.

- fracture stimulations have been performed on most Lower
Amaranth wells to achieve economic levels of production,
however, fractures tend to skew production streamlines within

a waterflood pattern and reduce areal sweep. - i-du cec! Lroechne
ot TFedto n
- historical data indicates that water injectivity and pressure

maintenance have been achieved with the existing inverted nine
spot pattern injection scheme.

- since waterflooding was initiated the average oil production
decline rate within the pressure maintenance areas has been
approximately 15%/year.-

- various injection strategies and well workovers have been
attempted within the pressure maintenance areas but have not
been able to significantly alter the production decline rate.

- the estimated field wide oil recovery factor is only 15% OOIP,
current individual injection pattern recoveries vary between
2.4% and 18.3% OOIP.

- given the preceding reservoir characteristics the Lower
Amaranth formation appears to be an ideal candidate for infill
drilling.
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Waskada Lower Amaranth
Reducing Spacing Pilot Project
Technical Presentation
(90/10/11)

Pilot Project Design

- the 1985 reservoir simulation study indicates that trapped oil
saturations exist inside the 256 ha study area after being
wvaterflooded for 35 years.

- identification of the trapped oil saturations areas have been
achieved by using cumulative production maps and geological
fence diagrams.

- Omega has chosen to implement a pilot project with the intent
of confirming and quantifying the incremental reserves
associated with infill drilling at Waskada.

- the factors used to select the pilot project area were; above
average reservoir quality, good reservoir continuity, a proven
oil producing area, a low producing water/oil ratio, a single
injection pattern area, common working interest/royalty
owners, consenting surface landowners.

- a thorough review of the pocl resulted in selecting the
southern half of injection pattern 5-24-1-26 WPM for the pilot
project area.

- the proposed infill wells have been located between existing
producers which positions them outside the theoretical
production streamlines and between suspected northeast-
southwest fracture planes.

- modifications to the existing injection system will not be
necessary, plans are to use the existing injection wells to
maintain pressure and replace voidage taken from the infill
wells.




Waskada Lower Amaranth
Reducing Spacing Pilot Project
Technical Presentation
(90/10/11)

orec ot [ [+ 8

a base case forecast was developed for the pilot project area
using a current production rate of 11 m’/d, an economic limit
of 0.4 nlld per well and an annual decline rate of 10%/year.

assuming an OOIP of 483708 m® for the 5-24-1-26 WPM pattern
area current oil recovery is 16.8%, base case ultimate oil
recovery is predicted to be 23,3% S112650m) with average
recoverable reserves/well of 14,000 m’.

the incremental production forecast for the proposed infill
wells has been derived by assumlng initial productlon rates of
2 m*/d per well, an economic limit of 0.4 nlld per well and
incremental recoverable reserves of 4000 m® per well.

the infill well forecast increases the ultimate oil recovery
from the 5-24-1-26 WPM pattern area to 26.6% (128924 m®) which
is equiyalent to an incremental o0il recovery of 3.3% or
16274 m".

initial capital requirements are $624,000 ($156,000/well) to
dril)l and complete four infill wells; these costs have been
reduced by $30,000/well by using surplus equipment.

it has been assumed that the four proposed infill wells will
each qualify for an initial holiday o0il volume and will be
classified as new o0il production following the depletion of
the initial holiday oil volumes.

the pilot project economic parameters are; after tax NPV @
15% DCF = $159,000, after tax rate of return = 25.3%, after
tax payout = 3.3 years.




Waskada Lower Amaranth
Reducing Spacing Pilot Project
Technical Presentation
(90/10/11)

Working Interes m and 8

the proposed pilot project area is contained entirely within
the Waskada Unit No. 4 unit boundary and therefore will have
no detrimental effect on the correlative rights of offset
owners.

all lessees and lessors in Waskada Unit No. 4 will benefit
through increased revenues generated by the increnmental oil
production.

incremental freehold royalty payments are estimated to be
$389,900, incremental Crown royalty and production taxes are
estimated to be $37,200

due to economic considerations the four proposed infill wells
are planned to be drilled vertically and will require separate
surface leases for production.

to minimize the impact of reduced well spacing on surface
landowners Omega will position two infill wells on existing
road allowances.

surface obstructions will be minimized at the other two infill
well locations by using non built up trails and production
flowlines.

all parties effected by the proposed infill drilling pilot
project have or will be contacted by Omega prior to the
implementation of the project.
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ABSTRACT

This paper gives theoretical concepts and
some supporting mathematical model and field
performance data which demonstrate factors that
can be involved in recovery increases by infill
drilling. Many of these factors relate to
various reservoir heterogeneitlies wsl are

quantitatively more important in fluid injection
projects. Recovery increase by infill drilling
of low-permesbility waterflood projects can be
due to as many as nine different factors with
varying degrees of technical difficulty to
specifically quantitize. However, based on
performance and certain theoretical knowledge
and concepts, reasocnable factors involving
judgment can be developed as to percent of
original oil-in-place recovery increase.

Attractive conventional growth economics
based on increased ultimate waterflood recovery
are indicated for areas of low-permeability,
slowly depleting reservoirs with relatively
large amounts of oil in place. This is in
sddition to substantisl increases in current
rates of production and present worth, Typi-
cally, an increase on the order of I percent of
the original oil in place will be gained by
infi11 drilling from 40~ to 20~-acre spacing.
However, this can vary by a factor of two or
more depending upon the specific situation.

References and illustrations at end of paper.

INTRODUCTION

There is probably no place more than
reservoir engineering where a spirit of Hegelian
dialecticism applies. That is, there is "truth”
and "error." However, in the truth there still
exists some error. Consequently, with time a
uow LCUTD evolves thul is purged of some
previous imperfections. In the 1940's, Uren 1
Muskat,< and predecessor companies of Rocxon, 3
among others, published thinidng and results
properly decrying misapplications of Cutler's
rule. This had been a previous empirical
observation which indicated that primary
recovery in densely drilled portions of fields
was greater and proportional to the square root
of well density. It was generally shown that
this was due to migration from less densely
drilled areas of the same fields rather than an
increase in over-all recovery.

The tendency since about the 1950's has
been to consider increased recovery by infill
drilling as negligible or only to consider it
where some one factor in a particular reservoir
had a dramatic effect upon recovery. This has
been partly due to past limitations on ability
to realistically describe and simulate actual
reservoir heterogeneity and displacement. The
advent of numerical simulation and various
improvements in quantitative reservoir descrip-
tion and information evaluation techniques over
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the past 20 years, while still subject to
1ip”+ations, currently permit a more quantita-
ti. evaluation of these factors. For fluid
injection projects, the added aspects of point
injection, resaturation, and greater distance
of fluid travel due to division into injection
and withdrawal points, inherently tends to
magnify the quantitative effects of well
spacing, arrangements, lateral discontinuities,
etc., on recovery.

The purpose of this paper is to set forth
more explicitly these factors and their quan-
titative effects in the petroleum literature.
Due to the broadness of scope, it will be pos-—
sible only to highlight these factors. A
detailed evaluation of each one could well be
the subject of one or more papers in themselves.

CONCEPTS

The nine factors to be presented here as
having an effect on recovery increase by infill
drilling are (1) taiking advantage of areal
heterogeneity by giving favorable flooding
orientation (turn 5-spots 459, etc.), (2)
minimization of lateral-type pay discontinui-
ties, (3) recovery of "wedge edge" oil, (L)
improved areal sweep (minimiszing poor geometry
affects caused by the original well arrangement
end/or initial injection-production well selec-
tion), (5) better confinement of injection
fluids to pay zones, (6) better control of
injection profiles where sones exist that are
not generally in direct vertical commmnication,
(7) increased conductivity (rates) and reduced
per well economic limits, (8) reduced oil
shrinkage and isproved displacement efficiency
by accelerating injection and effectively
waterflooding at a Jescer atuge UI prismcy
depletion, and (9) possible adverse effects of
prior injection imbalance.

This paper discusses low permeability
reservoirs in West Texas. However, most of
these concepts apply as well in higher
permeability reservoirs. In addition, other
factors such as gravity and trapped gas satura-
tion can be involved in higher permeability
reservoirs. :

ANALYSIS

Favorable Flooding Orientation

The need for inclusion of layering, areal
sweep efficiency, and mobility ratio effects
in determining waterflood performence has been
well recognized for a number of years, These
and relative permeability, saturstion, and
fluid property data are generally employed in
some manner in all current waterflood predic-
tion calculations. One factor that can meke a
large difference in waterflood recovery in

practical field applications over and sbove the
factors cited is the presence of sdverse areal
heterogeneity. While this can be due to aniso-
tropic permesbility, poor flood perforsance
often appears to be due to natural or induced
vertical (high angle) fractures.

Fig. 1 schematically illustrates the
effects of an east-west type fracture orienta-
tion on resulting waterflood performance. This
is for an 80-acre five~spot waterflood where
intervening producing wells are on an cast-
west line to injection wells, In many of our
West Texas waterflood projects injected fluids
often have a preferential direction of move-
ment due to directional areal permeability or
pre-existing or induced fractures. As indicated
visually, injection water has preferentially
moved in an east-west direction resulting in
early water breakthrough at the existing pro—
ducing wells. Considerable oil is therefore
"trapped” in the area between the watered-out
producers at economic limits of production.
Infill drilling between the existing wells on a
path disgonal or perpendicular to the direction
of preferential water movesent will result in
additional oil recovery.

while attributable to highly directional
areal permeability by Hutchinson,% an early case
of flooding perfgrmnce of this type was re~
ported by Hunter” in 1956 for the North Burbank
Unit in Oklshoma. Reported fracturing of the
formation st a pressure gradient of 0.265 psi/ft
plus the highly directional nature of water
breakthrough indicates vertical-type fracturing
in light of current knowledge. Similar type
occurrences on either a limited or broad scale |
in a number of Amoco West Texao walerfloods have
lod to o guucrul policy of controlling injection
to below formation parting pressures.

Model results from various Amoco studies to
be cited were conducted with a two-dimensional,
three-phase mltiln.ygr "black 0il" mathematical
reservoir similator.® A five-layer model with
11 x 11 grid blocks per layer, with interconnec-
tion only at wellbores, was employed to repre-
sent a 40-acre symmetrical element of an 80-acre
five-spot. Corner blocks had one-fourth the
area and edge.blocks one-half the area of other
blocks. All waterflood model results to be
discussed are for low-~mobility waterfloods.
Fields were in various stages of primary deple-
tion ranging from intermediate to advanced with
gas saturations on the order of 9 to 18 percent
at start of flooding. Approximately logarithmic
permesbility distribution was employed with a
permesbility distribution factor (Kmex/Kmin)
ranging from 20 to 53. This ia ro equiva-
lent t0 a log-normal permeability vtsi.atim
factor as used by Dykatra-Parsons9' of about
0.63 to 0.75.




VANCE J. DRISCOLL 3

Figs. 2 and 3 show some model sensitivity
analysis results obtained during our 1970
--Anton~Irish Clearfork Unit Study. This is a
43 900=ft Clearfork field located in Lanb, Hale,
and Hockley Counties of West Texas. An 80-acre
five-spot pattern in Anton-Irish Clearfork
results in most producers being on a due east—
west line to injectors. Practically all wells -
in this unit were given large volume, high rate
fracture stimulation treatments at one time or
another. From well performance, it is not
always posaible to distinguish between the
effects of directional permeability or natural
and/or induced fracturing, particularly where
the fracturing may be 10° to 20° off of a direcy
line with the producing well. These particular
model runs were made to give a quantitative
"feal" as to the effect on well and field per-
formance of mxierate directional permeability or
a set of induced fractures.

To simulate a fracture, model blocks one-
tenth the width of the distance between well
rows had their east—west conductance increased
to 11 times their nfrmal value on a line
between injectors and producers. This in effect
doubled the east-west to the north-south con-
ductance, with this extra 100 percent conduc-
tance being confined to a narrow set of blocks.
This would be somewhat analogous to operating
an injection well so that amount of injection
was approaching twice the formation parting
pressure rate.

As shown on Fig. 2, recovery to a 95 per-
cent watercut was reduced from 35.3 to 25,8
percent, or some 9.5 percent of the original
oil-~in-place over the 80-acre vertically strati-
fied, but areally homogeneous, permeability
case. With a 2,25:1 uniformly higher esast-west
over north-south directional permeability orien-
tation, recovery of the original oil in place
was indicated to be reduced by 1.4 percent from
35.3 to 33.9 to the same 95 percent watercut.
Ceometric mean permeability was the same as the
homogenecus case.

Infill drilling, which turned the orienta-
tion so that flooding tended to proceed at an
angle to any moderate uniform directional per-
meability, resulted in essentially the same 36.0
percent ultimate recovery for a homogeneous or a
2,25:1 east-west to north~south permeability
orientation. For the infill five-spot, recovery
was not only accelerated, but also was incressed
from 35.3 to 36,0 percent of the original oil-
in-place to the same watercut. This is pri- .
marily attributed to effectively "catching" the
flood at a lesser stage of primary depletion
resulting in less shrinkage and slightly bettier
displacemsnt and sweep efficiencies. Actually,
due to (1) lower geometric resistance with a
closer pattern and (2) the fact that over-all
unit operating cost would not be fully doubled

with infill development, additional recovery
over the 0.7 percent of original oil in place
shown here to a common watercut should be
obtainable. However, effects of flooding at a
lesser stage of primary depletion and the
effects of increased geometric conductance and
lowered BOFD per well economic limits will be
quantitatively discussed elsewhere. :

Fig. 3 shows oil and water producing rates
vs time for the 80-acre five-spot with and
without the 11:1 east-west fracture. While
certain well performance, formation packer,
and borehole televiewer data indicate that some
limited east-west type fracturing exists at
Anton Irish Clearfork, the finite fracture runs
actually seem to resemble guite closely certain
performance that has been observed in the
Fullerton Clearfork Unit of Andrews County, West
Texas.

In the Fullerton Unit the basic pattern is
a repeating three-to-one direct line drive.
This consists of three north-south producing
rows between north—south rows of injectors.
an east-west direction the three inte
producers are on a direct line with offsetting
injectors. Characteristically, limited oil
response has been obtained with premature water
breakthrough and high watercuts at the pro-
ducing wells. On the other hand, high oll rates
and lower watercuts generally have been obtained
on certain initial infi11 wells drilled off the
east-west line between injectors.

Minimige lateral-Type Pay Discontinuities

A factor usually ignored in a quantitative
sense until the last few years has been the
effect of lateral-type pay discontinuities on
calculated recovery with different depletion
mechanisms. With LO-acre development, typic-
ally, oil must move up to 660 £t (745 ft
radially) to reach a wellbore, Additionally,
providing a small lense had been penetrated by
at least one well, it should be fairly well
depleted under primary operations. On the other
hand, with conversion even to the most densely
spaced waterflood pattern of an 80-acre five-
spot with the same nusber of wells, average
travel distance of injected fluids from an
injector to a producer would becoms in exceas of
1,320 ft and waterflood recovery would be obtains
able only if penetrated by both a production
and injection well. Poor sweep efficiency also
will be obtained from small lenses only
moderately greater than well spacing.

In

In support of a capacity allowable request
to the Texas Railroad Commission, Shell 04l Co.
as unit operator of the Denver Unit, Wasson
(San Andres) Field, presented datail in March
1972 to show that infill drilling would result
in an increase in ultimste recovery from this
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anit. Shell concluded that ultimate recovery
from the unit could be increased by the infill-
dr" ing programs in three different ways.
The._c were (1) a more uniform injection pattern,
iz better control of injection profiles, and

3) closer spacing in this heterogeneous reser-
voir.

While recovery increases were attributable
to several different factors such as improved
injection profiles and more uniform patterns,
jt also was estimated that some 18 million bbl
of incremental recovery would be obtained from
a designated 8,200-acre pre-1973 drilling area
as a result of minimizing lateral-type pay
discontinuities. Schematic cross—sections are
ineluded in a recent Society of Petroleum
Engineers paper, 12 while a sample detailed
cross—section is given in hearing testimony.

In essence, a detailed study by Shell geclogists
indicated that the pay section was broken into
a number of vertically separate pay zones, It
was further concluded that these zones were not
uniformally continuous in a lateral direction
and that portions either died out or became
ineffective as net pay as a function of horizon-
tal distance.

Fig. 4 shows percent continucus pay as a
function of distance for the Wasson (San Andres)
field as arrived at by Shell,1ll Differences in
laterally continuous pay of some 4 percent are
indicated between 20— and 4O-acre spacing. On
the average, 90 percent was indicated to be
continuous at a distance of 933 ft and 86 per—
cent continuous at a distance of 1,320 ft. As
may be noted at distances slightly in excess of
1 mile, the percent continuous pay decreased to
50 percent.

Since there were some 930 million bbl of
original oil in place in the initial infill area
of this unit, an 18-million-bbl increase would
represent a recovery increase due to this factor
of on the order of 2 percent of the original
oil in place. Certain studies in another West
Texas San Andres reservoir and a West Texas
Clearfork reservoir indicate the Wasson results
are realistic.

Since there usually is substantial con-
tinuity, pressure interference testing normally
wil) have insufficient resolution to prove or
disprove limited }Steral pay discontinuities.
Kunkel and Bagley*” present pressure and other
data in s 1965 article on the Means Queen Sand
waterflood of Andrews County, West Texas, which
tend to support some gross lateral pay dis-
continuities in this reservoir.

Recovery of “"Wedge-Edge" Oil

Situations exist in a number of fields
where "wedge-edge" 0il occurs due to (1) the
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dipping of the various porous zones and the
presence of oil-water or gas-oil contacts, §2;
the uneven lateral extent of pay zones, or (3
sioply inadequate edge development. Thus,
additional drilling is required to recover this
wedge—edge oil, Fig. 5 isa achematic cross-
section of San Andres porous zones that dip
below the oil-water contact in the eastern
portion of an Amoco-operated unit in the Wasson
Field. As indicated on the schematic c¢ross-
section, only Wells 116, 128, and 150 existed
prior to the infill<drilling program. Outlined
on the figure is the amount of wedge-edge oil
that would not have been recovered if Wells 227
and 24,2 had not been drilled, It has been esti~
mated that drilling additional wells in this
unit for this type oil will result in an addi-
tional recovery of about 5.5 million bbl at a
total investment cost of $1.26 million. This is
one of seversl examples that could be cited of
how additional drilling can be used in situs-
tions of this type to recover additional
reserves.

Improved Areal Swe

(Minimize Poor Geometry Effects)

Even without areal anisotropy, additional
wells can be used to minimize poor geometry
effects caused by the original well arrangement
and/or initial injection—production well selec-
tion. In a previously published Amoco paperld
it was shown that infill drilling two wells
between the existing three producers in a West
Texas Slaughter field "chickenwire" pattem
would typically result in an increase in
recovery of on the order of 3.6 percent of the
original oil in place. Fig. é conceptually
shows the improved areal sweep indicated by
drilling the two infill wells plus additional
production wells between the injectors on the
long diagonals of this pattern.

Shell, in testimony'l before the Railroad
Commission, estimated that some 14,000,000 bbl
of additional recovery, or some 1% percent of
the oil in place, should be obtainable through
jmproved areal sweep in the initial Wasson
Denver Unit infill-drilling area. This was by
infilling to a more uniform nine spot-type
pattern. In other situations it can be showm
that infill drilling end conversion of a five~
spot flood to an infill nine-spot will result
in increases in areal sweep efficiency since new
producers will tend to be in "trapped" oil
areas.

Confine Injection Fluids to Pay Zones

Another problem that can sometimes be fully
overcome only by infill drilling is the one of
confining injection fluids to the pay zone. Fig;
7 is a sketch that illustrates a problem which
has occurred in several of our West Texas :

O
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waterfloods. Primarily due to heavy stimulation
in the past to obtain maximum fluid producing

.es, various wells, when converted to injec-
vion, were found to be losing water in signifi-
cant quantities below the total depth of the
well,

There is a certain tendency for vertical
fractures to be confined within a porous zone,
particularly if pay zone pressures are low,
However, high-rate large-volume fracture treat-
ments have been found to sometimes result in
fractures that penetrate dense zones to un er-
lying or overlying porous water-bearing zoues.
Selective plugging, squeeze cementing, or other
remedial techniques are often only partially
successful in eliminating this problem. Fur-
ther, with high angle fracturing there is no
certainty except by prolonged observance of
of fset well performance, repeated pressure
pulse testing, etc., that apparent elimination
in the wellbore has really resulted in effective
elimination of commmication to an underlying
or overlying water-bearing gone.

Certain performance data gives quite
conclusive evidence that extensive fracturing
to underlying water zones in both injection and
producing wells has occurred in one of Amoco's
major West Texas floods. In another flocd,
isolated occurrences of this type were initi-
ally detected by major pressure responses at
wells two rows away from injection wells in a
direction perpendicular to the known fracture
orientation. Intervening wells had low pres—
sures in the pay zone since fillup had not yet
occurred. While various measures can be taken
with existing wellbores, infill drilling usually
provides for more effective alleviation of these
problems.

Better Control of Injection Profiles

Where various pay zones exist not in
direct vertical commnication, it would ideally
be desirable to inject into each zone in
accordance with its porosity feet or, more
precisely, its displacable oil saturation.

This would result in the highest amount of oil
recovery for a given amount of water production.
This is schematically illustrated in a highly
simplified manner by Fig. 8. Based on iﬁ
model study results, Shell has estimated®’ that
another 14 million bbl, or 1} percent of the
original oil in place, could be recovered for
the initial infill drill area of the Wasson
Denver Unit by increasing the vertical confor-
mance from the upper pay by one-half of that
between existing profiles and that obtainable
with uniform injection. They also discuss
various completion techniques most effectively
esployable on new wells and show results indi-
cating improved grofiles on new injection wells.
Another operatorl’ has discussed various

techniques that have been employed in another

unit in the same field to obtain improved

bigjection-nn conformance in existing well-
res'

Due to permeability variations, a com
pletely ideal injection profile is unattainable
except by mechanical separation and selective
injection. This implies an absence of natural
fractures, good cement jobs, and light selective
stimlations., With on the order of 30 to 40 ft
of separation being required to eliminate most
*behind-the-pipe" commmnication, this is often
not feasible without nonperforation of some
vertically separated thin pay zones plus
mechanically separated "restricted rate" flood-
ing of some of the naturally more permeable
intervals.

Another approach that has been employed
in the same field has been a modified open-hole
program. Pipe is set at the top of the pay,
the well drilled through the lower permeability
first porosity, and given a staged fracture
treatment. The main pay is then drilled and
given a low~pressure staged acid stimlation
below a packer., As opposed to older wells with
casing set high, this has eliminated most prob—
lems with water loss above the pay section and/
or out the bottom of the hole, More effective
stimilation of the lower permeability upper
zones also tends to result in more uniform
injection profiles.

A key improvement in waterflooding opera-
tions is believed to be to insure that all pay
is taking water. In addition to techniques
mentioned by others, the acid interface tech-
nique has been used to successfully establish
injection in porous sections not previously
taking water or production from porous sectioms,
not previously giving up producing fluids.
While the optimum means of accomplishing profile
improvement may be subject to debate, there is
no question that improving injection and pro-
ducing well profiles and confinement of injec-
tion to and production from pay zones should
lead to increased waterflood recovery.

Increased Conductivit
Reduced Well BOPD Iimits

Rate) and
Infill Dri

Another conceptual reason for increased
recovery with closer spacing is that the resis-
tance to flow is somewhat reduced. Typically,
this will increase per-well injectivity or
productivity by some i2k percent. The above
nurber is based on an average geometric condi-
tion ratio of 2.5 on 40-acre spacing, giving an
effective wellbore radius for flow purposes of
about 33.8 £t as sed to a nominal 0.32 ft
(7-7/8-in. wellbore).

For geometric conductance purposes, the
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4O-acre five-spot resistance is very closely
proportional to two times 1n (526.5/33.8) as

osed to twice the 1n (744.5/33.8) for an 80-
acre five-spot, Consequently, the geometric
conductance ratio of an 80-acre five-spot over
a 40-acre five-spot for the same 33.8 ft
effective wellbore is approximately in the ratio
of 6,182/5.486 = 1.125. Thus with doubled
density, injection and producing rates after
fillup are on the order of 2} times the 80-acre
flood rate for the same stage of depletion, same
pressure differentials, etc.

A 33.8-ft effective wellbore size also is
equivalent to a symmetrical vertical fracture
of infinite conductivity and of height equal to
the pay section and extending about 67.6 ft in
both directions from the wellbore for an over—
all length of about 135 ft as opposed to a
nominal wellbore diameter. Injection-well pres-
sure falloff testing indicates this is a fairly
representative value.

A further factor for West Texas floods is
that these are low-mobility ratio floods of an
intermediate to oil-wet character. Injectivity
declines until sometime after initial water
breakthrough and then increases as residual oil
saturations are gradually further reduced.
Thus, total system mobility tends to increase
in the later stages of depletion. Consequently,
for any given pattern spacing, producing a well
to a higher watercut also results in some addi-
tional increase in total system injectivity and
total fluid producing rates due to improved
mobility.

Fig. 9 shows the results of a systematic
investigation of these factors from our
Levelland (San Andres) Unit, Hockley County,
Texas, Feb. 1970 Model Study. A value of
formation flow capacity of 320 mi-ft is high for
the Levelland Unit. However, for this value an
equivalent 10 BOPD per producing well economic
1limit on the L2.5-acre infill five-spol gave
49.2 percent ultimate recovery as opposed to
48.1 percent ultimate recovery on the 85-acre
five-spot pattern. This is a recovery differ-
ence of some 0.8 percent of the original oil in
place. Corresponding watercuts were 98 percent
and 97.5 percent. However, a more reasonable
economic limit for the infill drill case could
be 9 BOPD or 98.2 percent watercut (80 percent
increase in total unit operating cost). This
would result in a recovery of 49.) percent or a
total spread of 1.0 percent of the original oil
in place in ultimate recovery.

At lower formation capacity (less than 320
mi-ft), ultimate waterflood recovery to an
economic limit under both patterns decreases.
However, the spread between the two cases con-
tinues to increase. For 53.3 md-ft, which would
be typical of the Northern Levelland Unit -~ May

Montgomery Unit area, thers is a total spread of
3.8 percent in ultimate recovery. This is
between 10 BOPD economic limits for the 85-acre
five~apot and 9 BOPD for the L2.5-acre five-
spot. Ultimate recoveries were 35.5 and 39.3
percent of the original oil in place, respec-
tively.

On the other hand, for high formation
capacity wells on a five-spot pattern, economic
limits may be controlled by the mechanical 1lift
capacity of the producing wells and the part of
the spread due to increased conductivity as
opposed to reduced average per-well operating
coat will be eliminated., For West Texas con-
ditions, it appears that there often will be
something on the order of a 1 to 2 percent
incresse in recovery of the original oil in
place due to increased conductivity (permissible
rates) and lower per-well operating costs at
economic limits.

Reduced Shrinkage and Improved
Displacement by Accelerated Flooding

Minor increases in ultimate recovery will
occur when less primary depletion has occurred
prior to repressuring by accelerated water in-
Jection. Due to less shrinkage, less stock tank
oil is left behind for a given residual oil
saturation. In addition, due to slightly lower
oil viscosity where more gas is retained or put
back into solution, there are also minor improve-
ments in mobility ratio and thus displacement,
vertical, and areal sweep efficiency. The West
Texas Grayburg, San Andres, Clearfork, and Yates
formations in question are relatively low
shrinkage crudes. However, some typical calcu-
lations for the Levelland (San Andres) Unit
indicated on the order of an additional 0.4}
percent of original oil in place would be re-
covered for each 100 psi higher pressure at
which flooding occurred in the intermediate
primary depletion range. Typically, there
might be 50 psi leas depletion by initially
going to an infill five-spot prior to fillup.
This would amount to about a 0.2 percent in-
crease in recovery of the original oil in place.

Amount of Prior Injection Imbalance

In considering infill drilling, the possiblg
adverse factor of amount of prior injection
balance must bes considered. In some cases, for
an infill nine-spot pattern, for example, it can
bs shown that a certain amount of prior injection
igbalance can sometimes result in increased
areal sweep. In others there is no question that
there will be a tendency for poorer areal sweep.
While we have made no generalized study of the
effects of Injection isbalance, results in
several specific model studies indicate that its
effect on ultimate recovery is less than would
sually be anticipated.
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In a recent modeling study of a San Andres
reservoir, complex modeling elements were
¢~ 1loyed to include the effects of substantial
1..,ection imbalance. One of these modeling
elements is shown by Fig. 10, along with the
optimum conversion and infi)l program arrived
at. As shown, a northern seven-well tier ele-
ment was involved with six potential 20-acre
infill locations. Wells immediately north of
the centerline had water cuts of 70 to 80 per—
cent even though perpendicular to indicated
1imited directional permeability. Over-sll, the
model included effects of prolonged center and
substantial edge injection with somewhat later
intensified 160-acre inverted nine-spot water-
flooding in intervening areas.

Due to prolonged centerline injection, it
did not appear feasible to convert the first
offsetting row of wells and infill a five-spot
producer. Leaving this first offsstting row
of wells on production and infill drilling
between it and the next row alsoc was not indi-
cated to be the optimum case as this tended to
create a trspped—oll area between existing and
new producers. Runs also were made eliminating
this second infill well entirely. The best
case, as shown by Fig. 10, was an infill five-
spot for the four northern locations and an
additional well nearly on line with existing
Row 6 producers.

Allowances were included for lateral dis-
continuity effects as well as areal sweep effi-
ciency and normal vertical-type stratification.
Appropriate minor differences in economic limits
were accounted for. Over—sll recovery increase,
indicated for the optimum infill flood pattern,
was about 2.2 percent of the oil in place. In-
creases in excess of 3 percent of the original
oil in place were indicated by pattern changes
and infill drilling in snother major area of
the field.

Other Benefits From Infill Drilling

Most major waterflood fields were origin-
ally drilled in the 1930's to the 1950's. Con-
sequently, there is only limited core data and
less reliable, older radioactive and electric
logs of that day available on most wells for
quantitative determination of amount and
detailed distribution of oil in place.
Similarly, more reliable native-state relative
permeability tests, etc., have only been obtain-
able via deepenings or infill drilling. Thus
infill drilling generally permits more accurate
reservoir engineering snalysis. This will
result in more effective field operation of
these floods and more accurate assessment of
tertiary recovery possibilities,

FIELD RESULTS
" while it is possible to show various

individual-well performance curves showing low
watercuts at infill locations or other factors
tending to support recovery incresases, it was
thought that it would be more effective to show
some over—all results before and after infill
drilling. For this approach to have validity,
it is necessary for a major amouni of water-
flood production to have occurred under one
pattern followed by a significant performance
period after infill drilling. Obscuring
effects of many progressive changes in water-
flood pattern throughout a flood's life would
have to be avoided. This significantly limits
the number of examples obtainable for a quan-
titative analysis from a decline-curve perform-
ance approach.

It is recognized that a decline-curve
analysis is not rigorous nor is it the normally
preferred method to analyze waterflood perform-
ance., However, its use was dictated by the
limitations on basic data available on floods
meeting requirements of a major waterflood
performance period before and after infill
drilling. In spite of the limitations on the
method of analysis, there appears to be no
question that recovery increases have occurred
in the two examples to be cited in view of the
well established declines before and after
infill drilling.

Infill Waterflood A

Fig. 11 presents decline—curve performance
indicating ultimate waterflood recovery before
and after a large-scale infill drilling pro-
gram for a large non-Amoco-interest West Texas
lease. Production is from a 2,600 ft to 3,200
£t Yates Sand-Queen Sand section discovered in
1929, The over—all gross section consists of
sand and shaley sand alternating with dense
dolomite. As of Dec. 31, 1955, the tract had
some 410 wells with a cusmilative production of
25,8&9,000 bbl and a decline curve indicated
ultimate primary of 32,299,000 bbl, Producing
mechanism was by solution gas drive. The crude
was considered to be initially saturated at the
1, 4,00-psig discovery pressure. Initial reser-
voir oil viscosity was estimeted to be 1.39 ¢cp
with stock-tank gravity of the oil being 32° A1/

While 10-acre spacing was permitted, pre-
dominate development density was LO acres.
During the period 1955 to 1958, the lease was
converted to waterflooding by infill and some
edge drilling. Predominate pattern was 40-acre
five-spot with injection wells lined up in an
east-west direction and most producing wells on
a 45° disgonal. Total well count was 820 wells,
including some 330 injection wells as of Dec.
31, 1958. The flood pesked at sbout 24,500
BOPD during 1962 at a total well count of 860
including 350 injection wells. As of Aug. 31,
1967, production had declined to 11,000 BOFD.
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While the over—all flood could be charac-
terized as a LO-acre five-spot there was
¢  ally some 10-acre development to a 20-acre
f.,e-spot or partisl inverted nine-spot pattern
in certain areas. Cumlative recovery as of
Aug. 31, 1967, was 80,516,179 bbl with an indi-
cated ultimate recovery of 100, 458,000 bbl based
on the established 15.5 percent per year decline
and the economic limit as shown by Table 1. An
additional 247 infill producing wells were
drilled primarily over the next 2-year period,
reducing density for the over-all 15, 320-acre
developed ares from 17.4 to 13.63 acres per
well., Ratio of producers to injectors was
increased from 1.31 to 1.97. Most of these
wells were infill drilled between the injection
wells on an east-west direction. As a result
of this drilling, the flood reached a new peak
of some 19,000 B/D, and it is currently on an
established decline of 16.7 percent per year.
Cumulative production as of Dec. 31, 1973 was
107,107,877 bbl, or about 7 million bbl greater
than the previously indicated ultimate water-
flood recovery. Current extrapolated ultimate
recovery is indicated to be 115 million bbl.
Current active well count is some 813 wells,
consisting of 512 active producers and 301
active injectors or a producer-to-injection
ratio of about 1.7 to 1.

A relisble pore volume number for oil in
place was not available to us; however,
dividing the decline—curve indicated wltimate
primary recovery of 32.3 million by a 12-percent
recovery factor would indicate an initial oil in
place on the order of 269 million bbl. Dividing
the 14.6 million bbl of increased waterflood
recovery by this number indicates an increased
recovery of some 5.1 percent of the original
oil in place. A detailed analysis of reasons
for the increased recovery is not possible.
However, it appears to be primarily due to
minimization of lateral pay discontinuities and
jncreased sweep by drilling in potential
trapped-oil areas. Better mechanical completion
efficiencies, etc., could be involved, but
detailed information regarding these aspects is
not available.

Infill Waterflood B

A second example of performance—indicated
increases in ultimate recovery by infill drill-
ing is given by Fig. 12. This is an 800-acre
developed Amoco-operated tract in a 4, 100-f't
Hest Texas Grayburg Field discovered in 1934.
Pay is scattered over a gross dolomitic section
of on the order of 230 ft. Average permeability
of the net pay ranges from 1 to 5 ml. The
field was under a solution gas drive mechanism
with an original and bubble-point preasure of
1,740 psi. Initial crude viscosity was 1.5 cp.

The lease was initially developed with

J

20-acre density on its east edge and 4O-acre
density over the western lower pay quality area.
An infill 20-acre double five-spot pilot was
fnitiated in the best part of this lease in
early 1956 by infill-drilling two producers on
10-acre density. The lease was in an advanced
stage of primary depletion at this time, with

a recovery of about 12 percent of the original
0il in place. Due to the infill, the pilot
injection wells were lined up east-west and
north-south with the infill producers at a 45°
angle. Based on satisfactory pilot performance,
the lease was converted to a full-scale five~
spot flood by converting certain existing wells
to injection in 1959 through 1960. This gave an
80-acre five—spot pattern over most of the lease
Over—all development consisted of 16 injectors
and 15 producers. The full-scale pattern was
such that most producing wells were on an east-
west line to injection wells.

The full-scale flood was characterized by
early water breakthroughs, poor oil response,
and excessive injection to withdrawal ratios.
Subsequent pressure and production interference
testa, wellbore televiewer logs, etc., have
indicated a natural and/or induced fracture
system having an orientation of 90° to 110°E of
N throughout this area. Infill drilling of 17
wells including one replacement, primarily in
1969 through 1970 changed the orientation and
density from an 80-acre five-spot to a LO-acre
five-spot over the western portion of the lease.
Total wells increased from 31 to 47, consisting
of 25 injectors and 22 producers. Production
increased from about 250 to a peak of over
2,000 BOPD. A number of infill wells were
initially completed essentially water free.
Over—all lease water cut dropped from 85 to 50
percent. Decline curve indicated ultimate water-
flood recovery was increased from 4,565,800 to
7,008,200 bbl. This is from 18.6 to 28.5 per-
cent of pore volume-indicated original oil in
place of 24.6 million bbl. The 2.4k~million-bbl
increase amounts to some 9.9 percent of the
original oil-in-place. While various factors
are involved, it appears that the primary reason
for an increased recovery of this magnitude is
providing flooding across the existing fracture
orientation. In the original pilot area, which
was drilled to 10-acre spacing, double 20-acre
five~spot physical cumilative recovery is
agpmaching 31 percent of the original oil in
place.

SUMARY

Various theoretical concepts have been
presented demonstrating reasons for increased
recovery through infill drilling. While these
were oriented toward formations of lower perme—
ability being subjected to waterflooding, most
have general applicability. Certain model
results have been presented or referenced which
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support these concepts. Indicated recovery
increases from several field case histories as

ported by well-established waterflood decline|
curves before and after infill drilling are pre-
sented. In addition, an extensive study by
Shell 0il Co. for the Wasson (Sen Andres) Field-
Denver Unit indicated a recovery increase for
the area infill drilled of up to 5 percent of
the original oil in place. This consisted of
14-percent improved areal sweep efficiency, 14—
percent improved vertical sweep efficilency, and
2-percent improved recovery due to reduced
lateral discontinuity effects. Another Amoco
study is cited, which without benefit of .
improved areal heterogeneity effects and consid-
erable injection balance, indicates an increased
recovery of about 2.2 percent due primarily to
minimization of lateral discontinuities and
economic limit effects.

COM];:USIONS

1.
recovery.

Infill drilling can indeed increase

2, For low permeability waterfloods,
incressing well density from L0 to 20 acres will
typically result in a recovery increase on the

order of 4 percent of the original oil in place.|,

3. Amount of waterflood recovery increase
will normally range from about 2 to 8 percent
of the oil in place; however, higher values such
as 8 percent will be obtained only where marked
arsal heterogeneity effects exist that will be
overcome by the infill drilling.
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TABLE 1 - PERFORMANCE ANALYSIS OF ULTIMATE
AND AFTER INFILL DRILLING -

gefore Infill

Date

Producers

Injectors

Total Wells

Rate

Annual Deciine Rate
Economic Limit

Future
Cumulative Prod.
Ultimate Waterflood

After Infill

Date
Producers
Injectors
Total Wells

Rate
Annual Decline Rate
Economic Limit

Future
Cumulative Prod.
Ultimate Waterflood

00IP

Increased Recovery
Approx. % 001P
8bls./Infill Well

WATERFLOOD RECOVERIES BEFORE
CASES A AND B

Case A Case B
8-31-67 12-31-68
500 15
380 16
880 Nn
11,000 BOPD 242 BOPD
15.5 %/¥r. 15.8 %/Yr.
1,928 BOPD 93 BOPD
2.2 BOPD/TW 3.0 BOPD/THW

19,841,821 bbls.
80,516,179 bbls.

319,000 bbls.
4,246,800 bbls.

16"0,“?3 a"’ﬁ,o bbls. (37.3%) I’,‘S’s‘f’,‘sﬁﬁbbls. (18.6%)
12-31-73 12-31-73
747 22
380 25
1,127 47
6,400 8OPD 680 BOPD
16.7 $/Yr. 17.2 %/Yr.
2,480 80PD 141 BOPD
2.2 BOPD/TW 3.0 BOPD/TW
7,892,123 bbls. 1,050,400 bbls.
107,107,877 bbls. .957,800 bbls.
T15%000.000 bbls. (42.7%) H505.200 bbls. (28.5%)

269,000,000 bbls.?
14,642,000 bbls.

5.4 %

59,300 bbls.

24,612,000 bbls.

2,442,400 bbls.
9.9 %

152,700 bbis.
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CUMULATIVE WATERFLOOD OIL PRODUCTION
PER 80 ACRES-MILLION BARRELS
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PRODUCTION FROM 80 ACRES
BARRELS PER DAY
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Fig. 1—Raja production atter inlili,

conclusion implies $30/bbl [$189/m3] nominal crude price and
10% minimum discounted-cash-flow rate of return (ROR). At
$20/bbl [$126/m3), the gro;emon by EOR process is 4.4
billion bbi [700x 10¢ m3] for thermal processes, 2.0 billion
bbi [318 X 106 m?) for miscible processes, and 1.0 billion bbi
{159 % 106 m3] for chemical processes, for s total of 7.4
billion bbl [1.2x10° m?].

There is significant upside potential because of technology
improvements. but a1 $20/bbl [$126/m?], there is insufficient
incentive to develop it. With crude prices at $20/bbi
{$126/m?} and below, infill drilling would appear to have
potential equal w or greater than EOR processes. We mast
stress “‘potential”’ bere; the number and quality of infill
locations have never been determined nationatly.

The combination of infill drilling and EOR in the same
project can be every effective. Restine er al.7 described an
infill drilling project after a testiary steamflood was complcted
mmwwmd4wnoomm
infilling from 1.25 10 0.625 acres/well [0.5 to 0.25 ha/well}.
Ahernatively, infill drilling before a tertiary miscible or
chemical process has the benefits of better patiern cootrol,
shorter project life (bester ROR), and improved areal/vertical
sweep. The incremental recovery generated by the infill
may be more than sufficient to pay out these wells before
tertiary project.

Fleld Experience
Why is infill drilling suddenly as an incremental
process after 50 many years of waterflooding

experience? One answer Is that infilling has always been a part
of good waterflood management. it has not been recognized,
however, as an increméntal recovery process until recently,
and it had not been separately from total waterflood
performance until the carly 1980°s,

TABLE 1—-SUMMARY OF INFILL-DRILLING INCREMENTAL RECOVERIES
Project Volume  Volume per Well  InfHl Spacing Volume
Project Number of Wells (10® bbi) {107 bbh (acres) ({bbi/acre)
Means San Andres
20-acre infills 141 15.4 109 20 5,450
10-acre infills 16 t.2 75 10 7.500
Fulierion Clearfork 254 248 97 20 4,050
Roberison Clearfork 138 10.7 78 18 4,3%
1AB (Menielle Penn) 17 1.7 100 40 2,500
Hewitt 15 0.4 27 5 5,400
Loudon 50 0.97 1% 10 1,800
Yates Sand 247 146 59 10 §,000
Grayburg 17 2.44 144 20 7.200
Wasson San Andres {Denver Unit) 283 1.0 174 20 8,700
North Riley Clearfork Unit 91 13.2 145 20 71.250
Dollarhide Clearfork “AB™ Unit 44 8.52 125 20 8,250
Total (or well average) 1,323 141.7 1071 17.5 6,120
pre Although field experieace with infill drilting is extensive,
relatively littie has actually been published. When
[ knowledgeable engineers are asked why, the answer usually
- comes back in the form of **we're 100 busy making money w
St analyze the process.” This leads one to believe that infilling
r'_, L. RATE ) may already be extensive and, as such, might not have as big
& \ N a potential as theoretically possible because it is already
2000 |- ] included in current reserves 1o an unknown extent.
- : 4
E [ \/\‘ \“’"\/ s (il Project Reviews. Infill drilling results are sketchy but cover
£ wool \,\ ) the full range of projects from primary to tertiary. Here we
i e 1| highlight some field case studics.
i P AL AT ] Primary, The Raja fiedd,’ located in South Sumatra, was
. mee M8 B B2 CED CBA RS e ST M W e CTCTE IR T TS TR WY pM‘M frm Im w 1976 ﬁm‘ 36 wel]s on M pz-h]
vian spacing. Between 1976 and 1978, six wells were drilled, which

itx;msed production from 300 to 3,500 BOPD [47.7 10 356
m#/d oil).

The geologic setting of this field is complex, with production
from many limestone and sand zones over a gross interval of
1.500 fi {457 m]. The chaanel-type sands meander and drape
across the structore.

The Raja field primary infill project showed more than a 10-
fold increase in production caused primarily by lateral
continuity effects. Fig. 1 shows the performance of this infill
project.

Secondary. Fig. 2A shows the of infill
waterflood projects in the North Riley (Clearfork) Unit. Since
1984, 91 infill wells bave been drilled in the Noeth Riley Unit,
producing more than 3.2 million bbi [509 % 10% m?] of oil.
Infill wells currently sverage 29 BOPD/well (4.6 mI/d
oil/well], sccounting for 70% of unit production. Ultimate
production from infill wells is forecast to average 145,000 bbi
[23x10% m?) of oil per well on the basis of decline-curve
is. To date, no evidence of imerference has been

With the drilling of these infill wells, the wnit has evalved
from an 80-acre [32-ha} five-spot 0 an 80-acre [32-ha]
inverted-nine-spot waterfiood. Thesefore, the current thrust of

i

of infill waterflood projects
{Cleszfork **AB"") Unit. Since 1930, 44 infid
have beea drilled in the Dollarhide Unit, producing more
bbl {421x 10} m?) of oil. Infill wells
more than 90% of the 2,000-BOPD

:
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Fig. 2A—Production datagraph—Nonh Riley (Cleartork) Unit.

in the unit should be finished in 1989 when the few remaining
socations have been exhausted.

Tertiary. Restine et al.? showed results for three infill
projects that occurred after the initial steamflood. Fig. 3 shows
the production from the Canfield R} and R sands that resulted
from infills after the original steamfloods were completed.
Incremental recovery was about 1.76x106 bbl [280x 103 m?]
for 80 wells on 0.625-scre [0.25-ha] spacing, or about 35,200
bbl/infill acre [13.8x103 m3/infill ha). The total net pay was
sbout 148 fi [45 m] with a porosity of 31%. The incremental
srecovery of infill as a quaternary growcs resulted in 238
bbl/infill acre- [0.03 m3/infill m3).

Summary of Results. Results have been reported for only 11
sccondary infill projects to date, covering 1,323 wells, as v
shown in Table 1. The total incrementat recovery of these
projects is 142 million bbl [22.6x 106 m?) for an average of
107,100 bbl/well {17x 10> m3/well}. Table 2 provides a
deusiled summary of these 11 projects. Intuitively, we might
have expected to séc 3 trend of recovery with viscosity ratio.
Unfottunately, there is no obvious trend, but the average of
6.120 bbl/infill acre [973 m¥/infill ha] cas be compared with
Holm’s national sverage. If we use a well spacing of 17.5
scres [7.1 ha), which is the average of reporied projects, and
we use Holm's estimates of 34 x 103 w0 47x 10% bbl/well
[5.4x103 w0 7.5x10% m3/well], then his estimate

1o 1,940 to 2,680 bbl/infill acre [762 two 1053 m’/infill ha),
with an average of 2,310 bbl/mfill acre [907 m?/infill ha).

b is interesting 1o note that the fields reported 10 date show
an sverage of nearly three times Holm's estimate. This tends
%o confirm Holm's estimate, because the field data are mostly
west Texas carbonates with the beaefit of improved contibuity.
The continuity effect in these fields would tend 1o put them
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history.

can suffer the same inefficiency, however, unless careful
analysis is performed %0 determine the cause. The infill project
design must properly account for this.

Injection performance is another valuable clue that i ofien
overicoked. In an ideal flood, all injectors should be balanced,
and the injection/production ratio should also be balwced. ke
reality, these two values scver are belanced on & patiern-by-
paticra basis. Setting wp streamline models and Jooking for
design. Streamline models that do not account for reservoir
beicrogeneity, however, can do more harm than good.

Reserveir Description. Without a good reservoir description,
ﬂ;egiskthumhﬁﬂpmjﬂmynotnmwdhmhigh,
particularly if the origioel project efficiency was poor.
Although the infill opportenity may be high, if you do not
know the resson for the original behavior, you cannot design
an appropriste infill strasegy.
chqkmwmmlheﬁmuph
preparing a good reservair description. Lithologies need %0 be
mapped and reliable models of the depositional eaviroament

_ continuity
average patiem properties. Of particular interest are net pay,

porosity, and OOIP or current oi? in piace.

Seismic Data. Both two-dimensional and three-dimensional
seismic data can be very meful after the initial waterflood bat
before the infill project is designed. In many cases, the

' nl




TABLE 2—SUMMARY OF INFILL DRILLING PROJECTS

Futlerion Robertson
Means San Andres Clearfork Clearfork IAB Menlalie Penn Hewitt Hoxber
Rock Dolombite Dolomite Dolomite Limestone Sandetone
Depth, 1t 4,400 7,000 6,500 8,800 2,000 to 3400
Gross thickness, it 00 800 1,400 —_ 1,500
Net thickness, it 92 92 200 o 300 45 100 10 170
Porosity, percent 9 10 83 7 e
Permeabliity, md 20 3 0.85 27 184
interstitial water, percent 2% 74 30 —_ 21
Aesicual oll, percent 8 28 24 -_ .
Temperaiure, *F 100 117 17 134 96
Dykstra-Parsons coefticient - 0.83 - _ 0.73
Fluids
Gravity, *AP| 28 42 32 a4 1]
FVF 1.04 1.82 1.25 1.86 1.13
Saturation pressure, pel 3o 2370 1,700 2,826 905
Qil viscoslty, cp 6 0.75 1.2 0.2 8.7
Water viscosity, cp 0.8 0.6 0.8 05" 095°
Viscosity ratio 1.5 125 2.0 0.4 92
Infilt Projects A B
Number of wells L3 16 254 138 17 15
Acres per well 20 10 20 18 40 5
Infill water cut -— — - - — 96 w 87
Incremental oil, 10¢ bbi 15.4 1.2 246 10.7 . 1.7 o4
Incremental per well, 102 bbl 109 75 7 78 100 k44
Incremental per well per
Infill acre, bbliacre 5450 7,500 4,850 4,330 2,500 5,400
Eatimated incremental
recovery, % OOIP 5t08 2tos 304 - 4 —
TABLE 2-—-SUMMARY OF INFILL DRILLING PROJECTS (continued)
Wasson Dollartide
Loudon Penn Yates Sand Grayburg  San Andres North Riley “AB” Unit
Rock Sandstone Sandstone  Dolomite Dolomite Dolomite Dolomite
Depth, t 1,500 2,600 to 3,200 4,100 $200 6,300 to 7,300 £,800
Gross thickness, it -_— - 20 306 w 500 1,000 1,900
Net thickness, it 16 - - 137 100 t0 400 100 %0 150
Porosity. 20 - —_— 12 ] 10
Permeabliity, md 100 — tos 5 12 1"
interstitial water, percant — - - 24 % 18
Residual oll, percent 2 - - 40 25 k<]
Temperature, *F T8 86" 101* 105 107 12
confficlent 0.42 -_ - - —-— -
Fluide
Gravity, *APt as k4 - <] -3 »
FVF -_ - - . 1.12 1.20
Saturation pressure, pel -_ - - 1,005 1,200 2,190
Oll viscosity, cp 5 1.% 15 13 ass 19
Water viscosity, ¢p 1.05° 0.95° 08 0.7 078 (1]
Viscosity ratio 4.8 1.48 1.9 1.85 34 117
Infitt
Number of wells 50 247 17 . <] " “
Acres per well 10 10 .4 20 20 2
Infill water out 90 —_— [ —_ -— -
incremental off, 10° bbl 0.97 148 2.44 §1.0 132 5.5
incremental per well, 10 bbl 1% ] 144 174 145 125
incremental per welt pet
infill acre, bbl/acre 1,900 5,900 1.200 8,700 7,250 6350
recovery, % OO -— 54 2.9 ] ] i
*Estimeind velve.
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desl provide information on directional permeability. Use
of u‘:dzn well 1est analysis methods to determine whether
dual-porosity behavior exisis can yield some surprises.

Tracer Tests. Tracer iests can give information that is
anavailable by any of the previously discussed .
Wagner [0 provides excellent examples of what can be learned
from tracer tesis. .

Trmmmthcodypncdcdmhodofwmgw
amllvenicalsweepcfﬁcimw‘fniﬁn:pmem. Brigham and
Abbaszadeh-Dehghani!! showed that these measurcments can
nlsobcusedlodacminemer:mivchyermsponsemd
estimates of effective vertical beterogencity. These tesis can be
critical in determining whethet permeability barriers of
snisotropy exist and 10 what degree.

l.mneedfotapﬂotpmpawobumgoodlo;mdm
dnl.lfapilotisalbdfa.thenamumlqbe
includedsombteforuulmdmﬁulmm.

z.bﬁﬂpmmmlhuﬂinedﬁve_wﬁmﬁve-spm
mmm)mmmmmww
rewrvom.optimmpmmmgmy_reqnmlndemdy.

3. Setectiveisolnimotpolymcrpluggmgofmemd

jve (thiel) zones. ]

4. Stim“htionotfrmin;uquuemﬂls.

SEuumleddrillm;mdmvmmcm

6. Pmduaionhcililychn;ubw@m[ormdmdm

" el oof Baterdmwm Tochaninow. March 1989
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Fig. 5--Continuity vs. distance between wells.

waterflood and infill do pot behave as classic declines would
pmdianculheeoonomkﬁmh,whichilwhae!hisaulyds
must be performed. The only realistic way to estimate volumes
is through some form of modeling, cither numerical or
analytical,

Recovery Mechanisms

- )
The infill well, between original
meuMnthlAuB.uﬂhptwﬂun
i mmdmmmwmld



spacing. Because the Fullerion and Wasson curves are based
on relatively large spacing, they might also move down with
more infill data.

Now consider infill drilling from 40- 10 20-acre {16- to 8-ha)
spacing on the Means curve. We would expect to see & 14%
increase in continuity with most of the new oil a1 virgin
conditions. Data®3-13 coofirm this effect. Although this effect
is dominant in west Texas carbonates, other types of reservoirs
can benefit from other mechanisms.

Improved Areal Sweep. 1f 2 reservoir is truly homogeneous,
then infill drilling will have only a small impact on i
recovery. The primary effect of infilling in this case is
mlcmion.lntbcemmidedase.inﬁllingdounotoccm
until 100% water cut, which implies 100% recovery of mobile
oil. In reality, infilling would occur before the economic Limit,
nndd:anmnlofinutmlmmuydcpendsondudcpu
ornulbemogmeityocmiswopy.lhewmunuthe
econmnic!imil,dzwnc:auuwhichinﬁllin;oown.mdlhc
flood mobility ratio. This effect is shown schematically in Fig.
6.12 which plots oil cut (1—f,) vs. recovery. At 100% water
cut. the continued recovers all movable oil. If the
economiclimitweraﬁimuumdtbeinﬁﬂoecumdu
T 90%. bowever.mﬂ\chﬁllptmdelivmuinaemal
ofA.E,,--AE,,uthcnmeeconomiclimit.The
mlaaﬁoneﬁeakﬂmnbytheincmscinoiluudming

(weaspus).usbownmiaﬂyhﬁ;.?fornﬁvﬂpm
panern. Fig. 9a shows the streamlines before infill drilling:
Fi;.hdmﬂumnuponﬁnxoﬂmum.hﬁ;.k.
tbewigimlpmduwismvemdbminjmnﬂﬂlhe
eompleﬁonofnnewpmducuuﬁuinﬁllloclhn.‘rhzm
ummlim:weepmﬂtmofhi;heﬂoilanmﬁon.
Fi;.lstnwstheeﬁeddwuuanuinﬁllforlhe
enemuuseuaﬁmcﬁon'ofoﬂlmvisemiwnﬁofor
an assumed set of relative permeabilities. These results are

Before Inflll Afver Infill

[TX1]

Kop = .60 3 Layer Completion

Fig. 7--Schematic of inll cases.

Fortunately for this analysis, no ficlds are homogencous.
Now consider a simulation case based roughly on the Grayborg
field* experience. In this field, the original waterfiood paticrn
nppanmhnbemaﬁpedwﬁhldirmﬂpumnbﬂiw
cﬁeﬁ,ncvidmdbywiymmhhm;hmdpwoﬂ
response(swwpdﬁchcy}.AﬂuhﬁlllSSlmuﬂ.h
man&upmﬁ!nndhumnﬁﬂmyhm
10 be 10% of OOIP. The viscosity ratio is about two.

Fig.9sbowstheeﬂeaddﬁtcﬁmﬂpﬁmbilitymd
visomitynﬁomrwuvuy.mhigherthcnﬁuofx-dirm
1o y-direction ity, the greater the infill recovery. The
reason for this is the ceation of 3 *“water wall™ or line source
wmmmmmm,uhjmkeﬁm

amproves sweep efficiency, as shown by

SescTint
Daernﬁniuheualvuhﬁonofoﬂmﬁmw

pcmwal_:ilkyhvuydiﬁmhbumryﬁlmhﬁll

duignu\o:mde.hhu.hmm.w&inm
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TABLE 3—PERMEABILITY RATIOS
N A FOUR-LAYER SYSTEM
Kpe
Layer _0_4_ _o_!. 0.85
1 0.50 0.26 0.036
2 0.7% 0.52 0.18
3 1.1 1.06 0.74
4 1.85 2.18 .09
] ld elS
. , 121 Y
990 0 100 1000 “
Viscosity Ratie, F, M, =05
Fig. B—Eflect of watercutatintillon incremental recovery— .104 —o— [nfll Al Layens
homogenegus Case. 1nfill 3 Lagers

.08+

0.80

084

Incremental Recovery of Infiil

Fig. 10—EMtect of selective perforaton ol infll incremental

recovery.

dependsonlhcde;mofcrossﬂowbetwmtbcncwu:ﬁvc dniucrmﬁﬂmq.ndmuchmismdy'nolmd.
zones and the isolated (thief) zones. Fig. 12 shows the incremental infill recovery as & function
Whhme—mm—hmmmciﬂl.lpp.lhepemubﬂhy o{visoocitynﬁo.}",mdtuuninﬂnmmdgos
ratio of A/k can be distributed over a four-layer sysicm s falmmf-hyumpmmmuw
sbowninTableB.Inthisuble,thehigMnﬁoisudl_e mymm_whhinuﬁnglu.mm
bmom.un:dﬁdmmwumywwcvemﬂywbm mw,uuwmm
aﬂeainglbeeoeﬂ':ciemxm.lnmisuse.hycr4ismept wfwymmwmmhu
mﬂyclmnbefoninﬁll.owiu:ﬂy.mhymabwldbe nmamn_smm.ﬂaouﬂwdnunmu&mdumm
nsedifmuxyhnquhed.hnmmbuckwupbw umw.umnmmnmuu
trends oaly. mm.u-mum.ummmm
Considetdnmﬂnwnnchemﬂienﬂyinﬁ;.?d.mhﬁﬂ are istic.
produo:rhasbmwmplaedhthruof‘thefmuhym. Care must be wsed in taking absolute values from Figs. 8
isolating the thicf zone except for crossflow Fig. 10 shows the &mgbl!bmﬁeymhuuuuﬂmiuof
incremental infill recovery as a function of vestical movable oil (pot OOIP) and they are at the point of
huemgenehy(xp,)fumdiffuumuynﬁu As the infill water cut equal 10 economic mit (fy =f\)- Fig- 6
Koe , recovery also shows that at the extreme ecosomic equal to 100% water
inczumfotthethm—lay«mldmm.cmleﬁn;nﬂ m(wooﬂm).hmmhmhammlhﬁnmvuy
four layers shows incremental with because of areal of vertical sweep effects. I, bowever, the
.mdurlyll»mmej\mﬁmionbt economic imix were 95% with infill performed at 90% as
sclective isolation or plegging of thief zones afier shown in Fig. 12, the incremestal recoveries would be as
mmmkmmmmm thMihmeﬁa.?,.Mmh
ficld data, but & can bave a sigrificant effect on use one set of relative permeabilitics. Oil/water viscosity ratios
recovery. Fig. 11 shows the effect crossfiow using the in the range of 1 %0 300 correspond 10 mobility ratios of about
m:,mwzmmmvm:goo.- 0.3 10 3.0, depending on tho rélative permeabilities st
“layer-cake” model exists, while st Jg= oo, breakthrough Mmh,ﬂddn'w
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Fig. 11—E!Nect of crossliow incremenlal infill recovery.

Another way 10 analyze these results is to compare infill
with remaining reserves, as shown in Fig. 13. The vertical
bars represent the full range of viscosity ratios of 1 to 300, so
w:mmmudxmlummchmwuiﬁvetoverﬁn!

evaluation.® The charter of this task force would be to
determine the polential incremental recovery that could be
achieved in the U.S. by infill drilling of primary production,
of waterflood projects, and in association with tertiary EOR
projects. As a pant of this work, the task force would idestify
how moch of our current national reserve was a result of
waterflooding in peripheral floods, original pattern floods. and
infill pattern ficods.

One o more predictive models, similar wo those crested by
DOE/NPC for EOR processes, 6 should be construcied &
evajuate both the technical and economic potential of the mfill
drilling process.

SPE should consider sdding infill drilling w0 its Enhanced
Ol Recovery Field Reports series 1o encourage more reporting
of project results. SPE should also consider special forums or
decliqmapmgnmwthismbjaunmewmoremnud

meetings.

University research programs should begin so include thesis-
leve! projects in this area. The DOE should be encouraged w
provide funds for new research programs.

Conclusions
1. Infill drilling provides incremental recovery in addition ©

3. Infill drilling can improve the economic limit and thereby

economically, .

4. Infill projects are not without risk and require detailed
reservoir description and infill project design 10 improve the
chances for success. .

3. Results of simulstion and ficld projects show that i@
drilling can poteatially provide incremental recoveries equal ©
or greater thas BOR processes on an individonl field besia.

6. Becanse fnfil) drilling ks standard waterflood




4. The true magnitude of national reserve sdditions through
jafill drilting 18 onknown and difficult to determine, atthough
y- ential could be high.

*ombining infill drilling with EOR projects as either a
pre- of postphase offers great potential.

9. Reservoirs that exhibit relatively poor initial waterflood
efficiency on large spacings should be anatyzed as candidates
for incremental recovery by infill drilling.

Nomenciature

E, = recovery efficiency of movable oil, fraction

E, = infill recovery efficiency at economic limit {fuy wfie)
E, = infill recovery efficiency
E, = recovery efficiency for continued waterflood

£, ™ water cut

S = Waler cut at economic limit

[ ™ infill water cut

F_ = viscosity ratio (oil/water at reservoir conditions)

A, = net thickness

h, = gross thickness

1., = crossflow index = (L/h, Yk ylk,)%3
‘I = permeability

= x-direction permeability

k, = y-direction permeability

Kpp = Dykstra-Parsons coefficient
N’ = cumulative oil production
q; = initial flow rate =total rate
q, = oil e

§, = initial od saturation

S e ™ fesidval oil saturation
V, =PV

Superscript

T = average
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Infill Drilling Enhances
Waterflood Recovery

Ching H. Wy, SPE, B.A. Laughlin,* SPE, and Michel Jardon,

Texas A&M U.

Summary. Two sets of west Texas
carbonate reservoir and waterfiood
data were studied to evaluale the im-
pact of infill driling on waterfiood
recovery. Results showed that infill
driling enhanced the current and
projected waterflood recovery trom
most of the reservoirs. The estimat-
ed ultimate and incremental infill-
drilling waterflood recovery was cofl-
related with well spacing and other
reservoir and process parameters.
Results of the correlation indicated
that reducing well spacing from 40
to 20 acres [16 to 8 ha] per well
would increase the oil recovery by 8
to 9% of the original oil in place
(OOIP). Because of the limited data
base and regressional nature of the
correlation models, the infill-drilling
recovery estimate must be used with
caution.

introduction

The concept of optimal well spacing for oil
recovery has becn an important and con-
troversial subject!® for more than 30
years. Before 1960, ultimate recovery by
primary mechanisms was considered to be
independent of well spacing. 2% In 1969,
Davis and Shepler® reported that by reduc-
ing well spacing from 40 to 20 acres [16 10
8 ha], primary oil recovery from the San
Migue! Unit of the Sacatosa field in south-
west Texas was increased by at feast 14%
OOIP. The relationship between primary ul-
Gmate recovery and well spacing was not
well established, possibly because reservoir
heterogeneity was not considered. 1¢
Waterflood technology began developing
in the early 1920's and became popular in
the 1950's. Mainly for £CONOMIC FEASONS,
the use of existing wells with some addition-
al infill wells was common for waterflood
projects, but the impact of well spacing oo
optimal waterflood recovery Was Dot seri-
ously considered. In 1971, Emmett et al. 1}
that reducing well spacing from 40
to 20 acres (16 to 8 ha} economically ac-
celerated the producing rate and increased
ultimate recovery by gas/water injection in
Wyoming's Tenslecp reservoir. In 1973,
Thomas and Driscoll 12 reported that infill
drilling in chickenwire paticrns in the
Slaughter field, TX, increased oil recovery
by an average of 3.6% OOIP and was prof-

ftable.

Infill drilling for improving waterflood
recovery was initiated in the early 1970°s
in the carbonate TESETVvOIrs in the Permian
Basin of west Texas. Resuhs in the
literamure 1321 indicated that infill drilling
can improve ultimate recovery from heter-
OgCNCous reservoirs; however, a consistent
setofﬁelddauwunotlvnillblcforde-
veloping a corrclation between waterflood
recovery and well spacing.

The objective of this study was to acquire
a set of consistently evaluated ficld data from
west Texas carbonate reservoirs to deter-
mine the impact of infill drilling on water-
flood recovery and to develop lincar,
regression models comrelating waterflood
recovery with respect 0 well spacing and

Effect of Well Spacing
on Waterflood Recovery

Reservolrs Studied. For this Phase 1 study,
24 reservoirs were selected from Railroad
Commission of Texas Bullerin 82.2 The
purpose of this study was to use publicly
available data base to evaluate statistically
the effect of well spacing on waterflood
recovery. Table 1 lisis the reservoir units
and properties. Reservoirs developed on a
five-spot pattern only were selecied, 1o avoid
the effect of different flood patierns on oil
recovery efficiency and on the correlation.
In this study, the well spacing was of
primary concern; the effect of infill drilling
on incremental recovery wis not considered.
The reservoir and process daia were ob-
1ained mainly from Bulletin 82. The data
were adjusted and updated with additional
data gathered from Railroad Commission
of Texas dockets and from the litera-
ture, 12.15.16.19.23.24

The reservoirs studied are Jocated in the
regiononﬂmenoﬂheudofthewwa!hasin
platform and ‘Midiand basin and south of the
Matador Arch, as shown in Fig. 1. The pays
of these rescrvoirsnreinﬂ:elowpmof
the San Andres formation. The lithology is
composed of dolomite, anhydrite, siftstonc,
and salts. The depositional sequences arc cy-
clic in nature. The component facies of each
cycle are thin and laterally discontinu-
ous. 324 The heterogeneity of the Teservoir
rocks and the discontinuity of the pay sec-
tions are very favorable for infill-drilling op-
erations to improve waterflood necovery.

Corrdnﬁona’w.terﬂoodnmu'ywuh
WellSp.dng.TableZshownh:eilmov-
ery and the well spacing of the 24 units
studied.Asedesoflusl-sancsﬁﬁngsm
madetoeorrelatewerﬂoodmoverywim
eachreservoirmdprooesspamw.wlﬁch
inciuded productive area, net pay, porosi-

.pemubﬂhv.mviw.ﬁowawiy.and
well spacing. Results showed that the cor-
relation with all parameters except wel)
spacings was very poor.

The waterflood recovery showed & cot-

ather reservois/process pArameters. relation 4 with well spacing. Two cor-

*Mow # Union Peciic Ressarch Co. rc!aﬁonequtﬁom“ndewlqedwitha

Copyright 1960 Society of Pusrcleum Engineers least-squares fitting program.
Ociober 1969 ¢ JPT
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The first-degree polynomial correlation
cquation was
E,=41.486-0.419245,, ........ () LAu® WALE
and the third-degree polynomial correlation 1. Adair
equation was 2. Brahaney Ayl L Matador
- - 1
E,=54.472-1.5392s, +0.02598s, 3 Levelland Arch
—0.0(1)16385:,3. ............ (2) ; LUBBOCK
where E,, = walerflood recovery and s, = 8. Slaughter Lo B
well spacing. 5. Smyer o
Fig. 2 shows the trend of waterflood
recovery vs. well spacing and the calculated 6. Wasson Northern Shelf
waterflood recovery from Eqs. 1and 2. The | 7. yerch ‘ .
correlation equations indicated that reduc- ving § B |
ing well spacing from 40 to 20 acres [16 to i %
8 ha) per weli would increase oil recovery :
by about 8 to 9% OOIP. A multiple-variable DAWSON BORDEN SCURRY
regression analysis was used to develop the o m
following correlation equation to estimate &
waterflood recovery from the reservoir and ‘,&+
process parameters: C!\ AMDREWS KARTIN HOWARD | MITCHELL
E,c=—36.5204+1.087629E N L
+1.416565 v ,py+1.274887¢ I 1 T
—0. 1674955, et 3) )
Because of the sig‘:\iﬁcam data scattering, 1OVING gen.tral Midland Basin
any waterflood-project recovery estimated asin J
from Eq. 3 must be confirmed by a sound Platform
reservoir enginecring evaluation. WARD
CRANE
Ettect of Inflll Drilling
on Waterflood Recovery o
Reservolrs Studied. Fig. 3 shows the lo- ey
cations of the 16 units for the Phase 2 stdy. MILES
The unit information?%-50 is given in Table
3. The reservoirs were selected from differ-  #3g. 1—Location map lor Phase 1 study.
TABLE 1—RESERVOIR PROPERTIES FOR PHASE 1 STUDY
Original
OOIP Area Net Pay  Pressure Porosity Pormeshilty Depth  Gravity
Field/Unkt (MMSTB) {acres) " (ps) (%) (md) ™, (“AP1)
Adair/San Andres 168.000 5.338.0 50.0 1,875 4.1 4.0 4,789 335
Brahaney/Ptains 43.500 3,731.0 5.0 1,940 102 10 5,300 320
Brahaney/West 64,300 4,240.0 50.0 2,200 9.9 20 5,000 34
Brahaney/Brahaney 48.000 4,200.0 210 1,800 8.7 20 5,301 32,0
Levelland/Southwest 50000  4,508.0 25.0 1,500 9.0 20 4985 200
Levelland/XIT 55,000 7.022.0 28.0 1,350 85 3.0 4,927 20.0
Levaliand/Jennings 3.300 134.0 31.0 1,800 12.0 5.0 5,000 26.0
Levelland/Starmes 23105  4,140.0 15.0 1,700 12.0 50 5050 260
Leveiland/Masien 19.600 1,785.0 45.0 1,200 T 60 3.0 4,950 29.0
Leveliand/West 81.500 7.720.0 20.0 1,690 9.0 1.0 4,850 290
Levelland/Noctheast 28.524 679.0 20.0 1,710 10.0 20 4,675 30.9
Lavelland/Southeast 143.680 5,600.0 59.0 1,710 9.0 20 4,800 3.0
Leveliand/Coble A 10.750 267.0 108.0 1,710 9.1 3.0 4,880 200
Levelland/Coble C 5375 133.0 76.0 1,690 a5 3.0 4,850 0.4
Leveiland/Gann 10.000 268.0 85.0 1,880 78 3.0 4,850 2.0
Levelland/Roberts 5.375 134.0 94.0 1,690 9.3 3.0 4,850 20
Leveliand/Coble B 8.000 500.0 35.0 1,500 10.0 1.0 4,850 2.0
Leveliand/Veal 15,506 1,038.0 20 1,690 1.4 3o 4,900 20
Staughter/Lincoin A 118.000 8,268.0 60.0 1,710 9.8 8.0 ams 0.8
Sisughter/Estate Pliot 0.622 123 778 1,710 1.4 58 4985 300
Smyet/East Clearfork 32000  1,920.0 75.0 2,100 8.3 30 5800 270
Wassor/Willard 624.000  1,310.0 180.0 1,806 7.0 1.0 8,100 330
Wasson/Cornell 195,000 1,628.0 12.0 1,800 a4 40 4,900 34.0
Weicl/West Weich 229074  D415.0 84.0 2,200 9.3 40 4900 M0
Woeich/South Weich 131.090 2,833.0 79.0 2,100 9.3 . 9.0 4,950 M0
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Flg. 2—Correlation betwesn waterflood
recovery and well spacing.

ent regions in the central basin platform and
the northern shelf of west Texas. The pur-
pose of this study was to develop a consis-
tently evaluated data base for determining
the impact of infill drilling on waterflood
recovery. Most of the reservoirs chosen
have a large amount of reservoir and pro-
duction performance data in the public do-
main. Table 4 lists the reservoir properties
of these units.

Projection of Oil Recoveries. Decline-
curve analysis was used to project and to es-
timate the ultimate recovery for primary
depletion. waterflooding, and infill drilling,
Both exponential and hyperbolic decline-
curve analyses were performed for each
unit. The ultimete recovery was estimated
with an economic production rate of 3
STB/D [0.476 stock-tank m?/d} per well.
Most of the decline-curve analyses showed
that infill drilling accelerated the producing
rate and increased the ultimate waterflood
recovery. When the decline data were not
sufficient or the decline trend was not fully
developed for meaningful decline-curve
analysis, an average decline rate from the
adjacent units or the most probable decline
rate from the prodiction curve was used to
estimate the recovery. Where necessary, the
oil-cut decline curve was also used to help
estimate the production rate and recovery.

Table 5 shows the estimated ultimate oil
recoveries. The ultimate primary recovery
ranged from 5.5 to 25% OOQIP; the ultimate
initial waterflood recovery ranged from 7.3
to 31.8% OOIP; and the ultimate infili-
drilling waterflood recovery ranged from
8.5 to 43% OOIP. Table 5 also shows the
average incremental infill well recovery.
The incremental infill drilling recovery per

infill well ranged from 26 0 990 MSTB
[4.13% 107 to 157.4x.10? stock-tank m?).

Inflll-Drifling Recovery vs. Well Spacing.
Fig. 4 shows the plot of ultimate infill-
drilling waterflood recovery vs. well spac-
ing. The solid line shows the average trend
for all data points except for the Fuhrman-
Mascho and West Goldsmith Units, which
had exceptionally low recovery efficiencies.
An estimate from the average trend indicated
that decreasing well spacing from 40 to 20
acres [16 1o 8 ha} per well would increase
oil recovery by about 9% OOQIP,

Fig. 5 shows the plot of incremental infill-
drilling waterflood recovery vs. well spacing
afier infill drilling. Most of the units studied
had the well spacing halved from the initial
waterflood well spacing (e.g., from 40-acre
[16-ha] initial waterflood well spacing to
20-acre [B-ha] infill-drilling well spacing).
The solid line shows the sverage trend for
all data points except for the Fuhrman-
Mascho and West Goldsmith Units and for
the Wasson/Deaver Unit, which had an ex-
ceptionally high infill-drilling recovery. The
average trend indicated that infill drilling 10
reduce well spacing to 50 acres [20 ha)
would result in a negligible incremental
waterflood recovery. However, reducing
well spacing from 40 to 20 acres [16 to 8
ha] would result in an incremental infill drill-
ing recovery of 9% OOIP.

A plot of incremental infill-drilling recov-
ery per infill well vs. well spacing showed
no consistent correlation trend. This means
that sithough infill drilling can enhance
waterflood recovery, other reservoir and
process parameters may aiso play an impor-
tant role in determining ultimate waterflood
recovery.

] .

TABLE 2—Ol. RECOVERY AND WELL -
SPACING FOR PHASE 1 STUDY 3. Fuhrman-Mascio
(trom Texas Rallroad Commission data22) 3 eperten "
Q&Q« 3. vty
LAwE LY 8.
Reorémrv ‘:m Spv::il:'e A ?‘;’%’:‘l’.‘“’
£ Trple-l
Field/Unit (% OOIP) (% QOIP) (acresiwell) _ 12 wwsion Corer!
Adair/San Andres 43 31.1 30.7 G | e e Ve
Beahaney/Plains 19.2 355 36.6 1 bt ol
Brahaney/West 86 16.4 428 o
Lovelani/Soutiwnst 90 187 © 388 71 Northers sheir
Leveliand/XIT 174 28.1 437 . : ] I
Leveltand/Jennings 20.0 35.0 223 he ¢
Leveliand/Starnes 18.0 26.6 4.8 b cuvsor | womoen | scumas
Leveliand/Masten 8.2 138 310 M
Leveliand/West 18.9 27.4 33.6 o "
Leveliand/Northesst 15.0 28.3 309 ‘#}‘ @
Levelland/Southeast 17.9 39.2 21.4 . 48 wartin | womamn | mricniie
Levelland/Coble A 18.7 352 15.7 & " .
Leveland/Coble C 14.9 - 28.0 16.6 .l > I
Levelland/Qann 18.7 3.4 16.7 ¥
Leveliand/Roberts 14.9 27.9 18.7 — Midland Basin
Levelland/Coble B 155 386 14.3 S ) |y ‘
Leveltand/Veal 183 35.8 28.8 L
Slaughter/Lincoin A 1.3 19.7 329 ase l t,
Slaughter/Estate Pt  — 51.3 8.2 Contral
Smyer/East Clearfork 186 33.0 269 _ Bt N
Wasson/Witlard 18.7 s 28.0 '=='° hid Platform :
Wasson/Cornell 138 a1 14.0 -t
Welch/Wast Welch LX) 26 2.7 -
- Fig. 3—Location map for Phase 2 study. _
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TABLE 3—UNITS FOR PHASE 2 8TUDY

Field/Unit
Figla/Untt

Adair/San Andres
Block 31/Block 31

Fullerton/Cleariork

Means/San Andres
Ownby/San Andres
Robertson/Cleartork

Triple-N/Grayburg
wasson/Cornell
wasson/Danver
wasson/Willard

Fuhrman-Mascho/Block 9

Levelland/N.C. Levelland

Russell/Clearfork (7,000 h)
Shafter Lake/Grayburg

west GoldsmithyWest Goldsmith
West Seminole/San Andres

Primary Recovery
Majof Welt Spacing
fels. Formation Rock Type Discovery  (acres/well) Mechanism
25 San Andres Dolomite 1947 54 Solution gas
26 Grayburg Dolomite 1958 80 Waterdrive
22, 27 Grayburg Dolomite 1930 180 Solution gas
28, 29, 30  Clearfork Dolomite 1942 40 Solution gas
31 San Andres Dolomite 1945 42 Solution gas
32, 33, 34 San Andres Dolomite 1934 40 Solution gas
35, 36, 37 San Andres Dolomite 1841 40 Solution gas
38, 39 Clearfork Dolomite 1842 80 Solution gas
4 Clearfork Dolomite 1941 50 Solution gas
41 San Andres Dolomite 1929 160 Solution gas
42, 43 Grayburg  Sandstone/dolomite 1964 80 Solution gas
44 San Andres Limestone 1936 44 Solution gas
45 46  San Andres Dolomite 1936 36 Solution gas/cap
47 San Andres Dolomite 1936 86 Solution gas/cap
48 San Andres Dolomite 1958 40 Solution gas
49,50  San Andres Dolomite 1948 40 Solution gas

TABLE 4—RESERVOIR PROPERTIES FOR PHASE 2 STUDY

Field/Unit

Adair/San Andres
Block 31/Biock 31

Fullerton/Clearfork

Means/San Andres
Ownby/San Andres

{7,000 1)
Shafter Lake/San

Ancires
Triple-N/Grayburg
Wasson/Cornell

Wasson/Denver

Wasson/Witlard

West Goldsmith/West
Goldsmith

West Seminole/San
Andres

~Afer Infill driling.

Fuhrman-Mascho/Block 9
Leveliand/N.C. Levelland

Primary Waterflood Drilling per infill Welt Spacing®
(% OOIP) (% OOIP) (% OOIP) (MSTB/well) {acresiwel)

125
25.0

9.3
1.0
14.8
14.1
13.9
1nas

16.8
14.5
10.0
10.7
10.0

13.4°

5.5
55

31.8
3.0
10.8
17.0
19.1
30.0
245
i5.5

23.0
20.0
25.3
27.4
18.0
22,0

7.3
14.4

36.2
43.0
12.9
23.6
278
39.8
30
1.3

271
20.7
35.0
35.7
43.0
29.0

85
23

3¢

200
10.0
200
38.0
213
20.0
20.0
40.0

40.0
40.0
20.0
14.0
200
20.0

R0
N2

Area Depth Thickness Porosity Permeability Ol FVF  Gravity S, OOIP
Field/Unit (acres) (it t {9%) (md) (RB/STB) (°APl) (%) . (MMSTB)
Adalr/San Andres 5338 4,800 50 14.1 a7 1.12 335 350 168
Biock 3t/Block 31 1,104 3,180 26 18.0 96.0 1.08 286 0.0 9
Fuhrman-Mascho/Block 9 3,948 4,450 80 7.0 4.0 112 290 300 79
Fullerton/Cleartork 29,542 6,700 85 10.0 3.0 . 182 420 236 1,029
Levelland/N.C. Levelland 11,250 4,750 30 8.0 1.8 1.23 310 250 133
Means/San Andres 14,328 4,300 200 9.0 29.0 1.04 293 288 382
Ownby/San Andres 2960 5200 a2 141 4.5 1.35 20 381 52
Robertson/Clearfork 4,696 5,800 247 6.0 09 1.38 M6 200 275
Russell/Clearfork (7,000 #} 8,510 7,350 85 53 15 1.28 34.7 240 210
Shafter |ake/Grayburg 11,082 4,300 49 6.5 5.0 1.24 320 25.0 185
Triple-N/Grayburg 2,192 4,225 20 12.1 6.6 1.23 398 40 20
Wasson/Cornelt 1,823 4,900 200 85 3.7 1.30 33.0 15.0 195
Wasson/Denver 25,505 4,800 200 10.0 50 1.3 33.0 15.0 2,108
Wasson/Willard 13,360 5,100 1M B.5 15 1.31 32,0 200 624
West Goldsmith/West Goldsmith 4,640 4,273 57 6.4 a7 1.36 355 360 47
West Seminole/San Andres 3,720 5,112 118 8.9 20.7 1.38 2.4 18.0 174

TABLE 5—ESTIMATED ULTIMATE RECOVERIES FOR PHASE 2 STUDY
{from decline-curve analysis)
Incremental
Initial infili OIR Weil

“The correlation
equations Indicated
that reducing well
spacing from 40 to 20
acres [16 to 8 ha] per
well would increase oll
recovery by about 8 to
9% O0IP.”
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Fig. 4—Correlation trend between
ultimate Infili-drliling watertiood recovery
and well spacing.

TABLE 8—STATISTICS FOR THE INFILL-DRILLING
WATERFLOOD RECOVERY CORRELATION
Analysis of Variance
R2 F Value Prob>F
0.8584 34,502 0.0001
Paramater Estimates
Parameter Standard t tor HO:
Variable Estimate Error Parameter =0 Prob > ti
Intercept -0.30872 10.13984 -0.031 0.9763
X, 0.18923 0.03231% 5.855 0.0002
Ew 1.21112 0.12108 10.002 0.0001
8, 19.42119 11.15698 1.741 0.1157
k 0.07361 0.03370 2.184 0.0568
Yapi -0.84185 0.45212 -1.862 0.0955
S 0.09057 0.11165 0.811 0.4382
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i-'lo. s—Correlation trend betwesn
incremental inflll-drilling waterflood
recovery and well spacing.

“. . .although Infill
drilling can enhance
waterflood recovery,
other reservolr and
process parameters
may also play an
important role In
determining ultimate
waterflood recovery.”

Oil Recovery Correlations, As discussed
previously, infill-drilling waterflood recov-
ery is not a function of well spacing alone.
Other reservoir and process parameters,
such as OOIP, primary recovery, and ini-
tial waterflood recovery, may also affect ul-
timate infill-drilling waterflood recovery.
Therefore, there is a need 10 develop cor-
relation models using a multiple-variable
regression analysis.

The SAS Inst.’s statistical analysis pro-
gram was used to develop the correlation
models. The program uses multiple-variable
linear regression analysis to find the best fit
for the data. The correlation models devel-
oped were for (1) ultimate infill-drilling
waterflood recovery, (2) incremental infill-
drilling waterflood recovery, and (3) in-
cremental infill-drilling recovery per infill
well.

Ultimate Infill-Drilling Waterflood
Recovery Correlation. The independent
variables used to develop the best correla-
tion for ultimate infill-drilling waterflood
recovery included the ratio of QOIP 10 well
spacing, productive area, depth, pay thick-
ness, porosity, permeability, oil FVF, API
gravity, initial water saturation, OOIP,
primary recovery, initial waterflood recov-
ery, and well spacing. Table 6 shows the
statistics for the ultimate infill-drilling water-
flood recovery correlation. The SAS pro-
gram uses the R? value, the F value, and
the Probability > F for variance apalysis.
The R? value is the ratio of the sum of
squares of difference between the regression
valuc and the sampie mean to the sum of
squares of difference between the sample
values and the sample mean. It represents
the fraction of the samples accountable by
the regression mode!. The closer this value
approaches 1.0, the better the regression
model fits the samples. The R? value, how-
ever, will approach 1.0 as the number of in-
dependent variables increases, even though
the correlation is inadequate for predicti
the dependent variable. Therefore, this R
value needs to be evaluated with the F-value
analysis. For the variance analysis, the F
value should be greater than the given
F rejecsion CTiterion corresponding to the re-
jection value of 0.05. This Fiejeciion Value
alio varies with the number of samples and
variables in the correlation model. The value

of F needs to fall in the rejection interval
to accept the alternative hypothesis that at
least one of the regression coefficients is
nonzero. The variance analysis provides the
probability value that the regression coeff:-
cients are zeroes. The lower the probabili-
ty value, the better the correlation. Thie value
for Probability > F should be less than the
set rejection region of 0.08.

The standard error of the parameter esti-
mates represents the deviation of the regres-
sion coefficient from the mean that might
be expected. It can be used to construct the
confidence intervals of the regression coeffi-
cients. In assessing the contribution of the
regression coefficient, the value should be
as small as possible. The Student’s 7 test is
used to determine the contribution of each
independent variable to the regression equa-
tion. The absolute value of the estimated
value for testing the hypothesis (¢ FOR HO:
PARAMETER =0, Table 6) must be greater
than the critical ¢ value representing the low-
er limit of the rejection region to conclude
that the parameter can be used to determine
the dependent variable. The Prob> |¢] value
corresponding 10 the 1 value either confirms
or rejects the hypothesis that the indepen-

-dent variable contributes to the prediction

of the dependent variable. A small value im-
plies that the estimate is strongly depend-
ent on the independent variable. The
parameter estimates provide the coefficients
of the independent varisbles in the correla-
tion equation, and the standard errors are
used to construct confidence intervals for the
parameter estimates at a confidence level
chosen by the user.

As can be seen from Table 6, the R?
value is 0.95, which is good, and the F valuc
is 34.59, which is much greater than the
Freioction Yalue of 3.37. The Fipieuion value
can be found from the F-value table m most
statistics textbooks. The conclusion is that
this correlation is good for estimating ulti-
mate infill-drilling waterflood recovery,
E;.. The regression equation it

Ej.=—0.3097 +0.1892Ns,,
+1.2111E g +19.421B,+0.0736

20,8418y 5y +0.09068.,. . . . .. (4)
October 1989 « JPT
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TABLE 7--STATISTICS FOR THE CORRELATION FOR
INCREMENTAL INFILL-DRILLING WATERFLOOD RECOVERY

T

Analysis of Variance

A2 F Vatue Prob>F
0.8156 17.698 0.0001
Parameter Estimates
Paramster Standard t for HO:
Variable Estimate Error Parameter = 0 Prob > 1|
intercept
n X, P 7.262094 2.444357 2.971 0.0117
K 0.169558 0.027238 6.225 0.0001
s 0.065631 0.032712 2.006 0.0679
v -0.126929 0.079201 -1.803 0.1350

L4
-

[}

T
i
]

1
T
1
T

-
-
-

ULVIRGATE TILL ROy M Ol TEENE o0 S
-
.

Flg. 6—Comparison of estimated and ac-
tual ultimate Infill-drilling watertiood
recovery.

[

Fig. 6 plots the actual infill-drilling recov-
ery estimated from the decline-curve anal-
ysis vs. that calculated from the regression
equation. The 45° line represents a perfect
correlation estimate for the infill-drilling
recovery. The cluster of data points along
the 45° line indicates the validity of the cor-
relation equation. The correlation model re-
quires such readily available reservoir and
process parameters as N/s,,, E s, B, k,
yapi» And §,; to estimale infill-drilling
recovery.

Incremental Infill-Drilling Waterflood
Recovery Correlation. Table 7 shows the
statistics for the incremental infill-drilling
waterflood recovery correlation. As can be
seen, the B2 value is 0.81, which is low.
The low R2 value may be attributed to the
scattering of data and to the fact that the
equation includes three rather than six vari-
ables for the ultimate infill-drilling recov-
ery correlation. However, the F value for
the correlation is 17.69, which is much
greater than the F.. value of 3.49.
This indicates that this correlation is ade-
quate for estimating the dependent variable
AE,.. The regression equation is

AE; = +7.3179+0.1720N/s,,
+0.0656k~0.1311s,,. ....... ()

Fig. 7 plots the actual incremental infill-
drilling recovery estimated from the decline-
curve analysis vs. that calculated from the
regression equation. The 45 line represents

a perfect correlation estimate for the in-
cremental infill-drilling recovery. The scat-
tering of data points along the 45° line
indicates the correlation equation can pro-
vide a reasonable recovery estimate when
the incremental infill recovery is above 5%
OOIP. The correlation model requires such
readily available reservoir and process pa-
rameters as N/s,,, k, and s, to estimate in-
cremental infill-drilling recovery.

Incremenial Infill-Drilling Recovery per
Infill Well, Table 8 shows the statistics for
the correlation for incremental infill-drilling
recovery per infill well. Because the R?
value is 0.98, which is high, and the F value
for the correlation is 71.42, which is much
greater than the rejection F value of 3.37,
the quality of the correlation is acceptable.
The regression equation is

AN,= ~ 149,560 +12,913Ns,,
+654.91h+42.110D+11,524
~3,0145,,—1,240n. ......... ®

Fig. 8 plots the actual incremental infiil-
drilling recovery per infill well estimated
from the decline-curve analysis vs. that cal-
culated from the regression equation. The
cluster of data points along the 45° line in-
dicates the validity of the correlation equa-
tion. The correlation model requires such
readily available reservoir and process pa-
rameters as Nis,, b, D, ¢, S;, and n w0
ery per infill well.

TABLE 8—STATISTICS FOR THE CORRELATION FOR
INCREMENTAL INFILL-DRILLING RECOVERY PER INFILL WELL
Anatysis of Variance

A2 F Value Prob>F
0.9704 71.427 0.0001
Parameter Estimates
Parameter’ Standard t for HO:
Variable Estimate Error Parametar=0 Prob> |
Intercept - 149,580.00 108,705.300 -1.378 0.2021
X, 12,913.96 1,117.718 11,553 0.0001
h 854,93 221,026 2983 0.0158
D 4211 12.779 3.205 0.0093
¢ 11,524.45 4,028.574 2.881 0.0188
Sui -3,014.42 2,030.652 ~-1.484 0.17T18
n -1,240.03 206.683 -5.042 0.0002

PECREMENTAL PPELL SECVREY
CORRELATIONE % O0NS
1
T

Flg. 7—Comparisan of sstimated and ac-
tual Incrementat Inflli-drilling waterfiood
recovery.
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Fig. 8-—Comparison of estimated and ac-
tual Incremental Inflll-drilting recovery per
iofill well,
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Discussion

There are many unceruinties in the use of
decline-curve analysis for assessing the in-
crementa! oil recovery by waterflooding and
by infill-drilling waterflooding. For exam-
ple, the timing and extent of infill drilling
would affect infill-drilling waterflood per-
formance. The result of decline-curve anal-
ysis would also be dependem on the
operational strategy and on state regulations.
A more detailed study using a larger data
base may eliminate the uncertainties in-
voived in allocating the waterflood recov-
ery resulting from infill drilling.

The assumption that the production
decline started at the time the initial water-
flood or the infill drilling was initiated tends
to underestimate the magnitude of the
primary recovery and the initial waterflood
recovery. Estimating primary recovery was
especially difficult when the esrly produc-
tion data were either uncertain or not
available.

We encountered some difficulties in defin-
ing the well spacing, especially when the
flood pattern was changed during infill drill-
ing over an extended period of time and
when irregular flood patterns were used. A
better data base with detailed infill-drilling
schedules will provide a more consistent
well-spacing value, which may climinate
some uncertainties in the correlation.

Infili drilling is an integral part of the im-
proved oil recovery process. It is very im-
portant that the impact of infill drilling on
the profitability of waterflood and other
EOR projects be further investigated.

Most of the technical data used in this
study were from the Raitroad Commission
of Texas and Dwight's Energy Resources.

The purpose of this work wili have been

served if a general interest is stimulated in
infill drilling for waterflooding.

Conclusions

. 1. A correlation of waterflood recovery
and well spacing using the data base from
the Railroad Commission of Texas showed
that as well spacing decreased, waterflood
recovery increased.

2. The impact of infill drilling on water-
flood recovery from the carbonate reservoirs
studied was substantial. As the well spac-
ing was decreased from 40 to 20 acres [16
to0 8 ha], the avernge incremental infill-
drilling waterflood recovery was about 8 to
9% QOIP. It should be remembered that
there are always exceptional cases.

3. Regression correlation models were de-
waterflood recovery, incremental infill-
drilling waterflood recovery, and incremen-
tal infill-drilling recovery per infill well for
the carbonate reservoirs in the Permian Ba-
sin. The regression models can provide es-
timates of infill-drilling recovery from
readily available basic reservoir and proc-
ess . Becavse of the limited data
base and regressional nature of the correla-
tion models, the infill-drilling recovery es-
~ timate must pot be used indiscriminately; it

must be substantiated by a sound reservoir

engineering study on a particular reservoir
in the region.

Nomenclature

B,; = initial oil FVF, RB/STB [res
m?/stock-tank m?]
producing-zone depth, fi [m]
ultimate infill-drilling
waterflood recovery estimated
from correlation equation,
% OOIP
ultimate primary recovery
estimated from decline-curve
analysis, % OOIP
waterflood recovery, % QOIP
estimated waterflood recovery,
% OOIP
ultimate initial waterflood
recovery estimated from
correlation equation, % OOIP
ultimate initial waterflood
recovery estimated from
decline-curve analysis, % OOIP
= incremental infill-drilling
waterflood recovery estimated
from correlation equation,
% OOIP
= Fisher’s F distribution
= pay thickness, ft [m]
= permeability, md
= number of infill wells drilled
after initial waterflood
N = OOIP, MMSTB [10¢ stock-
tank m3}
incremental infill-drilling
waterflood recovery per infill
well estimated from correlation
equation, STB {m?]
square of sample correlation
coefficient
well spacing, acres/well
fha/weil]
. = initial water saturation, %
¢ = Student’s ¢ distribution
X - Nf.!-.
yapr = Bravity, “API [gfem3)
¢ = porosity, %
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. Ower the past eight years, 1981 to mid 1989,
Canadian Occidental bas invested $16,300,000 in the
revitalization of the company’s Pembina properties. A total
of $3,800,000 was invested in 83 fracture stimulations
yielding an average payout period of just over one year and
incremental reserves per job of 2130 m’. The stimulated
wells are currently producing 45 m’/day of incremental oil
yielding $1,650,000/year of additional revenue for the
Pembina operation. A total of $12,500,000 was invested in
33 infill wells and their associated facilities. The infill wells
have an average payout period of 25 years and the
estimated incremental reserves per well of 10,930 m’. The
infill wells are currently producing 80 m’/day of incremental
oil yielding $2,000,000, of additional revenue. Canadian
Occidental’s program bas increased the current annual
revenue to $5.550,000 from an estimated $1,900,000 if none
of the work had been carried out. The increase is significant
considering the majority of the work has achieved payout.
The work carried out by Canadian Occidental ensures
continued profitability and life from the field in the future.

Introduction - The main purpose in writing this paper is 10
prove to the industry that the Pembina Oilfield can be a
source of significant reserves and revenue in the future.
Huge gains in productivity cannot be expected but sustained
economic development can take advantage of the already
existing infrastructure with excellent returns in both
production and profit.

Cities-Service/Canadian Occidental has been active in the
Pembina Oilfield since 1956 and was instrumental in setting
up many of the Units in the field. The Compary’s first
waterfloods were initiated in 1961. The Company also
experimented with gas/LPG injection in both Bear Lake and
Keystone. By 1965, the entire ficld has been unitized and
the majority was under waterflood, see Figure 1.

Canadian Occidental currently operates 412 wells in the field
with 15 batteries and 76 satellites and one gas plant located
in Keysione. Of the 412 wells, 282 are producing, 65 are
injectors and 65 wells are shut-in. Production from the field,
on a Lease Gross Basis, currently averages 420 m'/day of
oil, 112 10'm’/day of gas, and 1850 m’/day of water as of
November 30, 1989. Production on a per cing well
basis averages on 1.5 m'/day of oil, 0.4 10°m’/day of gas, and
6.6 m’/day of water.

The average producing well operating cost, including battery,
shut-in well and injector costs, currently averages
$28,800/year. Using a price of $120/m’, the break even
production rate for a Pembina well is 0.7 m’/day. Ovenall,
the field is still profitable, but every means bas 1o be taken
to increase production. Since the operating cost is not
directly proportional to production rates, a 50% increase in
produaionmyonlyauzutoa 10% increase in operating
costs. Any incremental oil production adds significantly to
the bottom line for the District.
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Basnground - Cities-Service /Canadian Occidental has always

maintained a physical presence in the Pembina oilfield.

That presence proved to be an invaluable training ground

for both Production Operations and Production Engineering.

There are several reasons why an aggressive fracing and

infill drilling program were pursued in Pembina; they are:

- The production infrastructure was already in place, any
new production would have a low incremental cost.

- An aggressive development oriented team of
Production and Engineering personnel worked closely
together initiating projects.

- Solid management commitment for development of the
Pembina oilfield.

- Good economic returns.

The above factors resulted in 83 fracs from 1985 to mid
1989 and 33 infill wells being drilled from 1981 10 1989

Fractore Stimulation Post Audit

wction - The following post audit on Canadian

Occidental's fracture stimulation program was carried out 10

determine the answers to the following questions: ‘

- what is the success rate, incremental production and
economics for the 83 frac's performed by Canadian
Occidental in the Pembina area from 1984-89, see
Figure 2.

- what is the frac life of the stimulations. Frac life is
defined by the initially frac date to the date in the
future when the frac decline rate would cross the base
decline rate.

. what effects do frac’s have on WOR.

- do frac's just accelerate production or are new reserves
being produced.

Canadian Occidental's Engineering staff in Drayton Valley

used the following criteria when chopsing fracture

stimulation candidates. Explanations into what was looked
for in each criteria are also included.

. Build Up Apalysis: A high skin factor from build ups
are used when available.

- Fluid Capacity Ratio: The ratio of present fluid
production rate over peak fluid production rate. The
lower the ratio, the better the stimulation potential.

i ion: Used in conjunction with
Fluid Capacity Ratio in order to determine the
potential increase in well productivity.

- WOR: The lower the water oil ratio, the better the
candidate.

- Well Recovery: The recovery from wells is also used.
If the well’s total recovery is very low, it usually
indicates poor reservoir. If the recovery is very high,
the well likely does not need stimulation. Wells with
average area recoveries were found to be the best
candidates.

- Open Hole Log Profiles: The logs from each well were
reviewed 10 determine if there was any new perforation
potential.

- Fracture Stimulation History: Wells that had never
been refractured were considered good candidates.
Wells that had been stimulated within the past five
years were considered poor.

All of the above criteria were used in screening fracture
L stimulation candidates.

Historically, the sizes of the treatments have increased with
time. Many of the wells were originally stimulated with
gelled crude jobs ranging in size from 25 to 30 1ons of sand.
The most recent polyemulsion fracs carried out by Canadian
Occidental in Pembina are in the range from 50 10 70 tonnes
of 20/40 sand.

- Of the 82 fracture stimulations carried
out by Canadian Occidental from 1984 10 mid 1989, 19 were
considered failures. A failure was defined as a frac which
had no long term positive effect on the well's productivity.
The average oil production increase, after one year, has
averaged 1.6 m’/day/well. The largest single increase after
one year was 9.6 m’/day in PECU #1.

The analysis of the frac’s has been broken down into five
main Canadian Occidental operated areas. They are:
Pembina Easyford Cardium Unit #1 (PECU #1)
100% Leases (A,D,EFG,MKO, Modesie)

Northwest Pembina Cardium Unit #1 (NWPCU #1)
Pembina Bear Lake Cardium Unit #1 (PBLCU #1)
Pembina Keystone Cardium Unit #2 (PKCU #2)

[ T T

The production results from all 83 frac’s are contained in
Figures 3, 4 and 5. The results show a significant increase
in production from an average 1.2 m’/day/well prior to the
frac 10 2.8 m*/day/well one year after the frac. The current
production per well averages 2.0 m’/day.

POGO™, a registered trademark of PSI Energy Software,
Inc., economics were run on a year by year basis to
determine the economic indicators for Canadian Occidental’s
fracture stimulation program. The economics indicated an
average frac life of 6.45 years, an average capital cost of
$45,500, with a corresponding Net Present Value, discounted
at 18%, of $60,500. The payout period was calculated 10 be
1.06 years and the incremental reserves per job averaged
2130 ", see Figure 6.

Over the past five years Canadian Occidental spent nearly
$3,800,000 on fracture stimulations in Pembina resulting in
an additional 177,000 m* of oil being recovered. The
average finding and developmem cost for those additional
reserves was only $21.33/m’.

M-Declimmmmalysismuscdwdemmim
frac life. A typical Pembina Cardium well's production
declines at 7-12%/year. After a frac the oil rate is increased
by an average of 1309% but the decline rate for the oil
increases 10 17 to 25%/year. The Frac Life, as previously
defined in the Introduction, ranges from 5.4 to 7.5 years,
see Figure 7. Since the stimulated wells production rate
returns 10 previous decline rate levels after 65 years, there
must be degradation of the frac. Fines movement in the
new frac is thought to be the main contributor in the
decrease in frac conductivity. With time the frac continues
1o fill up with fines until such a time that its permeability
feturns to near matrix rock permeability. Fill up of the frac
with fines can be used to explain why, after 6.5 years, the
decline rate returns to the normal non-stimulated rate of 7-
12%/year.
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v - Decline curve analysis was used to
determine the effect on Water Oil Ratios by fracture
simulation in the Pembina Cardium, see Figure 8. Even
though total fluid inflow was enhanced significantly, there
was no noticeable increase in WOR by fracture stimulation.
This is believed to occur since the frac's are penetrating
lower permeability non waterflood swept portions of the
reservoir,

- If fracture
stimulations were found to only accelerate reserve recovery
rather than enhance recovery, the value of the entire
program would be in doubl. In order to substantiate the
theory on frac life and the continuous fill up of the frac with
fines resulting in the frac conductivity returning to near
matrix levels within 6 to 7 years, decline curve analysis was
again used. The 12 frac’s which were conducted in PECU
#1 in 1979 were reviewed 10 see if their production behavior
matched the frac life theory, The average oil production per
well prior to the frac's was 2.2 m*/day. Afier the frac the oil
production increased to 3.8 m’/day. The prefrac decline
rate averaged 7.5%/year while the post frac decline rate
averaged 14.5%/year for 7 years when the decline rate again
returned to the prefrac decline rate of 7.5%/year, see Figure
9. By extrapolating the prefrac decline rate seven years into
the future the wells productivity returned to what the
production would have declined to if the wells had not been
stimulated. Therefore, the temporary production gain for
the seven years of the frac’s life was incremental production
which would not have been produced if the well had not
been stimulated. The estimated incremental production per
1979 frac averaged 1920 m'. The results from the twelve
1979 frac’s in PECU #1 compare favorably with the
expected results from the 1984-mid 1989 frac's,

Conclusions - The 83 fracture stimulations carried out in
Pembina by Canadian Occidentzl have had a very positive
cffect on the areas profitability. The fracture stimulated
wells are currently producing 45 m’/day of incremental oil
production which, a2 a 100 $/m’ netback, results in
$1,650.000/year in additional revenue for the District. It has
been estimated that by stimulating 26 wells a year with a
75% success rate and an average incremental production
increase, per successful job, of 1.6 m’/day the decline in the
field's productivity could be reduced to zero.

Infili Drilling Post Andit

Introduction: This post audit on the Infill Drilling Program,
which was carried out by Canadian Occidental Petroleum
Ltd. from 1981 1o mid 1989, and resulted in 33 wells being
drilled, was done in order 1o answer the following main
questions.

- What is the success rate, production and economic

results for the 33 wells which were drilled.

- What is the incremental reserves expected from the

infill wells.
= What is the typical profile for an infill well.
- What effect do wells bave on the surrounding
original wells, is there interference.

- What positive effect has the infill drilling had on the
Pembina Operations in terms of revenue and
production.

A review of Historical Pembina drilling and the method for
evaluating the infill drilling locations will be discussed next.

: The Pembina field was initially
drilled down to 160 acre spacing in the mid 10 late 1950,
By the mid 1960's, the pool had been drilled down to 8
acre spacing and the pool placed on waterflood. Continued
infill drilling was not actively pursued untit 1970 when
Texaco drilled 8 wells on the modified infill drilling pattern.
The Texaco wells served as a guide for CanadianOxy's infill
program. Infill drilling was virtually ceased in the 1970,

In late 1980, Canada Cities-Service proposed a conventiona!
infill drilling program in Pembina Easyford Cardium Unit
#1. A total of 20 wells were proposed, but only one was
approved. The original producers in Easyford were drilled
on LSD's 6, 8 and 16, with an injector at LSD 14, see Figure
10. Infill wells were proposed on LSD's 2, 4, 10 and 12
The first infill well 04-18-50-08 WSM was not considered a
great success. Open hole jogs indicated that the top portion
of the reservoir, the most permeable section, had already
been swept by the waterflood. The results from 04-18
required a re-evaluation of infil! well locations.

ReaExaluation of Infill Locations: The accepted method for
infill drilling in the Pembina prior to 1970 was to drill on all
even numbered LSD's in a section. That was fine prior to
the waterfloods being initiated, but not acceptable on mature
waterfloods. drilling on even numbered LSD's, infill
wells were placed directly between producers and injectors,
see Figure 1. Classical waterflood theory and common
sense would indicate that drilling between an injector and a
producer would place 2 well in a swept portion of the
reservoir. The logical placement for infill wells would then
be between producing weils on odd number LSD's in order
to fully exploit the unswept portions of the reservoir. A
method had 1o be developed for choosing the best
candidates for infill drilling. A waterflood equation, based
on Darcy’'s Law, see Figure 12, was developed by
CanadianOxy’s Reservoir Engineering Group. The equation
is:

f = (Pi- P)M
nLXr
Where f = Injector - Flood Front Advance (m)

M = Time 10 Breakthrough (months)

A = Waterflood Coefficient (months x
kPa/m’)

P, = Injection Pressure (kPa)

Pp = Production Pressure (kPa)

r = Injector - Producer Distance (m)

f/m = Apparent Velocity of the Flood Front
{m/month)

Pi- Pp = Interwell Pressure Gradient kPa/m

[ o

The analysis method uses actual field data and follows the
following course, see Figure 13.

- Using known variables a1 the time of breakthrough the
reservoir coefficient r, is determined for the pool and
plotied on a map at the midpoint between an injector




and producer. The procedure is repeated for the
entire area so an 1, map can be developed.

A determination of the flood front advance along the
line between the producing wells is done by using r,
and substituting Pr, at the time of breakthrough, in the
place of Pp. M is defined as the average of the time
1o breakthrough at the two nearby producers. All
other variables remain constant. In this way the
unknown flood front distance f can be estimated.

The process is then repeated for all of the producer
midpoints surtounding an injector until the waterflood star
at breakthrough is determined. The volume of the star is
then calculated and taking into account Displacement and
Vertical sweep efficiencies and the areal extent of the star,
The volume of the star is then compared to the actual
volume of water injected from the start of the waterflood to
breakthrough.

Now that the size of the waterflood star at breakthrough is
determined, an estimate of the size of the waterflood star at
the present time can be done, see Figure 1. Since the
geometry of different stars can be very complex, a
nomograph was developed for relating the cumulative oil at
the present time /cumnulative oil at breakthrough, the volume
factor, to the Present {/Breakthrough f, the length facior.
The breakthrough f line on the nomograph for the particular
midpoint are used to determine the length factor. The
displayed nomograph is for a 160 acre 9 spot pattern, see
Figure 15.
The procedure for determining the waterflood stars is
repeated over the entire area and drawn on a map. An
estimate of the size of the unswept pods between producers
is now evident and infill location can be chosen on that
basis. Other factors which came into play in choosing final
candidates are: ‘

- Expected fluid production rates

- Well recoveries

- Area permeability and pay thickness

A total of 20 infill wells at PECU #1 were chosen using this
method, see Figure 16 for modified drilling patterns.

The four infill welis at PBLCU#1 were chosen based on
Geology and Reservoir Engineering. Bear Lake has a thick
conglomerate section in the middle portion of the TESEIVOIr.

The three wells drilled at D Battery and the well at
NWPCU#1 were done 10 complete the 32 bectare spacing.
Finally, the three wells at "K" Battery were drilled on a true
16 hectare spacing, see Figure 17 for all infill locations.

Economics: The results from the 33 infil! wells have been
sttached see Figure 18, Canadian Occidental invested a
total of $12,500,000 from 1981 10 1989. Included in the costs
are the necessary flowlines and facilities modifications. A
total of five satellites were built to accommodate the new
wells and "K" Battery was rebuilt as part of the three well
drilling program conducted in 1989, The average cost per
well was $377,500. Operating costs were set initially at
$24,000/year/well inflated at 4%/ycar. The average
economic life is estimated at 15 years. The Net Present
Value, per well, averaged $389,700 discounted at 12% and

$329.200 discounted st 189, The payocut period per well is
estimated at 2.5 years with a corresponding Rate of Return
of 38%.

: The total incremental recovery per
well is estimated 1o be 10,930 m”. The finding and develop-
ment cost averages $34.5/m’. The infili driliing program
increased the Net Present Value of the Pembina by nearly
$11,000.000 discounted at 18%, and added over 360,000 m’
to the recoverable reserves of the Pembina field. All of the
reserves from the infill wells was considered incremental.

Production Profile: Infill wells in Pembina are characterized
by high initial production rates; 9.9 m’/day/well, and a
moderate WOR, averaging 1.0 m’/m’ initially, declining
rapidly 10 approximately 50% of the initial rate afier one
year, 4.8 m’/day/well with the WOR increasing to 1.6 m’/m’.
The production decline rate then stabilizes at 10 to 15% per
year and the WOR stabilizes at the field average of 2.0
m'/m’. Afier about three years time, the production from
the infill wells is comparable to the nearby original wells, see
Figure 19. See Figures 20 and 21 for well by well details.
Overall payout on the wells have been achieved during the
initial high production rate phase.

:  Production rates from the original
wells surrounding the infill wells was monitored in order to
determine if there is imerference between the infill and
original wells. If production from the original wells declined
more rapidly when infill wells were drilled, a portion of the
production from the infill wells would have to be classified
as acceleration of reserves instead of incremental.
Production rates from the PECU#1 wells have been
monitored closely for interference effects. To date, four and
a half years, there has been no noticeable interference
between infill and original wells. This is the case because
the permeability in the Cardium, in most areas, is limited
and the drainage area per well is also small. Therefore, all
of the reserves from the infill wells were classified as
incremental.

Overall Effects: The drilling of the 33 infill wells has had a
very positive effect on Canadian Occidental’s Pembina
operation. For ease of review, some of the effects are listed
in point form.

- The infill wells are currently contributing 80
m’/day of oil production, on a Lease Gross basis
to the Canadian Occidental operated areas.

- ‘The annual revenue, using operating costs of
$28,800/year/well and a netback of $100/m’
after royalties from the infill wells is estimated
to be $2,000,000/year currently.

- The majority of the wells have reached payout
and are currently generating positive revenue.

- The infill drilling program allowed for the
construction of new facilities and was aiso
indirectly responsibie for the upgrading of three
of the company’s main batteries. _

- The economic life of the field has been
extended by increasing the area’s productivity.

- The intangible benefits in morale for the
Operations and Engineering swuff in Drayton
Valley has been very positive. The commitment
of the company to Pembina Field Development
ensures a long and prosperous stay in Pembina
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Conclusions: The infill drilling program has an 82% success
rate based on 27 of the 33 wells being considered good
successes. The very first infill well 4-18-50-8 W5M was a
failure due mainly to its location between an injector and a
producer and the poor quality of the reservoir it was drilled
in. The 2-1-49-9 W5M well in NWPCU#1, drilied in 1986,
has experienced damage from workovers and production has
not maintained its initial high levels. The 9-14-50-9 W5M in
PECU#1 also drilled in 1986, has remained shut-in due to
a very high watercut. The well encountered the edge of the
PBLCU#1 conglomerate which was watered out. The three
wells in K Battery, drilled in 1989, have a Rate of Rewrn of
11%, based on the drilling and tie-in costs, and are
hampered by inadequate water injection. Injection is being
increased to solve the voidage problems.

The minimum initial production rate for an infill well was
calculated using the following criteria:

Capital Expenditure: $350,000
Operating Cost: $28,800/year
Decline Rate: 10%/year
Discount Rate: 18%

The minimum required initial production rate is only 3.0
m’/day using Canadian Occidental’s current price forecast.
The production forecast does not include the characteristic
peak production rate for one year which would enhance any
drilling economics significantly.

Infill drilling in the Pembina has proved to be an economic
means 10 increase production, reserves and revenue from the
field. The relatively low drilling and tie-in costs, along with
the existing infrastructure, make the investment low risk with
reasonable Rates of Return. By using some of the
previously outlined criteria and common sense, dozens of
infill drilling locations become obvious within Canadian
Occidental’s operated properties. Throughout the entire
P:mbina there are probably hundreds of likely infill drilling
locations ready o be developed. .

REVITALIZATION RESULTS

Conclusions: The Pembina Operation of Canadian
Occidental in the 70’s can be characterized by good
production rates, slowly rising WOR's, and a steady slow
decline in oil productivity. There was little capital
investment in the area and the company was harvesting the
results of all of the work done in the 1960's.

The 1980’s brought a renewed commitment by the company
10 the Pembina field in the areas of Fracture Stimulation

" and Infill Drilling, as well as the upgrading of Production

Facilities. By using Decline Curve Analysis, the estimated
production from the field would now be at 295 m’/day
assuming 8o fracture stimulations and infill drilling, see
Figure 22. Based on previously outlined operating costs of
$28,800/producing well, the original 249 producing wells
would cost S?MM@w to operate. The oil revenue,
based on a netback of $100/m’, would be $9,100,000/year,
leaving a net revenue of only $1,900,000/year from Canadian
Occidental's Pembina operated areas if the revitalization
program had not been carried out. As previously outlined,
the fracture stimulation is currently adding
$1,650,000/year to the Pembina, and the infill drilling
program is currently adding $2,000,000/year.

By investing $16,300,000, most of which has already reached
payout from 198} to mid 1989, Canadian Occidental has
been able to increase the net revenue from the field to
$5,550,000/year currently from an estimated $1,900,000/year
if none of the work had been carried out. The excellent
results Canadian Occidental has seen from the revitalization
of the Pembina will ensure that future development will
continue to extend the life and profitability of the field.
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Production Operations and Production Engineering staff in
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the revitalization of the Pembina and in writing this paper.
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FIGURE 6

ECONOMIC CONSOLIDATION SUMMARY OF
FRACTURE STIMULATIONSe
AFTER INCOME TAX
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FIGURE 18

ECONOMIC CONSOLIDATION SUMMARY OF INFILL
DRILLED WELLS
AFTER INCOME TAX

YEARS SINCE COMPLETION
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September 18, 1990

Manitoba Energy and Mines
Mineral Resources Division
975 Century Street
Winnipeg, Manitoba

R3H OW4

Gentleman:
Re: Proposed Reduced Spacing Application

Waskada Area, Manitoba
OHL File: T-49~90

Please be advised that I have no objection to Omega Hydrocarbons
Ltd. making application for the use of reduced drilling spacing
units on my land as indicated below.

Land: SW 24-1-26 WPM

My consent to this application is subject to Omega Hydrocarbons
Ltd., providing a satisfactory well development plan to me.

= ;;:ﬁs{£;:7<:%£::::i ng E:ZZE 45 Azf*zh
- '(—-
e e e T . -
Witness Donald E. McGregor

Edmarre—A—ia oo

Mary—Eiirabeth—McGregor

Box s 3

Waskada, Manitobka
ROM 2EO

Telephone: 673-2578



September 18, 1990

Manitoba Energy and Mines
Mineral Resources Division
975 Century Street
Winnipeg, Manitoba

R3IH OW4

Gentleman:
Re: Proposed Reduced Spacing Application

Waskada Area, Manitoba
OHL File: T-49-90

Please be advised that I have no objection to Omega Hydrocarbons
Ltd. making application for the use of reduced drilling spacing
units on my land as indicated below.

Land: SE 23-1-26 WPM

My consent to this application is subject to Omega Hydrocarbons
Ltd., providing a satisfactory well developrent plan to me.

So2COC 0 e izt

Witness Jg§ce E. Hainsworth

(Ll e n

RoYand Hainsworth

Box 99

Waskada, Manitoba
ROM 2EO

Telephone: 673-2638
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September 28, 1990

The 0il and Natural Gas
conservation Board

Room 309 Legislative Building
450 Broadway Avenue

Winnipeg, Manitoba

R3C 0OV8

Attention: Mr. Charles S. Kang
Chairman
Dear Sir:

Re: Waskada Lower Amaranth A Pool
Application for Drilling Spacing Unit Reduction

Pursuant to Section 20 of the Manitoba Petroleum Drilling and
Production Regulations, Omega Hydrocarbons Ltd. hereby makes
application to reduce the size of the existing drilling spacing
units from 16 ha to 4 ha within the prescribed pilot project area
and that the drilling target areas remain centrally located. Omega
plans to drill four infill wells inside a pilot project area
surrounding injection well 5-24-1-26 WPM. Engineering estimates
indicate that the proposed drilling spacing unit reduction will
increase the ultimate o0il recovery within the injection pattern
area from 23.3% OOIP (112,650 m’) to 26.6% OOIP (128,924 m’).
Should this infill drilling pilot project prove economically
successful, similar drilling spacing unit modifications may be
considered in other parts of the Waskada field.

In accordance with the general content requirements of Section 115

of the Petroleum Drilling and Production Regulations, the following
information is submitted in support of this application.

Reservoir Characteristics

The Waskada Lower Amaranth A pool is an undersaturated hydrocarbon
system located at a depth of 900 mKB. The reservoir is vertically
stratified as a result of thin interbedded shale stringers. Thus
the oil producing sands are usually poorly developed with uniformly
low porosities and permeabilities. Due to these reservoir
characteristics it is necessary to fracture stimulate all Lower



Amaranth wells in order to achieve economic levels of production.
The reservoir dips in a southwesterly direction with the initial
oil-water contact estimated at 465 m subsea. The initial reservoir
fluid has a bubble point pressure of 4220 kPa at a reservoir
temperature of 45°C.

Currently most of the Lower Amaranth A pool is under pressure
maintenance by water injection and the average reservoir pressure
is 9000 kPa. The pressure maintenance projects operated by Omega
were developed using an inverted nine spot injection pattern on 16
ha spacing. since waterflooding was initiated the average oil
production decline rate within the pressure maintenance areas has
remained relatively constant at 15%/year. Current oil recovery
factors calculated on an individual injection pattern basis vary
between 2.4% and 18.3% of original oil in place. The large
variance in recovery factors is directly related to reservoir
gquality and volumetric sweep efficiency. Using decline curve
analysis the oil recovery factor for the Waskada field is estimated
to be approximately 15 percent of the original oil in place.

Proiject Dasigh

Upon review of the 1985 Waskada Reservoir Model Study it has been
observed that there are trapped 0il saturations which are not be
recovered by waterflooding in the final predicted oil saturation
maps. If this observation is extrapolated to the entire pool it
becomes apparent that ultimate oil recoveries may be improved in
the wWaskada field by infill drilling.

An infill drilling pilot project area has been selected based on

the following technical factors, i) above average reservoir
quality ii) good reservoir continuity 1iii) a proven 0il producing
area iv) a low producing water/oil ratio and v) a 51ng1e

injection pattern area. A thorough review of the pool resulted in
selecting the southern half of injection pattern 5-24-1-26 WPM for
the reduced drilling spacing unit pilot project area. The
locations for the four proposed infill wells were chosen between
existing producers. This reduces the drilling risk by drilling
outside the theoretical production streamlines for an inverted nine
spot pattern and between suspected northeast-southwest fracture
planes. Modifications to the existing injection system are not
considered necessary at this time, plans are to use the existing
injection wells to maintain reservoir pressure and replace voidage
taken from the infill wells.

Production Forecasts

A base case forecast has been developed by using the production
history for all wells contained in injection pattern 5-24-1-26 WPM.
0il production within the 1nject10n pattern is currently declining
at 10%/year. Assuming an economic limit of 0.4 m’/d per well and



an original oil in place of 483708 m® for the total injection

pattern area, current oil recovery is 16.8% QOIP and ultimate oil
recovery is predicted to be 23.3 % OOIP.

The incremental production forecast for the proposed infill wells
has been determined by wusing current production rates from
offsetting wells and average incremental oil recovery estimates
from the technical literature. Assuming an initial rate of 2.0
m’/d per well, an economic 1limit of 0.4 mi/d ?er well and
incremental recoverable reserves per well of 4000 m’ results in a
3.3% incremental pattern recovery and a 14%/year production decline
for the infill wells. The assumptions used in this forecast may be
conservative given that the average recoverable reserves per
producing well under the base case forecast is 14,000 m® and that
flush production is not taken into consideration.

Impact On lLessees, lLessors and Working Interest Owners

The proposed pilot project area is contained entirely within
Waskada Unit No. 4 and does not encroach upon the unit boundary.
Thus the proposed pilot project will have no detrimental effect on
the correlative rights of offsetting royalty and working interest
owners. Incremental oil production will be shared in an equitable
fashion by all lessees and lessors in Waskada Unit No. 4 as per the
Unit agreement. Benefits to the Crown will take the form of
incremental Crown royalties and Freehold production taxes from the
proposed infill wells.

Impact On Surface Landowners

It is Omega Hydrocarbons Ltd.'s intent to minimize agricultural
impact and simultanecusly maximize o©il recovery. To maintain
project viability the proposed infill wells will be drilled
vertically and will be positioned on existing lease road allowances
if applicable. Where an infill well location can not be drilled on
an existing road allowance a new surface lease will be constructed
and surface obstructions will be minimized through the use of non
built up trails and production flowlines. Those surface lease
owners effected by the pilot project were consulted and are in
agreement that the previously mentioned considerations will have
the least impact on existing farming operations.

Cost estimates indicate that directional drilling will increase the
drilling and completion cost of a well by 20% or $30000/well
compared toc a conventional vertical well. Based on industry
experience it is also known that higher production operating costs
are associated with directionally drilled wells. The proposed
infill well pilot project has an after tax rate of return of 25.3%



which is marginally economic considering the incremental oil
recovery uncertainties. The increased capital and operating costs
related to directional drilling further increase the economic risk
associated with the project and therefore can not be economically
justified at this time.

Infill Well Royalty/Production Tax Treatment

Based on our company's interpretation of the Manitoba Mines Act the
four proposed infill wells will each qualify for an initial holiday
0il volume. Following the depletion of the holiday o0il volumes oil
production from the subject wells shall be classified as new o¢il
for the purpose of royalty and production tax calculations. This
interpretation assumes that once the application for reduced
spacing is approved each proposed infill well will become the only
well in the drilling spacing unit in which the well is located.

Production Operations and Monitoring

The proposed infill wells will be operated in accordance with the
Manitoba Petroleum Drilling and Production Regulations. Given that
no injection well modifications are contemplated at this time,
pressure maintenance operations will continue to be governed by
Board Order No. PM58.

In further support of this application find attached the following
information:

1) Pilot Project Area Map

2) Proposed Drilling Spacing Unit Diagram

3) Lessor Map of the Pilot Project Area

4) Lessee Map of the Pilot Project Area

§) Surface Landowners Map of the Pilot Project Area
6) Correspondence with Surface Landowners

7) Lower Amaranth Structure Map

8) Lower Amaranth ¢h Map

9) Lower Amaranth Cumulative 0il Production Map

10) Lower Amaranth Cumulative Water Production Map

11) Pilot Project Area Fence Diagram

12) Injection Pattern 5-24-1-26 WPM OOIP Calculation
13) 1Injection Pattern 5-24-1-26 WPM Production History
14) IndividualWell ProductionHistories(1-23,8-23,3-24,4-24,6-24)
15) Base Case and Infill Case Production Forecasts

16) Pilot Project Economics

17) Technical References



Should you have any comments or questions related to this
application, please contact Mr. Richard Brekke at (403) 261-0743.
We would appreciate your earliest attention to this matter.

Yours truly,
OMEGA HYDROCARBONS LTD.

e 4

G.A. Cormack
Manager, Production Operations

/3b

¢c.c.: L.R. Dubreuil - Manitoba Petroleum Branch
Waskada Reduced Drilling Spacing Unit Application File
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Waskada Lower Amaranth
Reduced Bpacing Pilot Project
[0} 1 calc

Pattern 5-24-1-26 WPM

Original 0il cum. EeC

. T
well _oh —In Place fac PRoL e

(¢.m)
1-23-1-26 0.675 56068 lediv 1%
8-23-1-26 0.518 43034 s 15.%
9-23-1-26 0.840 69839 W13 1.5
3-24-1-26 0.749 62216 10015  !l.b
4-24-1-26 0.704 58527 1%9Le 327
5=24~-1-26 0.627 52133 LEYY X%
6-24-1-26 0.618 51396 Ty T
11-24-1-26 0.426 35411 .4 .
12-24-1-26 0.663 55084 - agt  ge,
o e
Total: 5.820 483708
O0IP = 10,000 (A) (¢) (h) (1-Sw)

Boi

It

OOIP Parameters - A = 16 ha, Sw = 0.40, Boi = 1.155Rm’/m’
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Year

1990
1991
1992
1993
1994
1995
1996
1997
1998
1999
2000
2001
2002

Total:

Waskada Lower Amaranth
Reduced Bpacing Pilot Project
0i] Production Forecasts

Pattern 5-24-1-26 WPM

Base Case

BIQ%ngiQn

)

4100
3821
3439
3095
2786
2507
2256
2031
1828
1645
1480
1332

-1198

31518

Pattern 5-24 OOIP = 483,708 m®

Ccumulative Pattern Production (31/12/89) = 81132 m°
Current Recovery Factor = 16.8%

Base Case Recovery Factor = 23.,3%

Infill Case Recovery Factor = 26.6%

Incremental

P

2725
2343
2015
1733
1490
1281
1102
948
815
701
603

—218
16274

Infill Case

2:9%2&%19n

4100
6546
5782
5110
4519
3997
3537
3133
2776
2460
2181
1935

1716
47792

Base Case Parameters - Initial rate = 11.0m*/d, Final rate = 3.2m%/d
Decline rate = 10%/yr., Producing wells = 8

Incremental Parameters - Initial rate = 8.0m%/d, Final rate=1.6x’/d
Decline rate = 14%/yr, Producing wells= 4




PEIRM UM ECONDMICS EVALURTION PROSRAN Version: 89-11-01

OMEGA HYDROCARBONS LTD. Tise: 90/09/28 V6212229
File: WINFILL
-------------------- CASE DESLRIPTION =--r--emmmeemmmmmmmnn  asemonoocs-snc NET PRESENT VALUES [ #§) ——--ooocmmesmeme
NASKADA INFILL DRILLING EVALUKTION (PATTERN 5-24) BISC RATE X} 0.0 10,0 15,0 20,0 25,0 30.0

PRILL 4 WELL PILOT, ASSUMES 1990 DS PRICE FORECS!

1990 DPCDSTS: $1250/M, TRERT: $1.75/3, TRUCK: 3, 73/%3  ESTASI/YR 5.7, OPER IND 1498 1049 908 800 715 847
B.T. CAP INV. 624 424 624 624 624 824
8.7, CASH FLOW 874 425 288 178 93 23

Royalty Regise: NMAKITOBR Bas Holiday: NO

Reserve type: Prov Devel 0i} Holiday: WO A.7. OPER INC 1246 893 783 &7 628 3N
Royalty Type:Crun frhd  Eval/Prod Start: 91- 1/91- 1 A.T. CAP TNV, 824 620 624 624 824 BN
Sesitivity: ND Proj/Econ Lide: 12,0/12.0 yrs p.Y. CASH FLOW 622 211 159 3 -1
cmmm——een ECONONIC INDICATORS PRODUCTS RECOVERY COMPANY ¥.1, —----~-
B.IAY A.TAX BROSS M1  ROY  ET Initl Al Revl
ROR - PONT .9 283 o €33 1b 1b 2 14 REVEWE 100.0 1000
PAYOUT PERIOD - EVAL 2.9 3.3 GAS-RAW  E3a) 0 0 FIELD CAP 100.0 0.0
- CAPTL 2.9 3.3  BAS-SALES E3a3 ¢ ) o 0  PLANT CAP
UmDISC PIR - §/% 1.40 1,00  ETHANE (M 9 0 0 0  GATH CAP
15.0 PCT PIR - 8/% 0.4 0,25 PROPANE (14 0 ] 0 0
30.0 PCT PIR - §/¢ 0.04 0,08  BUTANE ] 0 0 0 0  DRR-BAS
WY & 150 - §/a3 17.45 9,786 COWDENS. M 0 0 9 ¢ ORR-DIL
KPV ¢ 30.0 - #8313 -L16  SULPHR t 9 ] ] ]
OTHER a3 0 0 0 0  ROYRTY 17.4 140

NI CASH FLOW SUMMARY
YEAR -——OIL PRODUCTION--- TOTAL --ROVALTY-- --OPERATING— CASH METBACX CAPTL B.TAL TOTAL -——--AFTER TAY--—-
RATE VOL.  PRICE REV.  LNINTAX EXPENSE FLOW  B.JAX DNV,  CASH  TAX  CASH 13,01 CUM
a3/ Bl $s3 M N 1 I ] b L2 $in3 s L hs L N L

IERD 824 -b24 0 624 -$H -
1M 7 3 13567 30 U V) 79 W.B 27 8D 0 27 3 s N6 -ib
1992 b 2 1808 W N 80 M2 22 W38 0 242 17 1M 18 -2
1993 & 2 1L B a7 I 2 W 1 9% 0 1% % W11y AN
1994 ] 2 17bd% W05 n n M 4,73 10 10400 ¢ it R 7T N -4
1995 4 1 192,18 28 B 013 8 58,37 162 108.b4 LI ! ¥ 126 & 18
19% ] 20310 2 ¥ 13 9 70.0% 137 107,00 * W\ 5 4 4 &
im 3 1 HLYM 2% 3 3 B M 1 1N 1 s ] B W
i 3 1 289 A7 3z 13 % 1001,y 1 ".38 0 " B 8 A B
1999 2 1 4245 1 2 13 10 122,487 n wy L] n 20 % T L
2000 2 1 257,13 180 23 13 104 148,29 83 N ° B B 0% 1w M
2004 ? 1 21241 1M 21 13 108 1.4 % V.8 ’ B 10 F o 6 15
2002 1 1 28897 1% 1913 13 2A7.78 1| nN ’ i8 L) 13 I M
AT 16 w2 w2 1156 1498 20 M W

REX. 0 0 -0 0 ¢ o 6 0 ¢ ¢

1LY 16 2 a2 1114 14% M M W o N

15.01 N 1WA 243 i 900 20 W 13

1 O MV, 100 15 3 » 37 17 8 10




'E TROLEUN ECONONICS EVALUATSON PROGRAN Version: 89-11-01
QOMEGA HYDROCARBONS L1, Tise: 90/09/28 16513102
File: NINFILL
Loasents WASKADA INFILL DRILLING EVALUATION (PATTERM 324

----- ECONOMIC INDICATORS AT POS = 0.0 ----- Net capital exposure = Q24 M$
ROR - PN 0.0 0.0 BREAK EVEN PROBABILITY OF SUCCESS
PAYOUY PERIDD - YEARS 0.0 0.0

- CAL.YEAR 1991.0 1991.0 Disc Rate (1] 15.0 3.0
UNDISE PIR - §i% -100.00  -34.1b b.7ax BECOS (13  5%.% 94.%
15.0 PCY PIR - -100.00 -37.25 A.Tax BECOS (1)  00.4 125.4

30.0 PCT PIR - 3 -100,00  -59.80

TEXax sezzcxs=exxex RISK  ANALYSIS 2z EEEER
—wmeroemmee-— BEFORE TAX AFTER TAY =----—o=ee—
Prob of N N 12 S ) i N T 1
Success ROR DCF  OCF Payout Payout PIR ROk DCF BCF Payout Payout PIR
1 i ] B Yrs s 1 1 N M Yrs  Vrs 1
) 0.0 -424 -424 0,00 0.00 -300 0.0 -M3 -3¢ 0,00 0,00 -O7
0 0.0 424 -424 0,00 0.00 ~-100 0.0 -3 -3¢ 000 0.00 -
10 0.0 353 3719 0.00 0.0 -80 0.0 -203 -213 000 000 -4

0.0 -282 -335 0.00 0.00 -6l 8.0 -142 -3 0.00 0.0 -3
0.0 -212 -1% 0,00 0.00 -k 1.8 - -193 8.8 0.00 -2
5 -1 U5 1M 000 -2 7.0 82 173 605 0.00 -1b
10.0 <70 -2 552 000 -3 113 -42 132 495 0.8 -4
15.1 1-i% L3 1M ¢ 1L 2 -1 LN 0N -4
19.7 72 -1 LY AW 13 186 0B 112 LY . 7
%.0 142 -4 L3 .18 n NJg " 4 L8 e 13
»

a

d888e

R I B N I M 5 B3 1 -2 LG L
e W 3 LM LY % B3 1 % LB AR




PETROLEUN ECONONICS EVALUATION PROGRAN
OMEGA HYDROCARBONS LTD.

Yersion: 89-}1-0)
Tiases 90709/28 1631547
File: WINFILL
Cossents WASKADA INFILL DAILLING EVALUATION (PATTERN §-24) Report: peeproy
sttrzzscsssaxzasszszzseaszaczsxa WORKING INTEREST CROWN ROYALVIES, MINERAL TAX AND OTHER KOYALTIES zsszc=asswszzezsazazzcosscsssss

[==m=remsmmmmmerrmamone- CRONN ROYALYIES AND MINERAL TAY =~-----=--m-er---osovsomsosssssmoos Yy - OTHER ROYALTIES --—-—-—- 3
Dther Ran 0il T 1

il Bas Cond Propane Butane Sulphur  Ethane Prod. Sched  Frhld Over-  Over- Net

tromm Crown  Crown  Crown  Crosn  Crown  Crown  Crown Crawn Mineral Frhid  Riding Riding Profit

Royalty Royalty Royalty Royalty Royalty floylaty Royalty Royalty Royalty T Royalty Royalty Royalty Inter.
Year N s ns 1) s 2] s s i L} " n¢ 1] M
1991 1.8 9.0 0.0 0.0 0.9 0.0 0.0 0.0 0.9 13.1 4.2 0.0 0.0 6.0
1992 1.3 0.9 0.0 0.0 0.0 0.0 0.9 0.0 0.0 5.9 LM ) 0.0 0.0 8.0
1993 1.2 0.0 0.0 0.0 0.0 0.0 0.0 0.0 6.0 4.2 1.7 9.0 0.0 .0
1994 0.9 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 6.5 n.1 0.0 0.0 8.0
1995 0.8 0.0 0.0 0.0 0.0 2.0 0.0 0.0 0.0 9.0 3.7 0.0 0.0 0.0
199% 0.4 0.9 0.0 0.0 0.0 0.0 0.0 0.0 0.0 15 N9 9.0 0.0 .0
184 0) 0.5 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 30,6 0.0 0.0 %0
1 (X 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.9 60 219 .0 0.0 0.0
1 0.3 0.0 0.0 9.0 0.0 0.0 0.0 0.0 0.0 6.0 2.4 0.0 6.0 6.0
2000 0.2 0.0 0.0 0.0 0.0 0.9 0.0 0.0 0.0 0.0 25.2 0.0 9.0 0.0
00 0.2 6.0 6.0 9.0 0.0 0.0 0.0 0.0 0.0 0.0 .1 0.0 0.0 .0
2002 .} 0.0 0.0 0.0 0.0 0.0 0.0 0.9 0.0 8.0 %2 0.0 0.0 0.0
SBSRER F24 EETEZRT EEEEX SXSREI==ELISFELEAS zx EETEERER
12,9 .5 0.0 0.9 0.0 0.0 0.0 60 00 0.0 a1 W 0.0 0.0 8.0
0.0 0.0 0.0 0.0 0.0 0.0 0.0 8.0 %0 0.0 0.0 0.0 0.0 0.0 60
lll‘lllSSSSBISHSIII“BSSSSII“II'"‘" L + 1 L EXET XX EEEE EEEX: B 23 LEETEIRTEAERETRERT
12.4 8.3 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 a7 WY 0.0 6.0 (B




" ETROLEUM ECONOMICS EVALUATION PROBRAM
ONEGA HYDROCARBONS LID.

Version: B8%-i1-0}
Yine: 90/09/28 14:13:4)
Files WINFILL

Cosaent: WASKADA INFILL DRILLING EVALUATION (PATTERN 3-24) Report: newbtax

FITERKEISIIREISSRIISSECECARSEEEIEISEESEIITER NORKING INTEREST BEFORE TAY REFOR? EESIIETTCISERISITSISEEfITIEALARSTISILARERLERLIEESNIS
Initia}  Final Cash
Crown/ Crown!  DRR/ Revenue Other  Total  Other Total  Total Flow

Total  Manual Manual  frhld  Mineral  After  lac & Oper Exp k Oper  Intang Tang.  Yotal Before
Reveaue Royalty Roysity Royalty Tax  Royalty ARTC Cost WPl Incose Capital Capital Capital Ta
Tnar L 4] " s 13 | ns [} n ] n$ n L} ns

rmm—- e armsues wssmses

368 % 624

L I 1) 2 2 v 5 306 0 1] y M2 0 0 ) -
w2 W 1 1 “ 7 m 0 0 o 20 0 0 0 n2
1993 5 { ) 2 ¢ m ° 8 b I 0 0 0 1%
1994 W3 ! 1 » 0 us 0 " 0 180 0 0 0 19
" % | 1 3 o 249 o 1) "R 1) 0 0 0 12
% 2 | 1 n ¢ 0 % "R b 0 0 0 137
197 MW 0 0 3 6 W 0 L PTL 0 0 0 1
198 217 0 0 2% b 1B 'S % ) " 0 0 0 %N
1 1% ) ? % > In o 100 0 n 0 0 » n
2000 180 0 0 3 ¢ I 0 I 0 53 0 0 0 53
2000 14 0 ) 21 o 13 * 10 0 b 0 0 ) ]
002 1% 0 ) 19 0 I o 13 0 18 0 0 0 1
unununlmus.aalnluunn 3 - X TEEAEX BX! £ 3 3 2R
120 342 ’ P 3 2% o 1l 0 18 S8 % ]
0.0 ¢ 0 0 0 0 0 ¢ 0 0 0 0 0 0 ¢
“m“““u“ EX: X 28 Bnnﬁunms:nuuttu t 4 3 : =1 -} TEERER
120 N2 9 b W I 3L » 0 1M %8 % 6 m




" PETROLEUM ECONDNICS EVALUATION PROBRAN
ONESA HYDROCARBONS LTD.

Cossents NASKADA INFILL DRILLING EVALUATION tPATTERN 5-24)

Versien: B9-11-01
Tise: 90/09/28 16:14:26

Files NIWFILL

Report: peepat

2ZTETLITICIFELSLIITFTSRTLSFSSTSIIRSSITATTIIRTREATRS NORK ING INTEREST AFTER TAX DATA ErrsTrsTIITRLESSSSEISTSIRTLNSSSSCTRRASIINILES
Landd Langk Plant Plant Fed Prov

Aesorc Resorc Dev  Dev  Expl  Expl  Tang Tang LBath LGath Taxbl Fed Taxbl Prov  Inv  Total Cash

Incose Allow Bal Depr  Bal  Depr Bl Depr  Bal  Depr fncose  Yaxr Incose Tax Credit Tax  Flow
Yar W it 2] L] 0 ns n$ " L] 4] " ] ns ns N ns [ ]
1991 2W 5% S8 170 0 ] 3 7 ? ] 1 2 7 i 0 3 -4
1992 210 52 38 119 0 0 9 12 0 ] » il 38 b 0 17 I
1993 N2 s 28 EM) 0 0 n 9 0 o b1 te bl 10 0 B 168
(52 L T b4 LTI 38 0 0 % ) 0 0 13 i n 12 $ n W
1995 197 L )] 0 0 2 ] 0 6 n by n 13 0 B 1%
1% 1 3 " Fa) 0 ] 16 4 0 0 A n 12 0 L L)
L./ Y 8 b? 0 0 ¢ 12 3 0 0 2] 18 3 i 0 Fs ) -]
1998 %I ) 9 14 0 0 9 2 0 ) L 16 " L] 0 Y] M
" 1 18 ) 10 0 0 7 2 0 0 LM 12 43 7 0 20 2
000 32 13 23 7 0 0 3 1 0 0 32 | L, S ¢ 15 38
2001 H 9 1 ] 0 0 4 0 0 Fil b i) L 0 10 F e}
002 i? 4 1! 3 0 0 3 1 o 0 9 3 9 2 0 4 13
SEEEEBEEES SEETEE ZTETET s LTS Tz ]
120 181 W 540 ) L1 0 1 1 B % 0 M n
0.0 0 L] ] 0 1 0 ¢ 0 0 0 0 0 ]
Py xn 2 TTETTE XTIEARTTATEIEZAIEITIRELSTRSTLCETIE
120 1488 30 560 0 5 0 851 199 351 W ¢ 1M a2




Figure 19 -
OIL-WATER RELATIVE PERMEABILITY
Waskada Lower Amaranth Pool

Irreducible Water Saturation = 0.37
Rock Type 2
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Waskada Lower Amaranth Pool
Irreducible Water Saturation_ = 0.63

Figure23
OIL-WATER RELATIVE PERMEABILITY
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Figure 18

AVERAGE WATER-OIL RELATIVE PERMEABILITY RATIO
Waskada Lower Amaranth Poo)
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Figure 17
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Figure 21
OIL-WATER RELATIVE PERMEABILITY
Waskada Lower Amaranth Pool
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June 20, 1991

Mr. Warren Sharp
District Manager

Omega Hydrocarbons Ltd.
P.0. Box 130

Waskada, Manitoba

ROM 2EO

Dear Warren:

RE: Waskada Unit No. 4
Reduced Spacing Project

Your request to continue to produce the infill wells to lease tank or run
common flowlines has been reviewed by the Petroleum Branch.

Omega in its application for reduced spacing indicated the company would
minimize the actively used lease area. This condition is regarded by The
0il and Natural Gas Conservation Board as fundamental to the approval of
such projects. Therefore your request to permanently produce the infill
wells to lease tank is denied. The infill wells may continue to be
produced to lease tank until Omega is otherwise advised by the Branch.

The Branch is prepared to entertaln an application for use of common
flowlines for the infill wells. The application should be filed in
accordance with the requirements of Section 127 of the Petroleum Drilling
and Production Regulation. In particular, Omega is requested to file,

(1) plans for production testing the wells on the common flowllne to
ensure accurate data is obtalned to evaluate the reduced spacing
project, and

(2) detalled economics comparing the installation of separate and common
flowlines for the infill wells.

If you have any questions in respect of this matter please contact the
undersigned at 945-6574.

Yours truly,

John K. Fox, P. Eng.
Chief Petroleum Engineer

cc: Waskada



HYDROCARBONS /-

TELEPHONE: (204) 673-2528 RO. BOX 130, WASKADA, MANITOBA ROM 2E0

May 28, 1991.

Mr. John Fox,

Chief Petroleum Engineer,
Petroleum Branch,

555 = 330 Graham Avenue,
Winnipeg, Manitoba,

R3C 4E3.

Dear Sir:

Re: Producing Infill Pilot Project Wells

At the present time we are continuing to monitor the production out
of each well on a daily basis. To do this we have to produce each
well into a lease tank. If these wells were tied into a satellite
we would not be able to leave them on test.

To accommodate our committment to minimize the activity on our lease
areas we put in buried flowlines from 8A-23-1-26 to 6A-24-1-26

back to the built up road areas and placed our field tanks on these
road areas. This causes very little extra inconvenience to the
farming operations. As well we set these jacks east west rather

than north south to minimize the obstruction for the farming patterns.

As of this time we are not sure the production has levelled off to
the rate we can expect so we do not want to spend anymore than
necessary to keep this an economically viable project.

We feel due to the capabilities of our existing production facilities
the most economical way to produce these wells would be to common
flowline one infill well with one existing well and use the usual
testing procedure for common flowlines. This of course would be done
after the initial testing period to lease tanks.

el f2




By doing this we would not have the cost of installing extra flowlines
plus the disturbance to the farm land for flowline installation. If
common flowlines are not acceptable our proposal would be to produce
to the field tanks as we are now set up.

I hope you find this acceptable to enable us our continued operation
of this project.

Yours truly,

Warren Sharp,
District Manager.

WS/sw
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June 10, 1991

Mr. R.A. Brekke, P. Eng.
Senior Exploitation Engineer
Omega Hydrocarbons Ltd.
1300, 112 - 4th Avenue S.W,
Calgary, Alberta

T2P OH3

Dear Richard:

RE: Waskada Reduced Spacing Pilot Project
Water Injection Targets

Your plans as outlined in your letter dated May 31, 1991, to over-inject
at a voidage-replacement ratio of approximately 1.3 in the injection
patterns in and surrounding the reduced spacing project area is acceptable,

The Branch 1is concerned that a continued drop in reservoir pressure may
result in a loss in ultimate recovery. Therefore, failure to meet a
voidage-replacement target of 1.0 may result in the Branch recommending to
the 0i1 and Natural Gas Conservation Board that some of the producing
wells in the reduced spacing project be shut in.

If you have any questions in respect of this matter, please contact the
undersigned at (204) 945-6574.

Yours truly,

Pl

John K. Fox
Chief Petroleum Engineer
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May 29, 1991

Mr. R.A. Brekke, P, Eng.
Senior Expleitation Engineer
Omega Hydrocarbons Ltd.
1300, 112 - 4th Avenue 3.V,
Calgary, Alberta

T2P OH3

Dear Richard:

RE: Waskada Reduced Spacing Pilot Project
——__VWater Injection Targets

The Branch has received your letter listing the results of pressure
surveys conducted on the recently drilled 1infill wells. The Branch is
very concerned that the average reservoir pressure in most of the infill
wells is below the estimated bubble peint pressure of 4220 kPa.

You are requested to provide the Branch with Omega's water injection
targeta for the 5-24-1-26 well and the surrounding injectors; 13-13-1-26,
15-13-1-26, 15-14-1-26, 7-23-1-26, 15-23-1-26, 7-24-1-26, 13-24-1-26 and
15-24-1-26. In support of the injection targets please provide an
estimate of the time needed to repressure the project area to an average
reservoir pressure (datum -440 m subsea) of 4500 - 5000 kpa.

If you have any questions please contact the undersigned at (204)
945-6574,

Yours truly,

John N. Fox, P. Eng.
Chief Petroleum Engineer



HYDROCARBONS LTD

1300 SUN LIFE PLAZA IT
112 - 4t AVENUE S.W.
CALGARY, AL BERTA, CANADA T2P 0H3

TELEPHONE (403) 261-0743
FAX (403} 264-5691

May 31, 1991

Manitoba Energy and Mines
Petroleum Branch

555 = 330 Graham Avenue
Winnipeg, Manitoba

R3C 4E3

Attention: Mr. John Fox
Chief P oleu nginee

Dear Sir:

RE: Waskada Reduced Spacing Pilot Project
wWate n o [14:]

Oomega Hydrocarbons Ltd. concurs with your concern surrounding the low
reservoir pressures found at the four infill wells and has taken steps to
correct the situation starting June 1, 1991. The previously submitted
isobaric map shows a localized low pressure area surrounding injection well
5-24-1-26 WPM and average reservoir pressures greater than the bubble point
pressure at the surrounding injectors. Thus, Omega plans to overinject into
injector 5-24-1-26 WPM while continuing to at least replace voidage at the
offset injectors.

Attachment 1 summarizes the recent production withdrawl rates for the
injection patterns of concern and the proposed injection targets for June
1991. Tt should be noted that the voidage replacenment calculations presented
herein incorporates the infill well production. Based on previous experience
in Waskada and constant injection rates repressuring injection pattern
5-24-1-26 WPM to above 4500 kPa should be accomplished in approximately 4
months.

If there are any further questions related to this matter please contact the
undersigned at (403) 261-0743.

Yours truly,

OMEGA HYDROCARBONS LTD.

szﬁfszfjisu—’""——%ﬁmH%”m_“

R.A. Brekke, P. Eng.
Senior Exploitation Engineer

RB/ns
c.c.: J. Beardsworth
waskada Reduced Spacing Application File




waskada Reduced Spacing Pilot Project
Water Injection Targets

Attachment 1

R — N —
Injection Pattern February 1991 March 1991 April 1991 Proposed June 1991
Production Ji thdraul Production Jithdraul Production Jithdraul Water Injection Target
(Rr') Chw) (Rar') (o’ /month)
13-13-1-26 WPM 677.3 746.0 771.9 750.0
15-13-1-26 WPM 610.6 612.5 464.9 450.0
15-14-1-26 WPM 0.0 35.8 7.8 150.0
7-25-1-26 WPM 74.5 216.7 167.5 210.0
15-23-1-26 WPM 346.2 343.3 279.4 750.0
5-24-1-26 WPM 1,2464.7 1,405.0 1,472.0 1,800.0
7-24-1-26 WPN 670.9 675.8 601.9 600.0
13A-24-1-26 WPM 396.2 bbb 4 357.7 900.0
_15:24-1:26 we I S 397.3 | wee0
Note: Bw (injection water) = 1.007 Rm:‘/m3 4‘6(0?)'( L‘KD’LOL" 60‘10

f\/
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May 1, 1991

Mr., Warren Sharp

Omega Hydrocarbons Ltd.
1300, 112 - 4th Avenue S5.W.
Calgary, Alberta

T2P OH3

Dear Warren:

RE: Flowline Construction - Waskada Unit No. 4
Reduced Spacing Project

As a result of our discussion April 30, 1991, I reviewed the conditions of
the Board's approval and the commitments Omega made in its application with
respect to flowlines, production measurement and land use.

In its application Omega committed to flowlining the wells and minimizing
the actively used lease area. The Petroleum Branch because it's a pilot
project expects Omega to collect as accurate production data as possible.
For these reasons I don't think it is feasible to use test tanks (except on
a temporary basia) or common flowlines in the project area. The Petroleum
Branch will however, review any proposal you have that accomplishes the
above objectives.

If you want to discuss this further, please call me.

Yours truly,

John N. Fox
Chief Petroleum Engineer

cc: Waskada



Manitoba 4=

ihe Oll and Natural Gas Room 309

Conservation Board Legislative Building
Winnipeg. Manitoba, CANADA
R3C ov8

(204) 945-3130

January 25, 1991

Mr, R.A, Brekke, P, Eng.
Sr. Exploitation Engineer
Omega Hydrocarbons Ltd.
1300, 112-4th Avenue S.W,
Calgary, Alberta

T2P OH3

Dear Sir:

RE: Waskada Unit No. 4 Reduced Spacing
Board Qrder No, SU 7

A copy of Board Order No. SU 7 establishing four (4) 200 x 200 m sguare
spacing units in a portion of Waskada Unit No. 4 ("the project area") is
attached.

The Board believes Omega's reduced spacing pilot project will provide
valuable infermation on the potential for incremental recovery by infill
drilling in the Waskada Lower Amaranth A Pool. The Board is not
convinced however, that Omega's proposal of drilling only infill
producers will maximize ultimate recovery.

The Board does not want to discourage operators from infill drilling but
rather wants to encourage operators to thoroughly analyze infill drilling
and waterflood modification alternatives and select the alternative that
maximizes ultimate economic recovery. The Board believes that it would
be beneficial for Omega to use the reservoir and performance data it has
collected and the additional data that becomes available from the reduced
spacing pilot project to update and fine-tune its 1985 Waskada Reservoir
Model Study. The updated model study could then be utilized to evaluate
infill drilling and waterflood modification alternatives for future
reduced spacing applications.

The Board acknowledges Omega's plans to run an injection profile log at
5-24-1-26 to evaluate the vertical conformance of the waterflood. The
Board is also pleased to see that Omega is considering the possibility of
running fracture orientation logs and a tracer program. The information
obtained from such surveys provides a better understanding of reservoir
performance and would contribute significantly to the improvement of the
model study.

Pressure maintenance operations in the project area will continue to be
governed by Board Order No. PM 58 ("the Order"). Omega is reminded that



in accordance with Section 1 of the Order, the company 1is required to
either maintain continuous water injection or apply to the Board for
approval to suspend water injection. The annual pressure maintenance
project report required under Section 7 of the Order should be expanded
to include a separate section discussing the performance of the reduced
spacing project.

In order to minimize land use conflicts, it is the Board's understanding
that Omega has committed to locating two of the infill wells on existing
access roads, running underground hydro, using non built up roads,
flowlining the wells and minimizing the actively used lease area.

The four proposed Iinfill wells will be classified as new oil wells,
entitled to a holiday o1l volume calculated in accordance with the
regulations. For further information on royalty and production tax
matters, Pleaze contact Brad Thiessen, Manager of Petroleum
Administration, at {204) 945-6571.

Omega in its application for well 1licences for the infill wells 1is
requested to:

(1) submit for approval of the Director of Petroleum its drilling
program including its contingency plan in the event of a well kick,
blowout or cother loss of control situation, and

(2) obtain the approval of the Rural Municipality of Arthur for any well
to be located less then 50 m from the municipal road allowance.

If you have any questions in respect of this matter, please contact L.R,.
Dubreuil, Director of Petroleum, at (204) 945-6573 or Jochn Fox, Chief
Petroleum Engineer, at {(204) 945-6574.

Yours respectfully,

%%%

H. Clare Moster
Deputy Chalrman



" Manitoba &

The Oil and Natural Gas Room 309

Conservation Board Legislative Building
Winnipeg. Manitoba, CANADA
R3C 0v8

{204) 945-3130

Order No, SU 7

An Order Pertaining to Drilling Spacing Units
Waskada Lower Amaranth A Pool
Waskada Unit No. 4

WHEREAS, subsection (9)(b) of section 62 of "The Mines Act", being Chapter
M160 of the Continuing Consolidation of the Statutes of Manitoba, provides as
follows:

"62(9) Without restricting the generality of subsection (8) the board,
with the approval of the minister, may make orders

(b) respecting the designation of the area that shall be allocated
to a well in connection with fixing allowable production;"

AND WHEREAS, clause (1)(f) of section 63 of "The Mines Act" being Chapter M160
of the Contlinuing Consolidation of the Statutes of Manitoba, provides in part
as follows:

"63(1) For the purpose of carrying out the provisions of this Part and
Part 1II according to their intent, the Lieutenant Governor in
Council may make such regulations and orders as are ancillary
thereto, and are not inconsistent therewith; and every such
regulation or order made under, and in accordance with the
authority granted by, this section has the force of law; and,
without restricting the generality of the foregoing, the
Lieutenant Governor in Council may make regulations and orders,

(f) prescribing spacing units and the size and shape of spacing
units;”




AND WHEREAS, subsection (1) of section 20 of Manitoba Regulation 430/87R under

The Mines Act ("the Petroleum Drilling and Production Regulation") provides as
follows:

"20(1) Notwithstanding section 19, the board may, after a public hearing
or after publication of notice, presecribe by order special
drilling spacing wunits which may differ from normal drilling
spacing units in size, shape or target area.”

AND WHEREAS, subsection (3) of Section 21 of the Petroleum Drilling and
Production Regulation provides as follows:

"21(3) Where a special drilling spacing unit is prescribed under section
20, the board may prescribe the target area within which a well
shall be completed in order to qualify for a maximum permissible
production rate based on the area of the special drilling spacing
unit."”

AND WHEREAS, the Board received an application dated September 28, 1990 from
Omega Hydrocarbons Ltd. as unit operator of Waskada Unit No. 4 ("the unit
area") for approval to reduce the size of drilling spacing units in a portion
of the unit area outlined in Schedule A ("the project area").

AND WHEREAS, upon publication of notice of the application, the Board received
no objections to or interventions in the applicatien.

AND WHEREAS, the Board wupon review of the application considers that
establishment of smaller drilling spacing units within the project area may
result in an increase in recovery of crude oil from the project area.

NOW THEREFORE, the Board orders:

1. The establishment of four (4) special drilling spacing units for the
drilling of wells within the project area, for the purpese of
producing oil from or injecting salt water into the Lower Amaranth
Formation. Each spacing unit shall be a square having sides 200
metres in length, centered on the midpoint of the boundary of the
legal subdivisions, The resulting configuration of specilal drilling
spacing units is shown on Schedule A.

2. The target area of each special drilling spacing unit shall be a
square area having sides fifty metres from the sides of the special
drilling spacing unit and parallel to them.

3. The location of any new wells in the project area shall conform to
the requirements of Section 17 of the Petroleum Drilling and
Production Regulation and shall not be drilled within 130 metres of
any other well in the pool.




P losTon

H. Clare Moster
Deputy Chairman

OIL ARD NATURAL GAS CONSERVATION

BOARD ORDER NO ‘.;Sg_u 7 APPROVED THIS
DAY OF A.D., 1991
wmupx?.

AT THE CITY OF

APPROVED:

A

“Hxrsld Neufeld

Minister of Ene

"gy and Mines



BOARD ORDER NO. SU 7
SCHEDULE A
WASKADA UNIT NO. 4

SPECIAL DRILLING SPACING UNITS
LOWER AMARANTH FORMATION

RGE. 26 WPM PROJECT AREA
Sec. 24

LEGEND

@ Existing water injection well
® Existing producer
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From: H. Clare MO
i .t!',e }-

& Minsters "%\
~ (@]
[+ o
Telephone: « JAN 22 1991 -.g.
iy O
- _ . W L)
D Take Action D Per Your ReqUe [:l Cirgulate, Initial @ For Approval Q I:] Make Copies
and, Return Signature
] May we Discuss ] For Your Information  [[] Return With Comments [ ] Draft Reply for e File
or Revisions Signature

Comments: RE: SPECIAL REDUCED SPACING APPLICATION (OMEGA -~ WASKADA UNIT NO. 4)

The attached Board Order No. SU 7 is recommended for your signature and the Minister's

approval.

The proposed covering letter will be the Board's response to Omega's January 7, 1991

deficiency letter.

Please return signed and approved Order at your earliest convenience.

MG-1298 PS-£-182 0940100671
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To

Subject

January 16, 1991 Memorandum

. From .

The 011 and Natural Gas ’ John K. Fox
Conservation Board Chief Petroleum Enginee
— . Ian Haugh, Chairman Petroleum Branch

-  H. Clare Moster, Deputy Chairman

- . ¥m. McDonald, Member Telephone

r

First | Fold

BREIE S ST L R AN

RE: Waskada Unit No. 4
cat duced Spa

Notice of Omega's application to reduce spacing in a portion of Waaskada
Unit No. 4 was advertised in the Melita New Era, the Deloraine Times and
Star and the Manitoba Gazette. Notices were alsc sent directly to,

(1) the working interest and royalty owners within and adjacent to the
project area,

{2) the surface owners in the project area,

(3) major operators in the Waskada Field,

(4) the Surface Rights Association, and

(5) Rural Development, Agriculture and Environment (including a copy of
the application).

No objections to or interventions in the application were received. HNone

of the Departments notified had any major concerns with the application
(Attachments 1 - 3).

RECOMMENDATIONS

It is recommended that the Board approve the reduced spacing
application. Proposed Board Order No. SU 7 establishing four (4) 200 m x
200 m square spacing units within the project area is attached.

The proposed Board letter of approval to accompany Board Order No. SU 7
is attached and requires Omega to,

(1) consider updating and fine-tuning its 1985 Reservolr Model Study to
evaluate infill drilling and waterflood modification alternatives
for future reduced spacing applications,

(2) submit a review of the reduced spacing project with its annual
pressure maintenance project report,

(3) submit for approval of the Director of Petroleum its drilling
program including Omega's contingency plan in the event of a well
kick, blowout or other loss of well control situation, and



(4) obtain the approval of the Rural Municipality of Arthur for any well
to be located less the 50 m from the municipal road allowance.

DISCUSSION

The proposed 96 ha reduced spacing pilot project is in the 5-24-1-26
(WPM) 9-spot injection pattern in Waskada Unit No. 4 (Figure 1). Omega
selected the project area based on the following technical considerations,

(1) above average reservoir quality - average recovery 10386 m3 /well
in the project area vs, 4476 m3 /well for the Waskada Field,

(2) good reservoir continuity,

(3) a proven oil producing area - current average productivity 2.1 m3
/d/well in the project area vs. 1.3 m3 /d/well for the Waskada
Fleld,

(4) a low producing WOR - average WOR 2.6 m3 /m3 in the project area
vs 1.3 m3/m3 for the Waskada Field, and

(5) a single injection pattern.

Pressure maintenance in the 5-24-1-26 injection pattern has included both
gas and water injection. Gas was initially injected into 5-24-1-26
commencing in June, 1984. Premature gas breakthrough occurred in
November, 1984 at the 8-23, 3-24 and 4-24 wells (Figure 2). Gas
injection at 5-24 was terminated in March, 1985 after 852 x 103 m3
gas (1.7% PV) was injected.

Water Injection commenced In April, 1985 and to date a total of 66 319
m3 (7.2% PV) has been injected.

A plot of the production history for the 5-24-1-26 injection pattern is
shown in Figure 3 (the plot includes the 9-23, 11-24 and 12-24 wells
cutside the reduced spacing project area). From decline curve analysis,
the estimated primary and secondary oil recovery for the 5-24 injection
pattern is 12% OOIP and 23.3%X O0O0IP, respectively. Individual well
recoveries within the project area to date range from 5 - 25% 00IP and
average 17.2% 00IP.

Omega's 1985 Waskada Reservoir Model Study of the Lower Amaranth
Formation was conducted on the area Jjust north of the proposed reduced
spacing project area (Figure 1). The predicted primary and ultimate
waterflood recovery from the model study were 9.1% and 36.5% - 38.2%,
respectively (the variation in wultimate waterflood recovery was a
function of the average permeability used).

Figure 4 shows the waterflood production forecast from the model study.
The waterflocod model performance is characterized by a lessenlng of the
production decline and a steady increase in WOR over the first 10 years.
No oil bank is formed as a result of the initial mobile water saturation.



The waterflood performance of the 5-24 injection pattern has been poorer
than predicted, characterized by a more rapid decline in cil production
and a higher than predicted and very erratic WOR.

By comparing the mobile 0il saturation (initial oil saturation - residual
0ll saturation to waterflooding) to the estimated ultimate waterflood
recovery for the 5-24 injection pattern, it 1is possible to estimate a
volumetric sweep efficiency. Based on an initial oil saturation of 40% -
64% and a residual oil saturation after waterflooding of 15% - 20%, the
estimated volumetric sweep efficiency for the 5-24 injection pattern is
between 31% - 47%, compared with a predicted volumetric sweep from the
model study of between 48% - 76%. Table 1 shows a comparison between
actual performance of the 5-24 injection pattern and the waterflood
performance predicted by the model study.

The reasons for the poor volumetric sweep efficlency in the 5-24
injection pattern are unclear but in all probability are a combination of
the following:

(1) 1Iinitial mobile water saturation - the 5-24 injection pattern had a
WOR = 0.5 m3/m3 prior to waterflood start-up,

(2) permeability variations within the Lower Amaranth - only 12-24-1-26
in the 5-24 injection pattern has been cored but Chevron in its
Waskada Unit No. 6 pressure maintenance application calculated a
Dystra-Parsons permeability variation of 0.8 (range 0 - 1.0, with
zero equivalent to a homogeneous system),

{3) 1injected fluid channelling between the injection/producer,

(4) preferential flow paths created by fractures induced during
stimulation of the wells, and

(5) poor vertical distribution of injected water.

Since water injection commenced in the 5-24 injection pattern, injection
has twice been suspended for significant periods of time, August /86 to
March /87 and November /88 to February /90. During temporary suspension
of water injection, which Omega indicated was to prevent premature water
breakthrough from detrimentally affecting ultimate recovery, there was a
steady decline in WOR and a corresponding moderation or reversal of the
decline in oil production (Figure 3).

The premature breakthrough of gas injection and the production
performance during the temporary suspension of water injection suggests
that there is channelling between the 5-24 injector and some of the
producing wells and overall poor areal sweep in the 5-24 injection
pattern. Omega also contends that fractures induced during well
stimulation have created a preferential flow path in a NE - SW direction
which has had an adverse effect on waterflood performance., A review of
the production of on-trend wells {(1-23, 9-23, 3-24, and 11-24) and
off-trend wells (8-23, 4-24, 6-24 and 12-24) shows little difference in
performance until mid-1988 through 1989 when an erratic increase in water
production at the on-trend wells 1-23 and 3-24 resulted in a significant
drop in oil productivity, as shown in Figure 5. Presently, however, oil



production and WOR for on and off-trend wells are comparable casting some
doubt on Omega's conclusion that preferential movement of injected fluids
along induced fractures has had a detrimental impact on waterflood
preformance in the 5-24 injection pattern.

Waterflood performance in the 5-24 injection pattern has been poorer than
predicted due to premature injection fluid breakthrough and poor
volumetric sweep efficiency. It is suggested that because of the poor
initial waterflood performance, the 5-24 injection pattern is a good
infill drilling candidate.

REDUCED SPACING PILOT PROJECT DESIGN

Omega has applied for special reduced drilling spacing units within the
project area to permit the drilling of 4 infill wells on 4 ha spacing
units between existing producers as shown in Figure 1.

Omega's rationale for choosing the infill locations midway between
existing producers is to place the wells outside theoretical production
streamlines and the suspected NE - SW induced fracture plane, in a
portion of the reservoir least 1likely to have been swept by the
waterflood.

Omega estimates the improved areal sweep achieved by locating the infill
wells in potentially unswept portions of the reservolr will result in an
incremental recovery of 3.3% OOIP in the project area or approximately
4000 m3 /well. The 3.3% increase iIn recovery represents a 4-6%
increase in volumetric sweep efficiency as a result of the infill wells.

Reserve additions through infill drilling are difficult to quantify.
Omega's estimated incremental recovery of 3.3% O00IP, is less than the
incremental recovery of 4% O00IP commonly quoted in the literature for
infill drilling from 16 ha to 8 ha spacing in low permeability reservoirs
under waterflood.

Omega' s inf11l well production forecast assumes an initial productivity
of 2 m3/d/well declining at 14X /yr with no interference between the
infill and existing wells., This forecast is probably conservative given
the average initial well productivity in the 5-24 injection pattern was
11.1 m3/d/well and the current average productivity is 2.1 m3/d/well.

Omega's injection strategy is to replace voldage and maintain reservoir
pressure in the project area and surrounding injection patterns. The
5-24 injector and surrounding injection wells should have no problem
meeting the additional voidage from the infill wells {estimated at 42
rm3/d).

As a result of the temporary suspension of injection at 5-24-1-26, the
cumulative voidage-replacement ratio in the 5-24 injection pattern is
only 0.46 and the reservolr pressure at 5-24 is only 4545 kPa (static
gradient run 90/12/19) less than 400 kPa above the bubble point. The
Board should remind Omega that 1in accordance with Section 1 of Board
Order No. PM 58 covering Omega's Lower Amaranth pressure maintenance



projects, the operator is to either maintain continuous injection or
apply to the Board for approval to suspend injection.

Omega indicated that should the reduced spacing project prove
economically successful, it may apply to reduce spacing in Unit No.'s 1,
4 and 8 (Figure 6) which cover approximately 1/4 of the Waskada Field.
Omega's tentative plans would be to continue drilling infill producers, 8
per 9-spot injection pattern thereby creating 17-spot injection
patterns. Then, if required for pressure support, Omega may eventually
modify injection to implement a line-drive scheme.

The Board in its deficiency letter (October 25, 1990) requested Omega

review a number of infill drilling and waterflood modification
alternatives.

(1) No infill drilling and conversion of producers to injectors to
modify the existing 16 ha nine-spot injection pattern to 16 ha
five-spot injection patterns (Figure 7).

(2) Infill drilling on 8 ha spacing and injector conversions to develop
8 ha nine-spot injection patterns (Figure 8).

(3) 1Infill drilling on 8 ha spacing and injection conversions to develop
8 ha five-spot injection patterns (Figure 9),.

All the above infill drilling and waterflood modification alternatives
improve areal sweep efficiency by altering flow streamlines, reducing
interwell distances, realigning injection patterns, and increasing the
injector/producer ratio. The location of the infill wells in Omega's

proposed reduced spacing project effectively eliminates the above
alternatives.

Omega's major concerns with the above alternatives are;

(1) the loss of productivity from conversion of existing producers to
injectors,

(2) the additional capital costs for injector conversions, and

(3) the location of infill wells between existing producer/injector
pairs in a swept portion of the reservoir.

In Omega's view, the above technical and economic concerns are magnified
by the poor performance of the waterflood especially its failure to
significantly increase productivity. The Petroleum Branch dces not
disagree with Omega's cursory assessment of the infill drilling and
waterflood modification alternatives but believes future reduced spacing
applications for the Waskada Lower Amaranth A Pool should include a more
technically rigorous analysis of these alternatives,

In order to conduct a more detailed evaluation of infill drilling and
water modification alternatives, Omega will require additional
geological, reservoir and production data. The Petroleum Branch is
concerned Omega's proposed pilot project evaluation program consisting of



a dual induction and sonic log, additional pressure surveys and regular
production testing will not provide this informatioen.

The Board (December 21, 1990) requested Omega review the feasibility of
running additional logs, tests, surveys and analyses designed to provide
additional geological and reservoir information. Omega's position is
that it has already collected the necessary data to obtain a
comprehensive reservoir description. The company believes saturation
logs and other zonal data has limited practical use because the wells
have to be fractured. Omega did agree however to run an injection
profile log at 5-24-1-26 and in the future consider conducting a tracer
survey and running fracture orientation logs.

At this time, the Branch is prepared to recommend approval of the
application without additional logs, tests, surveys and analyses. It is
suggested however, that the Board indicate to Omega that it would be
beneficial in the review of future reduced spacing applications, i1f the
company used the reservoir data it has collected and the additional data
from the reduced spacing project to fine-tune and update its 1985 Waskada
Reservoir Model Study. The updated model study could then be utilized to
evaluate infill drilling and waterflood modification alternatives.

LAND USE IMPACTS

The reduced spacing project area is totally in crop land. The location
of the infill wells minimizes land use conflicts as 2 locations are on
existing access roads as shown in Figure 10 (one adjacent to a municipal
road allowance). The 4 infill locations including the access roadas will
require an additional 4 ha surface area., To further minimize the impact
on agricultural activities, Omega plans to run underground hydro, use non
built up trails, flow line the wells and minimize the actively used lease
area.

When questioned as to whether horizontal drilling could be utilized to
further reduce land use impacts, Omega indicated the Lower Amaranth
Formation is mnot an 3ideal horizontal well target because of 1its
lenticular nature. Other operators have also expressed concerns with the
Lower Amaranth as a horizontal well target.

Omega has Indicated, however, that in circumstances where land use
impacts were severe, it would consider directional drilling. However,
because of the added costs and the pilot nature of this project, Omega is
not prepared to utilize directional drilling at this time.

PROPOSED BOARD ORDER NO, SU 7

The Petroleum Branch believes the proposed reduced spacing pilot project
will yield information regarding the areal conformance of the waterflood
and the potential for increasing recovery in the Waskada Lower Amaranth A
Pool by infill drilling. It 13 therefore recommended that the
application be approved. Proposed Board Order No. 5U 7 establishes four



(4) 4 ha spacing units for the drilling of the infill wells. The 200 m x
200 m square spacing units which overlie the original 16 ha spacing units
are centered on the midpoint of the boundaries of the LSD's. No attempt
has been made to modify the original 16 ha spacing units.

ORIGINAL SIGNED BY

JOHN N. FOX
John N. Fox
Encl. Grrital g
Approved: . B, DUEXEU:.

L.R. Dubreull, Director



Orde 1]

An Order Pertaining to Drilling Spacing Units
Waskada Lower Amaranth A Pool
Waskada Unit No. 4

WHEREAS, subsection (9)(b) of section 62 of "The Mines Act", being Chapter
M160 of the Continuing Consclidation of the Statutes of Manitoba, provides as
followa:

"62(9) Without restricting the generality of subsectlon (8) the board,
with the approval of the minister, may make orders

{(b) respecting the designation of the area that shall be allocated
to a well in connection with fixing allowable production;”

AND WHEREAS, clause (1)(f) of section 63 of "The Mines Act" being Chapter M1l60
of the Continuing Consolidation of the Statutes of Manitoba, provides in part
as follows:

"63(1) For the purpose of carrying out the provisions of this Part and
Part III according to their intent, the Lieutenant Governor in
Council may make such regulations and orders as are ancillary
thereto, and are not Iinconsistent therewith; and every such
regulation or order made under, and in accordance with the
authority granted by, this section has the force of law; and,
without restricting the generality of the foregoing, the
Lieutenant Governor in Council may make regulations and orders,

(f) prescribing spacing units and the size and shape of spacing
units;"



AND WHEREAS, subsection (1) of section 20 of Manitoba Regulation 430/87R under
The Mines Act ("the Petroleum Drilling and Production Regulation") provides as
follows:

"20{1) Notwithstanding section 19, the board may, after a public hearing
or after publication of notice, prescribe by order special
drilling spacing units which may differ from normal drilling
spacing units in size, shape or target area.”

AND WHEREAS, subsection (3) of Section 21 of the Petroleum Drilling and
Production Regulation provides as follows:

"21(3) Where a special drilling spacing unit is prescribed under section
20, the board may prescribe the target area within which a well
shall be completed in order to qualify for a maximum permissible
production rate based on the area of the special drilling spacing
unit."

AND WHEREAS, the Board received an application dated September 28, 1990 from
Omega Hydrocarbons Ltd., as unit operator of Waskada Unit No. 4 {("the unit
area") for approval to reduce the size of drilling spacing units in a portion
of the unit area cutlined in Schedule A ("the project area”).

AND WHEREAS, upon publication of notice of the application, the Board received
no objections to or interventions in the application.

AND WHERFAS, the Board wupon review of the application considers that
establishment of smaller drilling spacing units within the project area may
result in an increase in recovery of crude oil from the project area,

NOW THEREFORE, the Board orders:

1. The establishment of four (4) special drilling spacing units for the
drilling of wells within the project area, for the purpose of
producing oll from or injecting salt water into the Lower Amaranth
Formation. ©Each spacing unit shall be a square having sides 200
metres in length, centered on the midpoint of the boundary of the
legal subdivisions. The resulting configuration of special drilling
spacing units is shown on Schedule A.

2. The target area of each speclal drilling spacing unit shall be a
square area having sides fifty metres from the sides of the special
drilling spacing unit and parallel to them.

3. The location of any new wells in the project area shall conform to
the requirements of Section 17 of the Petroleum Drilling and
Production Regulation and shall not be drilled within 130 metres of
any other well in the pool.



H. Clare Moster Tan Haugh

Deputy Chairman Chairman
OIL AND NATURAL GAS CONSERVATION APPROVED:
BOARD ORDER NO. SU 7 APPROVED THIS

DAY OF A.D., 1991

AT THE CITY OF WINNIPEG,

Harold Neufeld
Minister of Energy and Mines



BOARD ORDER NO. SU 7
SCHEDULE A
WASKADA UNIT NO. 4

SPECIAL DRILLING SPACING UNITS
LOWER AMARANTH FORMATION

RGE. 26 WPM PROJECT AREA
Sec. 24

LEGEND

® Existing water injection well
® Existing producer
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0ot - January 15, 1991 Memorandum

To

From .
Mr. John N. Fox Serge Scrafield
Chief Petroleum Engineer Acting Director
Petroleum Branch Provincial Planning
355 = 330 Graham Ave. Rural Development
- Telephog)5. - 800 Portage
Subect .  WASKADA UNIT NO. 4

—REDUCED-SPACING PELOTPROFEOT—

Thank you for sending to us a copy of Omega's application and
additional information filed in support of their application.

Qur Department's Field Office in Deloraine has reviewed the
material and discussed the project proposal with the Reeve of the
R.M. of Arthur and with your Department's inspector in wWaskada.
The following concerns were ralsed:

- That there be proper set backs from municipal roads;

- That the results of the Pilot Project be made available
to the municipality:;

- That the company make every effort to reach satisfactory
lease arrangements with the landowners involved; and

- That the company undertake effective and prompt remedial
actions should there be any spills.

Should you receive, at anytime, a report on the Pilot Project from
the company, we and the municipality would appreciate a copy.

Thank vou very much for your attention.

gy

rge Scrafield

c.c. Mr. G. D. Forrest
Mr. D. Johns
Mr. N. Carroll
Mr. T. Brown
Mr. D. Partridge




Rriacineny 2
M. aitoba <

o December 21, 1990 Memorandum

1 John Fox From J.R.D. Partridge, Chief
Chief Petroleum Eng. Land Utilization Section
Petroleum Branch Manitoba Agriculture
.555-330 Graham Ave. 908 - 401 York Ave.

‘ Winnipeg, MB.
‘Reduced Spacing Pilot :
Subect . waskada Unit 4 Telephone  .945-3837

We have reviewed the proposed reduced spacing project for four pilot

wells on SE23 & SW24-1-26W, and in view of the proposed alignment of
- the new wells with existing wells, feel they will have much less
& adverse impact on farming operations than if they were sited on the
" L.S.D. corners as some previous proposals have been.

J.R.D. Partridge

S 1 25 884-01-00271



ATTACHNENT 2

Mﬁﬂitﬂba 2,

Date

To

Subject

_December 21, 1990 Memorandum

.John N. Fox Frem . Floyd Phillips
-Chief Petroleum Engineer ) - Chief, Terrestrial

-Petroleum Branch - Quality Management
-555- 330 Graham Avenue :

"Omega Hydrocarbons Reduced Spacing ©945-7003
"Pilot Project '

Teiephone

First | Fold

The Terrestrial Quality Section of Manitoba Environment is not concerned
about the impacts of this reduced spacing pilot project.

Manitoba Environment is concerned about the potential loss of agricultural
land and natural habitat which could result if reduced spacing proves to be
viable and is expanded in the future. We realize that it is really up to
the land owner to decide whether economic benefits adequately compensate for
the loss of productive land and the inconvenience of more obstructions in
the fields. Nevertheless we would want the proponent to make every effort
to avoid positioning wells in agricultural fields or within the high water
zone of potholes or creeks. The company should alsc avoid locations within
natural bush or grassland habitat as much as possible. Wells should be
located at the edge of fields, preferably along property boundaries and
fence lines or at the edge of natural grassland or bush areas.

Thank you for giving us the opportunity of commenting on this proposal.

o T /2o

S. Floyd Phillips




COMPARISON OF ACTUAL VS PREDICTED

TABLE 1

WATERFLOOD PERFORMANCE

5-24 1985 Waskada
Injection Pattern Reservoir Model Study
Primary Recovery 12.0% 9.1%
Secondary Recovery 23.3% 36.5% — 38.2%
Initial 0il Saturation (Soi) 40 - 64% 40 — 64%
Residual 0il Saturation
to Waterflooding (Sorw) 15 - 20% 15 - 20 X
Volumetric Sweep Efficlency*
(Ey) 31 - 47% 48 - 76%
* Np=N.Ep.Ey
Where Np = o011 recovery
N = original oil in place
Ep = displacement efficiency = (Soi - )
Soi
Ey = volumetric sweep efficiency = Epg * Eyg
Where Epg = areal sweep efficiency

vertical sweep efficlency
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Memorandum

January 15, 1991

To From
Mr. John N. Fox Serge Scrafield
Chief Petroleum Engineer Acting Director
Petroleum Branch Provincial Planning
555 - 330 Graham Ave. Rural Development

‘ Telepho5. - 800 Portage
Subject WASKADA UNIT NO. 4
REDUCED SPACING PILOT PROJECT—

Thank you for sending to us a copy of Omega's application and
additional information filed in support cf their application.

Our Department's Field 0Office in Deloraine has reviewed the
material and discussed the project proposal with the Reeve of the
R.M. of Arthur and with your Department's inspector in Waskada.

Cirgt | Faln

The following concerns were raised:
- That there be proper set backs from municipal roads:

- That the results of the Pilot Project be made available
to the municipality;

- That the company make every effort to reach satisfactory
lease arrangements with the landowners involved; and

- That the company undertake effective and prompt remedial
actions should there be any spills.

Should you receive, at anytime, a report on the Pilot Project from
the company, we and the municipality would appreciate a copy.

Thank you very much for your attention.

rge Scrafield -

c.¢. Mr. G. D. Forrest
Mr. D. Johns
Mr. N. Carroll
Mr. T. Brown
Mr. D. Partridge

PS {245 894 01.00930




December 21, 1990

Mr. R. Brekke, P, Eng.
Omega Hydrocarbons Ltd.
1300, 112 - 4th Avenue S.VW.
Calgary, Alberta

T2P OH3

Dear Sir:

RE: Waskada Unit Ro. 4
Application for Reduced Spacing

The Board recelved no objections to or interventions in Omega's reduced
spacing application, 7The Board is awaiting comment on the application from
other interested government departments.

The Board has reviewed Omega's application and the information filed in
support of the application. The Board believes the proposed reduced spacing
pilot project will yield information regarding the areal conformance of the
waterflood and the potential for increasing recovery by infill drilling.

The Board is concerned however, that Omega's proposed pilot project evaluation
program consisting of a dual induction and sonic log, additional pressure
surveys and regular production testing may not provide the geological and
regervoir information necessary to;

(1) enhance the understanding of waterflood performance in the pilot project
area and fine-tune the 1985 Waskada Reservoir Model Study,

{2) evaluate the impact of the induced fracture system on waterflood
performance,

(3) optimize the placement of future infill wells, and

(4) optimize the placement of injection wells and select the appropriate
injection pattern.



In respect of this concern, the Petroleum Branch has developed a list of
reservoir logs, tests, surveys and analyses designed to provide an improved
understanding of these factors. Prior to final disposition of the
application, the Board requests that Omega comment on the feasibility
(technical merit and costs) of each item and indicate any that it would be
prepared to pursue as part of the reduced spacing pilot project.

(1) Open hole or cased hole water saturation determination logs [e.g. Thermal
Decay Time Log (TDT), Electromagnetic Propagation Log {EPT), Gamma
Spectrometry Log (GST)].

(2) Tests or surveys to evaluate interwell communication, reservoir
heterogenity/continuity and reservoir flowpaths (e.g. tracer injection or
well interference tests).

(3) Determination of stress regime for prediction of induced fracture
orientation (e.g. Formation Microscanner, dipmeter or multi-armed caliper
log .

(4) Tests or surveys to evaluate vertical conformance of the waterflood (e.g.
zonal pressure profile and fluid sampling using a Repeat Formation Tester
{RFT) or injection profile logs).

(5) Core and special core analysis to enhance geological and reservolr
understanding of the Waskada Lower Amaranth A Pool, and help fine-tune
the 1985 Waskada Reservoir Model Study.

The Board expecta the reduced spacing pilot project to vield the additional
geological and reservoir information necessary for Omega to more thoroughly
evaluate the infill drilling and waterflood modification alternatives outlined
in the Board's letter of October 25, 1990.

If you have any questions in respect of this matter, please contact L.R.
Dubreuil, Director of Petroleum, at (204) 945-6573 or John N. Fox, Chief
Petroleum Engineer, at (204) 945-6574.

Yours respectfully,

. ORIGINAL SIGNED BY
{H. CLARE MOSTER

H. Clare Moster
Deputy Chairman



November 16, 1990

Serge Scrafield John N. Fox

Senior Planner Chief Petroleum Engineer
Provincial Planning Branch Petroleum Branch

4th floor - 800 Portage Avenue 555-330 Graham Avenue

RE: Waakada Unit Bo. 4
____Reduced Spacing Pilot Project

Omega Hydrocarbons Ltd. has made application to reduce well spacing in a
portion of Waskada Unit No. 4. The area of interest is outlined in
Figure 1. The proposal involves the drilling of four infill wells within
the 130 ha project area.

The pilot project, which requires the approval of The 0il and Natural Gas
Conservation Board, is designed to evaluate the incremental oill
recoverable by drilling between existing producing wells,

If the project proves technically and economically successful, Omega has
{indicated it may apply for reduced spacing in other parts of the Waskada
Field.

Attached is a copy of Omega's application and additional information
filed in support of the application. I ask that you review the
application and provide me with your comments before December 14, 1990.
If you have any questions regarding the application, please contact me at
945-6574.

ORIGINAL SIGNED BY
JOHN N. FOX

John N. Fox
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WASKADA LOWER AMARANTH
REDUCED SPACING PILOT PROJECT

PROPOSED DRILLING SPACING UNITS

Existing

* <] 16ha Well Spacing

R.26 W.1M.

Production Streamlines

TWP.

Proposed
4 ha Well Spacing

. | |

® EXISTING PRODUCTION WELLS
Yo, EXISTING INJECTION WELLS

(@ PROPOSED INFILL WELLS

~~~ FRACTURE PLANE HYDROCARBONS LTD

‘WASKADA, MN.

REDUCED SPACING PROJECT AREA
‘ REDUCED SPACING PILOT PROJECT
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Inter-Departmental Memo Oate  March 12, 1985

To. - The 0il and Natural Gas : From {4, Clare Moster
Conservation Board Director, Petroleum Branch

R. B. Chenier - Chairman
Wm. McDonald -~ Deputy Chairman
J. F. Redgwell - Member
Tealephone

Subject Waskada Unit No. 4 — Conversion of Gas

Injection to Water Injection

Omega Hydrocarbons Ltd., as operator of Waskada Unit No. 4,
has made application to convert the following three wells from gas
injection to water Injection:

Omega Waskada GIW 7-23-1-26 _ ' T
Omega et al Waskada GIW 5-24-1-26
Omega Waskada Prov. GIW 7-24-1-26

First | Fold

Recommendation:

It is recommended that the application be approved (drafc
letter of approval attached).

Discussion:

Figure No. 1 is a map of Waskada Unit No. 1 and surrounding
area showing the location of current gas and water injectors. Aslo
shown are average gas—oil ratios (GOR's) for January 1985. From this
map, it is evident in the northern part of the Unit, surrounding
the three wells that Omega has requested approval to convert to water .
injection wells. (Note that the normal solution GOR is about 50 m /m )"

Production history. for wells showing the most drastic
increases. in GOR do not show any signs of production rate response to
injection. This suggests that the high mobility gas has bypassed
most of the oil and has travelled to producing wells through high
permeability streaks. Continued production in this mode would likely ,
result in only limited additional oil recovery. ‘ "

_ Conversion of the subject wells to water injection is more.

likely to result in production response. While water injection will P
also be controlled by permeability distribution, the water-to-oil . e
mobility ratio is much less than the gas~to-oil mobility ratio, and

therefore the effects of high permeability zomnes will be lessened.

As Omega notes, patterns in the southern part of the Unit
have shown response to gas injection, and GOR's are not excessive.
In view of this, there is no reason to terminate gas injection in
this area. However, performance monitoring will continue. If gas




breakthrough occurs in another area, future conversions to water
injection will be considered.

Subclause 1(4) of Board Order No. PM 41 empowers the Board
to "approve or require the conversion of any well or wells from gas
injection to water injection if the Board is of the opinion that
continued gas injection would be detrimental to pressure maintenance
operations or to ultimate recovery or if the Board is of the opinion
that there is an insufficient supply of gas for injection".

This clause was designed to accommodate the current situation.
Attached is a draft of a letter approving Omega's application.

 Oriydont Signed by N. C. Mester

H. Clare Moster

LRD/HCM/1k
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Waskada Unit No.2 became effective January 1, 1984. Immediately
following unitization, an inverted nine spot pattern waterflood was
initiated at wells 16-22, 5-26, 13-26, 5-27, 7-27, 13A-27 and 15A-
27-1-26 WPM. 1In September 1985 the Unit was expanded and water
injection began at well 5-35-1-26 WPM. In February, 1989 16-22=1-
26 WPM was abandoned and replaced by 13-23-1~26 WPM as the pattern
injector.

Waskada Unit No. 3 was formed May 1, 1984 and water injection was
quickly initiated at wells 5-39, 13-30, 15-30, 5-31 and 7-31-1-25
WPM. In September 1984 the Unit was expanded to include LSD 12-30-
1-25 WPM. A second expansion took place during 1985 and involved
the addition of five new injection wells located at 13-31, 15-31,
13-32-1-25 and 13-36, 15-36-1-26 WPM. Two separate Unit expansions
occurred in 1986 and three new injection wells located at 5-36, 7-
36-1-26 and 7-5-2-26 WPM were added.

Waskada Unit No. 4 became effective June 1984. Following
unitization an inverted nine spot pattern gas flood was initiated
at wells 5-13, 13-13, 15-13, 15-14, 7-23, 5-24 and 7-24-1-26 WPM.
Lean gas injection into these wells was continuous up to February
1985. Due to premature gas breakthrough at the production wells
surrounding injectors 7-23, 5-24 and 7-24-1-26 WPM gas injection
was terminated at these three wells and water injection was started
April 1985. Lean gas injection continued at injectors 5-13, 13-13,
15-13 and 15-14-1-26 WPM until September 1985. In December 1985
the remaining gas injectors and two additional wells 16-11 and 7-
13-1-26 WPM were converted to water injection.

Waskada Unit No. 5 was formed January 1, 1985 and water injection
began at wells 13-35, 15-35-1-26 and 5-~2, 7-2-2-26 WPM immediately
following unitization. 1In March 1986 the Unit was expanded and
water injection began at wells 5-34, 13-34, 15-34-1-26 WPM and 15-
2, 7-3-2-26 WPM.
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The cumulative ©il, water and gas production to December 31, 1989
for Waskada Unit No. 4 were 146.0 x 10°m®, 227.8 x 10°m® aﬁd'22.2
% 10° m® respectively. During 1989 the monthly oil production,
water production and gas/oil ratios varied from 489 to 880
m’/month, 1531 to 2355 m’/month and from 134 to 206 m’/m’,
respectively. The historical production data for Waskada Unit No.
4 is illustrated in Figure 5. Figure 15 contains an updated plot
of actual versus forecasted oil production for the Unit. A summary
of workovers performed during 1989 within this Unit is contained in
Table 6. Voidage replacement data for the individual injection
patterns are contained in Tables 43 through 51.

Pressure tests conducted on wells 5-13-1-25% WPM, 7-13-1-26 WPM, 13-
13-1-26 WPM, 15-13-1-26 WPM, 15-14-1-26 WPM, 7-23-1-26 WPM and 7~
24-1-26 WPM indicate that pressures in this Unit are at or above
the initial reservoir pressure. The gas/oil ratio for this Unit
continues to exceed the solution gas/oil ratio due to trapped gas
saturations from prior injection.

Individual injection pattern data, including gas/oil ratios versus
time, water cut ratios versus time and surface injection pressures
versus time are presented in Figure 31 through 33.




Well

15-23-1-26
13A-24~1-26
15-24-1-26
5-25-1-26
7-25-1-26
13-25-1-26
15-25-1-26
7-26-1~-26

16-22-1-26
13-23-1-26
5-26-1-26
13-26-1-26
§-27-1-26
7-27-1-26
13A-27-1-26
15A-27~1-26
§-«35-1-26

5-30-1-25
7A~30-1-25
13=30~1-25
15-30~1-25
5+31~1~25
7=31-1-25
13-31-1-25
15-31-1~25
13-32-1-25
§-36-1-26
7-36-1-26
13-36-1-26
15-36-1-26
7=5=2=25

16-11-1-26
5«13-1-26
7=13=1-26
13-13-1-26
15-13-1-26
15-14-1-26
7-23-1-26
5-24-1-26
7-24-1-26
5-13-1-26
13-13-1~26
15-13-1-26
15-14-1-26
7-23-1-26
5~24-1-26
7-24~1-26

iInjection Well Supmsary

Injection
Unit  ZTvpe
Unit 1 Water 83 10 18
Unit 1 Water 83 02 25
Unit 1 Water 83 02 25
Unit 1 Water 83 02 25
Unit 1 Water 83 02 25
Unit 1 Water 83 12 24§
Unit 1 Water 83 12 01
Unit 1 Water 84 01 17
Unit 2 Water 83 12 21
Unit 2 Water 88 02 29
Unit 2 Water 84 01 28
Unit 2 Water 84 02 08
Unit 2 Water 84 02 10
Unit 2 Water 84 02 10
Unit 2 Water 84 02 10
Unit 2 Water 84 01 26
Unit 2 Water 85 10 08
Unit 3 Water 84 08 08
Unit 3 Water 87 12 08
Unit 3 Water 84 06 08
Unit 3 Water 84 06 08
Unit 3 Water 84 06 10
Unit 3 Water 84 06 10
Unit 3 Water 85 10 11
Unit 3 Water 86 01 24
Unit 3 Water 85 10 11
Unit 3 Water 86 12 02
Unit 3 Water 86 111 25
Unit 3 Water 85 10 05
Unit 3 Water 85 10 17
Unit 3 Water 86 07 28
Unit 4 Water 85 12 31
Unit 4 Water 85 12 01
Unit 4 Water 85 12 18
Unit 4 Water 85 12 01
Unit 4 Water 85 12 01
Unit 4 Water 85 12 01
Unit 4 Water 85 04 01
Unit 4 Water 85 04 01
Unit 4 Water 85 04 01
Unit 4 *Gas 84 06 18
Unit 4 *Gas 84 06 13
Unit 4 *Gas 84 06 1%
Unit 4 *Gasg 84 06 1%
Unit 4 *Gag 84 08 Q1
Unit 4 *Gas 84 06 18
Unit 4 *Gas 84 06 13

Waskada Lower Amaranth

N
Ctimulatjive
Injection

(Rm)

76777.9
86676.2
84585.0
108815.2
90912.6
45892.2
26435.8
64616.8

€61790.0
6848.7
75028.7
57700.0
70884.2
85931.2
65795
75780
20586.1

68048.1
13593.0
37575.3
57935.4
43581.2
55342.5
26979.1
15200.2
32159.0
12518.7
18951.6
23401.6
247%2.2
16327.8

15592.8
24484.7
42372.6
32531.3
28152.3
17439.3
62943.3
65855.7
53732.6
830000.0
2601000.0
1531000.0
525000.0
365000.0
852000.0
714000.0

Table 2

Cumulative

.VRR

82712731

0.899
1.086
1.364
0.997
1.203
0.804
1.19%
1.060

1.030
1.067
0.881
0.950
0.863
0,951
1.017
1.030
0.418

0.996
0.373
1.273
1.057
1.181
0.864
1.303

. 772
0.757
0.975
1.131
1.630
1.632
0.754

0.817
0.679
0.625
0.631
0.615
0.399
0.889
0.482
0.552
N/A

N/A
N/A
N/A
N/A
N/A
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MODEL AREAL GRID AND WELL LOCATION
Waskada Lower Amaranth Pool
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PAGE NO. 1
FIELD 3
POL B
BLOCK 1
ACETE 4

! !
NONTH | HOURS!
1982-08! 264!
1962-09] 648!
1982-10! __ 392!
1982-11! 715!
1982-12! 4B
1983-011 732!
1983-020 6328
1983-03; 632!
1983-04! 7201
1983-05!  Ta!
1983061 7201
1983-07; T4
1983-08! 736!
1983-09! 696!
1983100 732
1983-111 7200
1983-12! 69!
1984-011 408!
1984-02! 384!
1984-030 426!
1984-04; 408!
1984-05) 404}
1984-061 593!
1984-07! 738!
1984-081 5641
1984-091 716!
1984-10; 726!
1984110 716!
1984-128  TAM!
1985-011 740!
1985-028 672!
1985-03! 740!
1985-041 719!
1985-05! 740}
1985-061 720!
1985-07! 728!
1985-08! 736!
1985-08! TN
1985-10; 784!
1985111 720!
1985121 73N
1986011 TA4
1986-021  B1BI

11t STORE LB
WASKADAL
WELL (0101-23-001-26 WIM{D}

PROVINCE MAN.
WORKING INTEREST  0,000001
ON PRBN 1982-08-05
ON IKIN NOT ON YET

OIL | WATER : DIL © WOR
RS 171 LI 1. 1
130.7¢  106.86¢ 1LTI

233.10 19430 g.61 0.
itl. 4t 758 6.8! 0.

‘-

-

174,71 120.6!
210,88 1374
203.61  221.4
(e 41 153U
292,81 178.6!
D360 0410
8.2y .24
290.70 244,10
204,10 378.80
235 25T
207.80 719,81

-

[y
- a2 =
a =

-
. M R ke R v B e MR ek A e B we BAh e A e mde e e e

0.67

0.66

0.46

5.9 0.69

T.80 0.65

6,71 109

1.0t 0.83

L1l 0.61

Lii 0.6%

2,21 0.09

.70 .54

.5 L39

.30 6.97

i 7.2 0.38

195.71  175.81 6.4 .91
2.6 1M 1.87 1.18
237,30 o2 8.2 .27
iBs.1; 88,41 1091 0.48
167.6t 100.70  10.51 0.40
i88.6) 139.11  10.&0 0.74)
1930 M40 1030 074
223.9; 1.80 1331 0088
%30 LYY .30 0.4
181.5; 11490 5.90 0.0
4.8 1L .0 024
i26.8:  18.%% .37 0.15
145,41  19.20 1.8 0.13¢
M4 2.4 330 0.2
102,00  32.11 L3 0.5
104,40 50.T! 340 049
.7t S 3.3 0.53¢
9.1 514! 3.1 0.59)
67.81  JL.M .30 .49
09,60 3.3 2,30 0.43
&9.30 1620 .31 0.23!
7.7 LW 2,47 0.49
.10 BLel 2.3 Lo
AT BA6l .3 L%
89.71 &4 &: .90 0.724
B3.61 &L 2 .81 0,78
88.11  77.6: 2,97 0.88
B4.4! 107,51 2.1 LN
130.70  BO.B it .62

#anPB
90-12-07
14:11:00

LANDSL 2
LANDE2 O
LANDES 2795

t

CUM.OILY CUM. AT
[ SO
150.7¢  §00.6
3.0 254.%
§95.21 128.7
669.91 449.3
880,77 586.7
1084.30  808.1
1268.7! 941.2
1561.5) 1139.8
1895.17 13439
1213.3 117h.1
2564.01 1620.2
2858.11 1998.8
Jogi.b6! 2214.5
3289.41 2294.1
TAB3. 11 2449.9
ML 2742.3
3955.0%  3043.5
.11 3131.%
3087 31232.4
497,30 3IN.7
1688.56¢ 35141
4912.5! 3821.%
5191.81 3439.8
M AT L)
420,11 3765.8
5546.9! 3784,7
5692.3¢ 3803.9
.7 3830.3
5893.7¢ 3082.4
5998.11 3933.1
5025.8! 3985.2
5192.91 4042.8
5260.7! 4076.2
6330.31 4107.5
63199.8! 4121.7
6472.5¢ 4159.2
65426 4240,
6617.3¢ 43125.2
£707.01  4389.4
£730.6! 4452.8
6878.7¢ 4530.4
6963.11 4837.9
76935.8! 471B.7




ﬁ‘“\
PAL D,

FIELD

BLOCK
ACLTE

MONTH

1986-03!
1986-04
1986-05!
198406
198607
1984-08!
198409
198410
1984111
1986-121
1987-01
1987-02!
198703
198704
1987-05!
198706
1987-07
1987-08!
1987-09!
198710
1987-11!
1987-12}
1988-01
1988-02!
1988-03
1988041
1988-05!
{98806
198807
1988-08!
198809
1988-10+
1988-11¢
1988-12!
198901
198902}
1989-03
1989-04!
1989-05!
198906/
1989-07
1989-08!
198909

2

3

29

{
§

HOLRS

ILLY
e
T26:
718
7431
744,
713
7451
7201
744}
T
672!
ILLY
719!
144
7201
720:
T4
1201
144,
7201
b H
744:
3521
Ta4!
1201
TA4]
93z
£48!
I
7208
624,
S04
Ta
496
304!
6481
7261
2161
3361
432!
4081
7201

112 STORE 1313
WASKADAL
WELL (0103-23-001-25 W1N(0}

PROVINCE MAN.
WORKING INTEREBT  0.000001
ON PRON 1982-08-04
CN INJN NOT ON YET

1 [} 1 £

OIL © WATER { QIL ! WOR !
a3/KL a3/ a3Mdd '
140.87 48,3 450 0.34
9310 80,10 3.1 0,85
130.4 2541 43 0.23
12710 8,30 £.2¢ 0.351
89.70 4.3 2,97 6.38)
9.9 8.7 3.3 0,260
06,50 1.9 7.0 .34
£25.01  20.14 Lo 0.18
m.n 1Ly L3 I
{16,060 1670 3.7 0.14
100.9: 1620 530 0.180
89.21 22,08 .21 0.25
82.8¢ 120.9} 270 L4
90.30  99.40 3.00 LD
194.80  109.8! 6,31 0,36
62,8 4%.91 .41 0.70
£2.00 M58 1.4 5.85
60,7 191,61 .00 L1y
3.7 6.8! .20 0.10
bh. b1 b.Gi 2.1 0,09
40,67 76,41 1.4 1.88
25,97 85T L& 2,58
157 154 L
42,90 80.8! 1.9 1.88:
LT 52,00 187 0.95!
27.4 8.1 0.4 0.33
8.1t 15.B: 0.6 0.87i
2.3 B.#! 1.0: 0.38}
1.7 10,2 6.5! 0.78)
8.3 §. 4 0.3 0,53
S I A T 0.21 2.3538
3.8 22,01 0.1 5.791
3.1 8.5 0.2} 1.6M
70.80  25.00 .31 6.25
45.8 1.8 Lar 0.1
L4 146 .31 0.20
14430 44,01 530 0.308
B2.11 53,41 .74 0.45)
19.10 Lo 2.1 0.1b!
12.4! L9 0.9 0,40
0.0! LT 0.0 99.99!
7.n 9.8! .5 0,23
48.9¢ 28,3 1.6} 0,50

HanPE
20-12-07
f4:11:00

LAKDEL 2
LANDEZ 0
LAND3 2793

CUM.DIL: CUM.waT
[ X% I 1.
12346 4747,0
7321.1 4821.1
7A58.1 4836.5
7585.21 4%00.8
767491 4935.1
784,81 4943.8
79913 5235.7
BI14.3) §285.8
B244.0! $27%.7
8360.0! 5290.4
B450.91 3306.6
BE50.11 5328.6
B632.9¢ 5449.5 _
8723.21 §54%.1
8918.0 3538.9
8980.9! 5702.8
7022.9) 5948.4
9083.8; 4140.2
2149,5; 4147.0
9216.5! 6153.0
9236.7F 6229.4
9282.4! 46293.1
9398.30 6308.5
441.2; £389.3
9495.9 64413
9523.30  6450.4
Q941,47 BAGH.2
956370 6478, 6
9577.41 b4B4.B
7385.7: 6489.2
9590.8 &501.2
73946 6523.2
599,70 6331.7
9670.51 4556.7
9716.31  6364.5
9769.7¢  8579.1
9914,0% 4£623.1
999611 b&76.7
10015.21 &879.7
i bbBY. b
1 bbBY9.5
P8699.3
Y AT S




PHCU.S 113 ETORE tis flanPB

#ASKADAL 20-12-07
WELL (0)01-23-001-25 WIN{O 14:11:00
FIELD 3 PROVINCE MAN. LaDE! 2
POOL 29 WORKING INTEREST  0.000002 LANDEZ O
BLOCK ON PRON 1982-08-06 LANDE3 2795
AECTE 4 ON ININ NOT ON YET
MONTH | HOURS: OIL ¢ WATER | OIL ! WNOR ! CUM.DIL: CUM.WAT
' PoooadN a3 a3 R I X
1989-100 4081  15.4! 2,81 0.91 0.17) 10134.81 6726.2
1989-117 120! 4.4 0.9 0.91 0,200 101T9.4] 4727.1
SHUT N
1990-01; 5280 65,31 11N .00 0,171 10205, 70 4738.4
1990-02¢ 5521 &l  22.%4 2,71 0.370 10267.11 &761.3
1990-03)  &48: TL.BI 25,50 .70 0,36 10338.%F &787.0
19%0-0¢; 5521  10.24 3.2 0.41 0.31} 10349.11 4790.2
19920-05) 2160 133 4.5 L& 0,340 10362.40 47947
19%0-06; 5280  #2.B!  1B.1i 2.9 0.29) 10425.2] 4B12.8
1990-070 696}  40.10 1014 140 0,250 10463.3% 6B22.9
1990-08! 6481  20.H 5.8 0.8! 0.29] 104B3.6! 4B28.7
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P 0. 1 tts STORE 331 NanPB

§ASKADAL 90-12-07

WELL (2108-23-001-26 WIN{0} 14:11:00

FIELR 3 PROVINCE MAN. LANDL 2

rOOL 29 WORKING INTEREST  0.00000% Lapez 0

Btk | ON PRDN 1983-06-25 LANDSES 3017
ACETE 4 DN INJN NOT ON YET

CUM.0IL: CUM.WAT
ad ! 2l

OIL © WATER © DIL
a3/ al/N adfdl

WONTH | HOURS

1983-06: 3807 240.80  B6.20  15.27 0.360  240.80  B6.2
1983-670 6291 429.3¢ - 112.97  16.41 0.260  670.11  19%.1
1983-0B1  60BI  3A3.30 - 157.50 1431 0.430 103340 38b.6
1983-0%) 6901 202.8!  440.2 7.4% 2,210 1236,.20  Bib.8
1983101 7321 178.51 89351 3.9 3.890 141470 1510.3
1983-111 5280 21480 1951 .80 091 1829.51 {704.%
{983-12;  TMI 206,31 S6L.ZY 6.7t 2.831 1835.B! 2293.1
1984017 33 7.8 18.8¢ S.60 4350 1913.80 2631.%
1984-021 6961 322,31 36%.E 1L LY 22391 3015.4
1984030 4320 216,37 19100 100 0.88) 2432.20 3208.5
1984-041  720f IN9.01  J4L.B0 L2290 2811.21 3570.3
1984-05!  TAOP  12%.0¢  33.TH L0 2,780 278,27 3907.0
1984-06:  TI3 184,51 52148 491 J.621 2878.71 4430.4
1984-071 7308 207.70 488.1i 6.8 2.33) 3086.41 4918.5
1964-08)  76B! 122,27 507.20 L8l L13 I208.60 4287
1984091 7161 I6.0F 201,50 121 5,780 3143.60 5627.2
f984-101 7450 1271 LTI &) 2,471 13863 5871.%
1984110 M6l .30 20%.3 L9 3,720 34260 4081.2
964-127  7M 125,80 205,78 L1 L7 J038.40 £296.%
1985-01) 40 BA3T 275,61 LN 327 WRLTE 65T
1985-02¢ 6721  BA.3! 1B2.60 318 2120 3709.01 4755.1
1985-03) 7407 10B.1) 178.30 3.3 L.65F 3BI7.11 69134 |
1985-04:  7i90 4600 137.00 1.5 2.980 3Be3.1! 7070.4 sad s |+ Sloxiee
1985-051 7401 32,50 10%.60 LIt 337 3895.6¢ 7180.0
1985-061 7200 1910 17L® 0.6 9.000 39147 TI8L.§
1985-071 7281 6441 199.80 2.1 L6 MM TSSLT
§985-08: 7441 45,71 48.2: 1.3 12,000 4024.80 B8099.9
1985-0%1 713 5i.87  60%. 40 L7 11650 8075.61 8703.3
1983-101 7440  47.01 3&6. 41 .21 B.ASE 4143.67 9249.7
1985-110 7200 fM.60 28040 4,20 3,050 4268.27 9630,1
[983-120 7370 26.61 5BB.6I 0.91 22.13% 4294.8! 1023B.7 —— wrle  BREMKIMEsULM
1984-011 7440 2431 627,20 0.8 20800 4319.11 10845.9
1986-021 5941 1571 ML 0.61 21,807 4334.8! 11208.2
1984-031 7400 20T 376.B0 0.7} 16,600 4397.50 11565.0
1986-040 7191 1b.60 284,41 0.61 17.14] 4374.11 11B69.6
1986-05!1 726! 603 23201 0.20 38.671 4380.11 12101.6
1985-060  T1BI 3.3 WL 0.17 104,91 4383.40 12448.8
{984-07! 743! 5.8 30711 0.2} 52,951 4189.41 12775.%9
198608} 7441 11,87 W0L%) 0.4 42,531 #401.21 13277.8
1985-091 7200  71.61  307.50 L4 4291 M72.80 139853
1985-101 7450  45.51  160.4! 151 2,920 4318.3) 13945.7
1986-111 7200 43.B1  297.8 1.3 6.BO7 #362.1% 14243.5
1986-127 7390 #B.9¢ 3.2 161 4941 4611.01 143827




PA{’-ﬁD. 2 11t STORE 11 ManPB

WASKADAL 90-12-07

NELL (2)0B-23-D01-2& WIN{O) 14:11:00

FIELD 3 PROVINCE MAN. LANDEL 2

POOL 29 WORKING INTEREST  0.00000% LANDEZ O

BLOCK  f ON PRON 1983-06-23 LANDE3 3017
ACETE & ON INJK NOT O YET

t
L}
i
1

MONTH | HEURS! OIL | WATER WOR ! CONM.DIL! CUM.WAT
; i (WK s/ f Y - S B .
1987011 T24f  TS.6% 265.40 LS50 3.510 4EBE.AT 14848.7
1987-021 6721 6300  260.0¢ 31 130 4749,61 15108.3
1987-03F 7381 .20 23098 B! 4,430 4803.B) 15348.2
1987-081  719F  49.0f  226.5i b1 4621 4B852.81 15574.7
1987-05¢ 744! 99,31 51T} .21 1S3 49210 157264
1987-08! 7200 5651 219.21 4,06 5008.5) 15995.4
1987-07¢ T4 389 244,31 B.79) 5047.30 1621%.9
1987-081 T4} 3330 8LTY 7.561 3080.B) 16471.5
1987-09¢ 720/  30.t1 246.9! B.20! 5110.9! 16718.3
1987-10¢ 744} 4.3 297,51 A0 12,240 51IME.2Y 17016.0
987-117 T 18,70 411} A 13,250 5153.9! 17243.7
[987-121 M4 24,70 3259 A1 13,197 5178.6% 17589.6
1988-011 TA4 R A97.%) .01 10,031 5208.3¢ 17887.5

1998-02  696¢ 2.0 23.W
1988031 7ML 1540 2ib.6
1988-04;  T20¢ 4877 184,00
1988-05: 748 o141 1A0.10
1988-061 7200 3140 180.9¢
1988-07F  T4MI 17T MBS
1986-08:  T44 1490 140.40
1988-091 5281 10.70  98.7i
1988~10: 7200 L1 152
1988-410 6960 1691
1988-12¢ T4 LT 138.B0

1

8

10.791 9230.3! 18124.8
13.88! 52435.91 18341.4
L5918 392,61 1BM05.4
2,610 5354.01 18465.5
4,32; U391.4) 168344
11,400 5404, 17 1B979.2
9.42) UA19.0] 1911%.6
§.221 N7 192183
Jg.831 3433.8! 19377.5
10.751 J450.7! 1953%.1
4,381 54BZ.4! 19697.9
3.27 3h18.1: 19814.8
2.%01 3547.9: 19901.1
2,100 S9EL.61 19976.1
2.49] 5608.51 20038.2
4,32} 5628.0¢ 20122.4

-

1989-013  TAEF 3.
1989-02: 720 29,
989-031 T LT TN
1989-041 7200 2491 2.1
1989-051 T 19,50 8420

-
Cd Gl d P e S B TR A O OO RS e B O e T CA G R O D A DD O DO 800 e DR DD G LA

=
—
a e w . = M - M . - M

tw mm gmm e am mem m e aew wm e me mmm M e Mt M MM W me W mer e me W e mem = W e ey s Sl e e e @E eEm me N

1989-06: 7200 10.61  8A.TI 40 B.18) 563B.61 20209.1
1989-07: TA4 1A B4 1 5,900 3652.9 2029%.3
1989-081 T4 12,27 TLDI 6,08 DShAS.I 20347.7
1989-691 7201 .t &4.5) 1.96; S671.2% 20432.2
1989-107 7441 12,97 M. 40 5.51) GbB6.11 20503.3
1989-11 432U 6.4 471 F.361 34692.5) 20550.4
1989-12: 7445 .41 51 J.860 310191 20805.5
190010 TAL 9.2 &0.0! 6.52] 5T1L.11 20845.3
1990-027 4320 3.6 17.80 3,180 3716.7) 20883.3
SHUT N

1990-6a: 3841 20.7¢

2 0.07) 5745.41 20685.3
90-071 1K L9 2.
10
|

LH

30 L20F 5753.30 20710.6
1990-0681 744 0.7 i
1990-091 120! 0.21 0!

15.141 5754.0% 20721.2
6,000 5734.21 207224
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b 1 18t STORE tt¢ HanPB

WASKADA{ 90-12-07

NELL (0)09-23-001-246 WIN{O} 14111:00

FIELD 3 PROVINCE MAN, LANDSL 2

pooL 29 WORKING INTEREST  0.00000% LAKDE2 0

oLk i ON PRDN 1982-08-12 LANDE 2792
ale 1 ON INJN NOT ON YET

NONTH | HOURS! GIL { WMATER ! OIL HOR | CUN.OIL: CUM.WAT

KT YY) I Y adl u
1982-08! 400! 145.8!  A3.0!
1982-0%! 7200 273,30 {17.%
1962-100 3961 1142 a8 4
1982-117 7158 187,28 Th. 3!
1982-120 7200 187.0) 45,31
1983-011 744 (2.4 104.8)
1983-02¢ 5041 173,70 211.%
1983-037 6320 28.17  440.11
1983041 7200 40131 350.13
1983-031 744D #O7.61  439.9)

0.431  {M.B &L
0.43F 420.1} 180.3
0.421 33431 228.7
0.46! 701.31 305.0
0.39:  B68.30 370.3
0.821 9991 475
£.220 1170.61  687.0
[.781 1428.7) 1147.1
0.870 1830.07 1497.2
f.081 2237.81 1937.1

[V O Y

W e e e S e B ek W dmde W e W L S e U ey W Gm A e

d

5.9

i

5.9

dob

5.6

4.1

8.3

9.8

3.4

31
1983-065 7200 46990 275.5 5.1 0.9% 207,50 2212.8
1983-070 7721 N3 ALY 2.3 1.5%0 3102.81 2842.%
1983-08) &390 179.90  602.94 b.41 335 3282.7 IM5.0
1983-0%1 6151 6491 660.0) .60 9.871 I349.41 M05.0
1983-162 7381 172,31 438.5! S.61 2,660 3521.90 4563.5
1983-111 7200 177.21 MLLTH 5.9 2.811 3699.10 502%8.2
1983121 TM4l  17h.41  72%.B) 9.7 4100 3875.7¢ G5748.0
1984011 7441 193.1) 728.2! 6.21 3771 406B.B! 6477.2
1984020 6961 218.01 51%.4) 7.5 2.470 4286.8F 7014.6
1984-031  TH4  240.30  600.B! 7.8 2.500 4577.31 7e17.4
1984-04; 7200 297.70 494, B! 9.91 1.b6! 4825.00 B112.2
1984-051 7407 31170 4B3.61  10.11 1,550 51387 659%.8
1984-06: 7131 302.80 425.81 10,2 .41 S5439.50 9021.6
1984-07: TR M40 LTS 131 371 SebB.9! 9545.3
1984-08) 768! 342,11 43Z.60  10.71 1.28] 4011,0f 9997.%
1984-09; 7160 3880} 2621 12,3 0.590 6379.00 10214.1
1984-10) 7431 2%A.11  498.B! 8.3) 1.950 8835.1) 10712.9
1984-111 716 200.11 34,00 6.70 1.370 &B35.21 11026.9
1984-127 7845 190.10  483.%! 6,11 2.550 7023.30 11510.8
1985-01 7461 [9L.9] S{3.4 6,27 2.480 7217.21 12024.2
1985-027 6720 17408 475,94 6,20 1.741 T391.2) 12500.1
1985-031 704 193.3F G761 6,61 2.961 7384.50 13071.7
1985-641  TI%:  200.8) 59i.6! 6.7 2.95) 7785.3! 136635 — wir 183 © 5-1
1985-050  TIT1 192,11 6%%.B8 6.30 3611 T97T.40 14356.1
1985-060 7200 192,40 T770.13 b.41 4,007 Bl&9.BY 15125.2
1985-07F 6631 196,41 631.%: 7.0 3,320 836621 19777.5
1985-08! 7441 321.91 453.20  10.41 1,411 B&88.1) 16230.7
1983-091  &b81 174,70 840,30 b.31 2.630 BOA2.B! 14891.0
1983-10% 744l 216,47 358.2! 7,00 1.hb! 9079.21 17049.2
I9e5-111 7200 165,71 9L 30 3% 924490 175M4.5
1985-121 7370 (7.7 ML 4 J.61 L.990 9417.41 17787.9
1986-050 T4 6451 63241 00 9.B00 942,10 1B420.3 — YO BReMUTHRouLH
1986-027 6720 117.81 35L.0¢ 4.20 2,980 9399.9: 18711.3




PARL

FIELD
FoOL

BOCK
ACCTE

NONTH

1986-034
1986-04!
1984-051
1984-051
1986-07!
{986-08:
1984-0%1
1985-10!
198s-111
1986-121
1987-041
1987-02!
1987-031
1987-041
19870351
1987-06!
1987-071
1987-081
1987-0%1
SHUT IN
1989-071
1989-0B!
1989-091
1989-101

3

29

i

ILLH
7191
726!
TiBI
T3
ILLY
T2
7451
T20!
7421
124}
672
140!

719

1351
6721
111
ILLY
624!

2681
744}
7208
3361

11t STORE
WASKADAL

1t

MELL (0)09-23-001-256 WIN(O}

PROVINCE MAN.

WORKING INTEREST  0.000001

CN PRON 1982-08-12
ON ININ NOT DN YET

i
t
1

CIL | MATER ! DIL |
i/ o3/ML a3/l
38.3 53401 1.2

3.3 516,81 0.1
i 512,84 0.4}

2.3 5143 0.3}
70,27 542.9! 2.3
9.7 789.8! Lo
a[.9 LT 0.8
24,50 549.01 0.8}
B2.4:  497. 4! wn

195.4 M9 6,31

f07.77  #&L.TH 3.8
9.8} 513.1! L2
.91 §80.7) 3.01
F5.4F  B3L5I L2
83.4) 701,01 2.8!
J9.81 91341 L4

2.9 1344.00 0.1
3.4 1402, 4 1.2
2.0 02,4 L3

e.0f 454! 0.0

0.00 759 0.0

0.6 2.7 0.01

0.0 122.8) 0.0}

13.94
156, 5!
44281
54141
L1
26, 3%
25,851
26,491
b.04;
.29
.31
a1
5. 25!
.64
8.2t}
22.94
2.4
37,504
18,311

99,994
99.99!
99.991
99. 99

XanPB

90-12-07
{4:11:00

LANDET 2
LANDEZ O
LANDEI 2792

CiM.0IL}
A
9438.2!
41,5}
9633. 11
62,41
973281
9762.54
786 4!
9810.9¢
9893.3:
10088.71
10196, 8!
10286.2!
1037%. 11
10474, 71
16560.11
10599.9!
10602.8!
10640.21
{UTAM ¥

10673.1}
10673, 1!
{0673.11
10473. 11

UM, NAT
[
19305.3
198221
20334,9
20849.2
21392.1
221081.9
227199.6
23448.6
23946, 0
U919
28857. 4
25370.7
257514
26585.9
7286, 9
28200.3
29541.3
30943.7
J1546. ¢

317915
32163, 4
32425.1
32547.9
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ol . 1 1113 STORE 11t HanPB

WASKADAT 90-12-07
WELL (0)03-24-001-25 WIN(0) 14:11:00
FIELD 3 PROVINCE MAN. LANDEL 2
PoOL 29 WORKINE INTEREST  0.00000% Lanpez o
BLOCK 1 ON PRDN [983-07-13 LAND#S 3028
ACCTE 4 ON INJK NOT ON YET
i H i ' ' ' H
MONTH | HOURS: OIL | WATER ¢ QIL | WOR | CUM.OIL) CUM.WAT
H } s3/M! al/Ht al/di | al ! ad
1983-07:  40BL  216.21  54.B) 12.70 0,200 216,27 A8
1983-08: AT 258.0F 181,91 8.3 0710 7421 2367
1983-091  7iBi- 289.51 219.1% .70 0.78)  763.71 435.8
1983-10¢ 7420 275.80  487.10 8.9) L.770 1039.3F 942.9
1983-11: N2 340 257.68 11,80 078 1390.9F 1200.3
198312} 4581 225.41  300.B! 11.8) 1330 1618.5) 1501.3
1984-011 3795 197.0f 244,70 12,57 £.250 1B1L.50 (748.0
1984-02! 360 16b. 41 1BZ.TN 11,9 L1601 1979.9) 1930.7
1984-031 3360 U951 BA M 13,70 0,380 2{99.41 201M.8
1984-04 me 2259 0.9 4,00 0,141 2423.31 2045.7
1984-0%: a4 24,60 L5 12,15 0,181 2647.%1 2017.2
1984-06! 70 /.4 2.1 11,97 0,09 2880,31 2090.3
1984-07§ 641} 295.30 26.7¢ 11,10 0.09! I175.8! 2125.0
1984-08: 7B  I09.00 76,51 9,71 0,251 J4B4.BY 2201.3
1984-091 T4 302,99 .7 10.2¢ 0.24) 3718171 22M.2
1984144 7437 3.3 0.7 1,70 0,08 4151.0%7 2304.%
1984-111 6961 238.6]  90.7¢ 8.21 0.3B1 43089.51 2395.5
1984-121 744  268.27 14b.4) B.&0 0.55) 4&3.8) 2M2.2
1985-01 6541 204,20  200.1% 7.51 0.98] 4860.01 2742.7
1985-02; 672,  206.3) 204.1% 7.4 0.99) S066.31 2946.4
1985-03:  TA0!  265.4F  271.60 B.4F 1.020 533.9¢ 1218.0
1985-04! e LI LA 106! 0.67! 564941 3429.5 - wt® w3 O S-2
1985-05: T401  J48.8! 168,78 11.37 0,481 5998.2) 3998.2
1985-06¢ 7200 199.9%1  184.B¢ 6. 7¢ 0.921 6196.1) 3I78%.0
1985-07! 606  A1.0F  110.9) .40 1.827 823%.1F 389%.9
1985-08! 718! 79.90  200.7) 2,70 .51 6339.00 8094.6
1985-09; 7120 1249 235.4¢ 4,21 1.88] A463.91 A330.0
1985-10: 744! .10 196.7% 2.51 2,550 &541.0) 4526.7
1985-11! 7200 62,97  10%.08 .40 1650 660350 4629.7
1985-12! 6671 439 49.6) 1.6 1130 s&47.47 &479.3
1986-011  TAAD 4130 4481 {.37 .57 64BB.71 4744.1
1984021 672 470 22.7) 1.9 0.93 &731.4%1 4744.8
198403 ! 709 43,97 21.58 1.5 0.491 #775.31 4788.3
-19B6-041 e 3.3 520,00 1.2) 14,331 6BII.40 3S30B.7 — TR, BEAUTHRouw(H
1984-0351 7280 4241 SEL.TM f.47 13,720 6R54.00 5890.0
1986-061 718} 0.0! 839.%¢ 0.01 99,991 &B34.00 &729.9
198&-071 5001 LY -1 AV 1.9 19.53) &B91.5¢ 7462.3
1986-08;, 551} 99.5F  T7BA.&! L3 7.910 5991.00 B248.9
198609 720 158.4) B07.8! 5,30 5,100 Tie9.4; 9054.7
1984-10! 718:  1BZ.31 745,00 .10 4201 TIRL.TI 98217
19B4-11 7200 121.27  435.21 4,00 3.591 TA52.9i 10255.9
1986-12! 736 Sh.bi 12,50 1.B1 7.291 7309.5 104469.4
1987-01! 744 106,87 292.6! 3.4 2,751 T7H18.90 10%62.0




?ﬂS(ﬂﬂ\z 2 1t STORE 111
WASKADAT
WELL (0)03-24-001-26 NIM(()

FIgtp 3 PROVINCE MAN.
pagL 29 WORKING INTEREST  0.000001
BLock 1 ON PREN 1983-07-15
ACCTE 4 ON INJN NOT ON YET

H i : i i i
MONTH | HOURS! OIL | WATER ! OIL | MNOR!

i R X 71 I 1 LI 1 i
1987-02!  &72!  80.8! 346.9! 2.9 29
1987-03: 736 57.31 M08 LS 8,24
1987-04i TI¥I  49.80 5%.20 1.7¢ 11.850
1987051 6961 4300 692.2: 1.3 14100
1987-06¢ 624}  3B.&F  821.50 f30 Hh10!
1987-071 7441 38270 M. 1281 1.08!
1987-08) T4 405,20 28170 1L} Q70!
1987-091 7201 3B.91 178.11 1280 0.471
1987-161 7441 321,77 23610 10.4% 0,731
1987-1% 7200 379D IeS.YL {241 0.7
1987-121 7441 [99.4F 3614 647 L.BE
1988-017  TM4l  90.10 54L.9¢ .97 b.011
1998-021 &%) THZI  M9.BI A HIEN Y
[988-03; 7M 23,70 A48 0.8} 22.97
1988-041 720§ 138.9¢ 2. hL3t 2.2
1996051  64B1 14480 3BS.2Y 9.41 2.561
1988-04! 5781  38.7% &I TI 1.6} 22,958
1988-07: 6241  49.41  B49.8i L9 1345
1988-0B1 6241 1551 I90.20 g.61 25,171
1968-09! 696! 1,40 284.4; 0.0f 203.1:
1988-101 480 0.20 I35 0.00 1683
198-117 504l .17 150.8¢ 6.1 137.11
1988-12¢ {68! 0.0 1611 0.0} 99.991
1989-011 7441 L. 23s.00 0.1} 138.81
1989-020 5761  th.1) 2BA.5M 0.7¢ 17.670
1989-031  TM 2460 309.10 0.8} 12,31
1989-041 8720 LR 21500 0,51 14,46
1989-05! 744! LB 156.% 0.01 104.561
1989-061 6960 2.4 172.8) 0,11 72,00)
1989-07; 480! 0.2} 14,5 0.0 72.501
1989-08) 240} $.17 581 0.97 6.38)
1989-6%1 7200 2.4 310.20 0.91 10.921
SHUT IN
1989-121 6241  2L§1  SILDS 0.9 22,351
1999-01%F 2400 30.70 184,60 L 601
SHUT IN
19%0-04! 2641 31,50 187.20 291 5.9
19%0-05;  &%6¢ {I7.9¢ S07.9i .10 &3
1990-06: 7200 124.00 41620 .11 3360
1990-071  T44} 104,51  4{2.4 L4 395
1990-081 24 L3 LB 3.3 418l
1990097 480} 7440 31400 ES I Wi §

HanPB
90-§2-07
14:11:00

LaND®t 2
LANDEZ O
LANDES 3028

CUM.OIL: CuM.uatT
[ AN 2
Te%6.7! 11308.9
T154,00 11780.%
T80Y. 8! 12371.1
TB46.8} 13063.3
Je83. 41 13684.8
B273.17 14101.%
8670.3! 143835
9061.21 14561.7
9382.91 14797.8
9760.8! 131631
7960, 4! 15324.5
{0030.3; 1504b. 4
10124.7! 1548b.2
10148.4! 17030.6
1030731 17382.8
10451.9: 17768.9
10490.41 18640.7
10540.01 19290.5
10333.5! 19480.7
10556.9: 19943.1
1009711 20101.6
10%56.21 20482.4
10F58.2] 20458.5
10359.9! 20704.5
10575601 2098%.0
10600.51 21298.1
10613.51 21513.6
t0617.01 21670.5
10619, 81 21843.3
10619.61 21837.8
10628.71 21915.9
{06571} 22226.1

10681.61 22740.3
10711.71 22944.9

10743.2} 23132.1
10861, 11 23640.0
10985.11 24056.2
11089.41 24460.6
11092.9} 24482.4
11167.51 24796.4
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Pab: 1 ) S5TORE 133
WASKADAL
WELL (0104-24-001-26 WIN{0}

FIELD 3 PROVINCE HAN.
paoL 29 WORKING INTEREST  0.00000X
BLOCK I ON PRDN 1983-07-13
ACCTE 4 ON ININ NGT ON YET

} i H i !

MONTH | HOURS! OIL | WATER ! OIL | WHOR
H RN & 11 LI Y1) HE 1] H
1983-07:  I96i 1631 BT %.90 0.5t
1983-08: 7211 207,51 242, % 6.9 L.17
1983-081  7i8l- 39.5! 17400 (L7 0.50
1983-100 T 117,31 7994 L1 59
1983-117 712} 142.8! 7%%.8! 471 5.8
1983420 514 15380 MB.TI 2 an
1984-01F 7441 256.21 ol0.M: B.3i 2.38
1984-021 431 202,81 49%.0! a1 .13
1984-031  528) 178.60 395.11 g.1f 2.2
1984-041 7200 39i.1¢ 3310 13,00 0.B3
1984-051 476! 234.30  210.80  11.81 0.90
1984-060 3281 IN.00 119,00 127! 0.48
1984-07) 5691 1B7.31 421.7) .90 LI25
1984-0B 7431 238.8! 594.51 0.4 2.30
1984-09; M3 165,20 295.20 8.91 LMY
1984-101 7481 520.1% 129.80  16.80 0.25
1984-11] 8681 235,71 2423 8.5 1.03
1984-121 7120 245,50  41b6.0! 8.3 1.49
1965-011 6351 35L90 26420 1330 0.75
iggs-021 6727 33B.B1  J20.30 1AL 0,95
1963031 TAG! 23731 S22 L7 .18
1985-041 6247 332,61 255.61  12.BY 0,77
1983-031 6611 356,00 260,30 12.91 0.73
1985-060  66BI  J1N.61 33100 6130 1,08
1985-071 6961 350.10 36390 12,4 1.0
[985-0B1 T84T IEY.91 G830 (L9 L.32
1985-09: I3 51620 %40 17.30 0.
[983-10;  TA4T  56b.BI 25600 I7.61 047
1985117 7200 53800 1563 17.% 0.29
1983-121 7377 3BB.7Y  3BT.9L 2.7 .00
1986-017 7441 307,10 7963 9.91 .59
1986-020 6721 30481 228,10 iB.1D 0.45
1986-030 7440 12180 522,91 10.4 1.42
1986-041 7190 245.6! 603,40 8.2 2.44
1986-031 7281  TH.6T  659.4) 2,61 10.93
19B6-06¢ 7181 1574 T2 J.31 4.83
1986-077 7371 100,90 922,91 530 915
1986-081 7441  1bf.01 £006.2 .21 .25
1986-090 7200 1460 T95.2 5.97 4,83
(986-101 7421 132.70  9Lb. 1 £33 6,90
1986-111 7200 I8%.60 722,88 3.3 4.3
1986-12: 7431 290.4F  6568.2 9.4 .27
1987-010 7240 274,60  570.5) %40 208

e mm met mm mm e mm M e e e W, mm e mm e e e mm e mm e —m e i e mm me mm e — me e e m- - ma - ma == w- =

NanPB
%0-12-07
14:11:060

LANDEL 2
LaNDE2 ¢
LANDE3 3029

CUM.OIL! CUM.MAT
al I w3
163.8! 64,3
M 3212
720.81  501.2
g1 1260.6
988.9! 2087.4

f142.71 2476.1
1398.91 3085.5
1631.7% 3581.5
1810.31 3974.6
2201.41 4307.7
.7V 4318.5
2609.7) 44637.5
2797.0¢  505%.2
J09%.81 5653.7
JNN.00 5M8.9
I 6078.7
3976.81 4321.0
221,31 &731.0
£375.21  7001.2
491407 7321.5
§151.51 7842.7
S4BA. 11 BOSE.3
5840.1! 8358.8
6153.7) BLEY.B
651281 9083.7
48BZ.7% 9417.0
7397.91 98264
798471 10082.8
B482.71 10239.3
BB71.8) 10627.2
9178.5! 114235
9685, 3! 11481.6

1000711 121714.%

10252.7¢ 12771.9

10331.37 13837.3

104B9.21 {4348.5

10890, 11 15291.4

10751, 11 16297.6

10915.71 17092.8

11048,41 18008.9

11208.01 18731.7

11498. 4% 19389.9

11775.07 19960, 4

- WIR IwnT Swels

- Whier BREMCTMRouy H

o s-2¢




Pﬁé .2 111 STORE 111
WABKADA1
WELL (0304-24-001-26 WIM(Q)

FIELD 3 PROVINCE MAN.
POOL 29 WORKING INTEREST  0.000001
BLOcK 1 ON PRGN 1983-07-13
ACCTE 4 ON INJN NOT ON YET
H i : i i
MONTH | HOURS: OQIL | WATER ! QOIL | WOR
i IR %77 TR 111 IR X9} b
1987-021 6721 3INLAL 0 ER.LT LIR30 0.9
1987-031 482} 272.5) 43%.B1 .60 187
1987-04  71%  139.4) 918.3{ I
1
1
]

9
LB
1987-051 7441  282.41 635.4) 9%
6
4

.25
{987-06; 7200 495,70 283,00 16W 0.F
1987-070 7441 M5B WT.E i4M 071
1987-08 7441 45210 30041 1d.b) 0.66
1987-09¢  720i 400.0! 3MB.07 13,31 0.97
{987-101 7M1 43330 38%.10 1400 0,90
1987-111 7201  A21.7¢  430.30  i4.1) 1.02
1987-121 7441 322,50 M0%.30 1041 125
1988-01F 744! 3B3.3 W24 12.4) .bb
1988-02: 6941 38,21 22441 11D 0.9
1988-03;  TA4}  BL.7{  bbb.BI .61 8.6
1988-041 7200 16631 507.6) 3.60 1.05
19688-050 744 236.2¢ M8} 1.7 L8
1988-061 7200 198.3F7 47435 6.6 2.3
19688-07: 7441 178,71 4623 5.7 2.82
1988-08)  TH4D  205.00  520.9) 6.6 2,54
1988-0%: 7201 230.11 1Ah4S L.n ooun
1988-101 744!  BT.21  340.35! 2.8 3.9
1988-117 6720 79.4)  30b.4 2.8 3.08
1988-121 720 100.3  300.30 3.4 L%
1989-01; 7441 45,21 395! [.4] 9.1b
1989-02! 480!  ¥.4 2097} L9 5.4
1989-031 624 324 WSL2 f.4) 9.49
1989-04) S04 157.%1 3551 7.5 .25
1989-037 7440 124,31 410.20 4,00 3.30
1989-061 il 50 3353 0.41 bb.bb
1989-071  480: 0.0; 402,11 0.01 1.99
198%-081 2640 L. 1.9 0.3 15.08
1969-09: 4807  48.50 39 3.4 7.81
f98y-100 672 12,31 {004,510 0.41 8L.67
1989-1% 6241 27,21 B&L.TH 1.00 31.96
SHUT IN
1990-011 3128 6.1 1589 0.5] 58.84
1990-021 6241 116,50 M9, 4 L3 386
1990-031 456 L4 350.5) 2.81 4.5
1990-641 7200 4180 54450 L4 13.03
[99¢-031 6720 Ik 11 489.1) .3 13,58
1990-061 riH 1.3 3.7 1.37 438
§990-071 M 1.4 an L4 407
19%0-08: 7440 920 1T LN 2.9 K13

]
[}
]
]
1
[}
[}
1
[)
]
[}
]
)
]
[}
'
1
1
[}
]
i
+
[}
]
f
4

—

e s mE e WEE e WS ey WE e

BanPB
90-12-07
18:11:00

LANDEL 2
LANDE2 O
LANDES 3029

CEX.QIL] CUM.MAT
(LI )
12146.41 20318.5
12418.91 20772.3
12558, 51 21690.6
12841.15 22326.2
13334.8¢ 22589.2
13782.41 22906.7
14234.7¢ 23207.1
144347} 23555.1
15068.40 23944.2
15490, 31 24374.5
15817.8: 24783.8
16201.1% 25035.2
16582.3¢ 29260.4
16664.0 20927.4
16830.5¢ 26435.0
17068.7% 26877.4
17267.2% 273521
17443.91 27B14.4
17648.9; 28335.3
17879.01 28499.7
17966.2¢ 28840.2
18045, 41 29148.46
iB145.1¢ 29448.9
18189.31 29844.7
18227.7: 30054.4%
19264.9F 30407.6
18422.8! 30742.7
18547.1¢ J1172.%
§8552.11 31505,
18552.11 3190B.3

183572} 31985.2
18625.7¢ 32520.1
104638, 01 33524.4
1866%.2; 14392.3
18671.31 34751.2
18787.8] 33200.4
18841.2; 39551.1
tBBBI. 0! 35093.6
10919.1¢ 36584.7
1B920.4} 36590.4
18921.8} 35396.1
19013.01 34973.2




psl . 3 £ttt STORE #t3 HanPB

WASKADA! 30-12-07

NELL {0)04-24-001-256 WIN{0) 14:11:00

FIELD 3 PROVINCE MAN. LaNDEL 2

pooL A WORKING INTEREST  0.000001 LANDE2 O

BLOcK  § ON FRON 1983-07-15 LANEHS 3029
ACETE 4 ON INJN NOT ON YET

] ]
ol WATER giL | WOR | CUM.DILI CuM.WAT
a3/ al/m ad/di H % [}

199009} 7200 135.8F  399.8! 4.5) 2.94) 19148.8! 37373.0

MONTH

1
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Pﬂﬁfﬂni

FIELR 3
POOL
mock i
ACCTE &

HONTH

1983-071
1983-081
1983-0%1
1983-10!
1943-11
1983-12!
1984-011
§984-021
1984-93)
1984-041
1984051
1984-06!
1984073
1984-081
1984-0%!
1984-10;
1984-111
1984-12}
1985-011
1985-02;
19853-03)
1983-041
19853-03:
1985-~081
1985-071
1985-08!
1983-0%}
1985-101
i985-11}
1985-124
§985-011
1984-02}
1984-071
1984-04!
1986-051
1986-06:
1986-071
1986-081
1986~09;
1984-10i
19B6-111
1986-12;
1987-011

1

&
2

LY

nn-

7181
7421
2
ILLH
6801
8911
T44;
TH:
7401
1101
nn
T4
7161
1451
T
TA4)
7401
872!
744
IpLH
1401
7201
bb7:
s
ni
JLLY
7261
B
744!
£771
744
"y
728}
71Bi
143!
JLLYH
1201
LAk
TH!
744!
724

1t STORE 11
WASKADAL
NELL (0)06-24-001-26 WIN{0)

PROVINCE AN,
WORKING INTEREST  0,000001
ON PRON 1983-07-14
ON [NIN NOT ON YET

i i ; ]

GIL | WATER ! DIL | MOR !
o/ML o3/M a3/di !

199.95- 16,00 11.60 0,08!
319.41- b1.90 10,50 0.19)
WL 6620 133 00T
1,99 BLI {400 0,200
8.9 5L2 8.8 0.20)
235,51 2.8 6.61 0.13
143,80 72,08 3.0 0,501
1300 0.4 4.5 023
L7 1.4 8 0.4l
Bs. 7 1%.00 .91 0.221

67.11 144 .20 0.1

52.01 5.00 1.8 0.101

80. 2! 2.4 2.61 0.03!

MALH 8,91 .20 0.28

5.3 9.5 21 0.28!

SH.61 14,8} L2 0.38

36.71 %61 1.2 6.26)

61,51 11.9i 2,00 0.i%

62,31 25.2 2,80 0,401

AT SRR U9 & 2,60 0,204

3.5 5.2 .41 0.38!

.20 154 L1t .48

22.0! 3.9 0.7 0.181

2301 1.4 0.8) 0.06

16,9 A H 0.47 0.221

4.7 .51 G5 0.44]

18.31 1.6} 0.3! 0.10}

18.2} .4 0.8 0.128

21,81 1.94 0.7 0.0%)

0.7 2.6 0.3 .90

18.11  15.8! 0.6 0.87

18.8! 3,61 071 0,30

1%.80 15.% 0.6! 0.80

15.40  12.8 0.5 0.8%

.9 .10 0.4: 0.181

74,61 1.24 01 0,021

61.01 L3 2.00 0.02¢

87.2 3.2 2.20 0.651

35.71 2.0 1.9 0.041

114,11 7.2 3.80 0.08!
106.9: 6.8 3.61 0.06!)
39.01 2,61 .30 0.0

I H 8.0 L9 0.14

LAND#{
LANDE2

NanPB
90-12-07
14: 11100

2
0

LANDE3 3031

CUN.OIL! CUM.WAT

.3 1

(M

6.0

17.%
184.1
228.4
1%6
305.9
.9
408.1
420.5
439.5
1.9
438.¢
461.3
1.2
481.1
435.9
505.5
3174
342.6
557.3
582.5
397.%
501.8
$03.2

- Wi, ITedgerien  GiRRts

606.9 -

bi1.4
615.0
617.4

-0

628,46
644, 4
650.90
bb3. 9
678.7
6£80.8
582.0
683,
£86.5
bE8. 45
675.7
702.3
708.1
nii

— WMER  BRC AKX TegoutH (@




PAB‘ w2 LR STORE 1t
WASKARAL
MELL (0)0&-24-001-26 WIM(0)

FIELD 3 PROVINCE MAN,
oL 29 WORKING INTEREST  0.000001
BLOCK 1 ON PRON 1763-07-14
ACCTE 4 ON INJN NOT ON YET
WONTH | HOURS! OIL | WATER ! OIL NOR

A/ s3/N al/

di
1987-02¢ 6720 4680 LM .77 0.
1967-031 TR4l W71 1LY 1.4 0.32
1987-08) 7191 4.9 1184 f.4{ 0.29
1987-051 744! 48B! L2 [.5 0.15
1987-061 7200 #.4! 4.8: L3 0l
1987-07¢ TR 400 2.8 £.300.07
1987-081 7447 5470 3.2 1.81 0.06
1987-0% 7260 9.2 1850 f.41 0.38
1987-101 7M1 5630 3.4 1.8i 0.09
1982-117 7200 8401 3.8 2.17 0.06
1987-121 740 552 1.0} .70 .02
198g-017 5761 345! 0.8/ f.51 0.02
1988-021 6720 544! .2 L.9: ¢o4
1988-031  TM M6 26,70 1.3 0.04
1988047 7200 1B.BF 22,40 1.31 6.8
1988-051 7M. 47.00 116} L3 0.2
1988-66¢  720i LG 1.18 L21 0.21
1988071  THI 490! b.bi L& 613
1988-08;  TM4L 2741 2.5 0.9; 0.08
1988-09; 5281 1.2 .8 0.8 0.10
ioBe-10; 7200 26,4 2.8 0% 0.11
1988-111 6% 4.4} 1.5 1.5 0.18
1986-121 7441 IL.81 L2 Lo 0.04
1989-61; 7M. I.TH 0.61 .1 0,02
1989-021  &727 30,04 1.21 LU 0,04
i98%-031 T4 IbTH 2.1 1.2t 0.06
1989-041 7200 443 .1 {50 0.07
1989-051 744 58.9) 2.9i I.91 0.05
1989-06: 5281 4131 3.7 90,09
1989071 T4 LR3I 3.6 3.3 0.03
1989-0B7 T4 T7A.5! B.4! 2,30 6.42
1989-0%: 7200 70.8! 7.9 2.4 0.11
1989-101  80Gi  57.20 4.9 .30 009
1989445 4807 4L9 $.4] 20 41
1989-121 744}  T75.2% 8.7 .51 0.12
1990-¢1; 7447 77.20 1100 .31 0.04
1990-020  &721  65.4) .51 2.3 010
1990-¢37  T441 6771 b.1i 2,21 (.09
1990-041  BFAL  9.0) 1.0 .47 0.10
1890-¢3: 5764 6.9 .7 .61 0.12
1990-G6!  J200 5.3 $.30 L 0.08
1990-071 7441 5L 3.3 L7 0.04
1990081  744] 5241 3.0 L7t 0.10

—

Sl i mim meer mm mat mm o mm mem e mm ey me e ek e M ek W A M mi T mm MR W me mm mw

KanPB
90-12-07
14:11:00

LANDEL 2
LANDEZ 0
LANDEZ 3031

CUM.0IL: CUM, AT

[ RO [ 1]
760,70 T28.5
I805.4! 738.8
In46.31  TE0.6

3893.11  757.8
93T TRl
97871 7654
4033.41  76B.6

§082.4! 787.1
43891 T92.2
£202.591 796.0
£2%.1F  T91.0
£292.61  797.8

4347.0¢  800.0
A368.6! B26.7
427.4] 84,3

74,40 B4&0.9
£508.91  84B.0O
357,91 944
4585.71  87s.9

4502.5] B7B.7
4528.9! 881.%

471,51 88%.1
4703.3F  B890.3
4736.00  £90.9

4766.00 B92.1
4802.7¢ 94,2
4849.0) 8973
496791 900.2
949,21 903.9
S112.80  %09.5
9184,91  917.9
5255.71  925.8
.Y 9307
9354,81 93,1

430,01 9438
5507.2:  934.9
3972.60 913
5680.31  967.4
3709.31 9745
5772.2  982.2
JB28.57  9B6.5
9B79.70  989.8
3932.11  994.9




gl . 3 LI STORE 11 ManPB

WASKADA1 90-12-07

NELL (0)0&-24~001-26 NINIO) 18:11:00

FIELD 3 PROYINCE WAN, LANDEL 2

POOL 29 WORKING INTEREST  0.00000L LANDEZ ¢

BLOCK ! ON PRON 19B3-07-14 LANDES 3031
ACCTE 4 ON ININ NOT ON YET

MONTH | HOURS: OIL ! WATER ! OIL ! WNOR | CUM.OIL) CUM.WAT

| H s/ a3/ al/Ad! ' ad ! al
1990~0%} 720 40.4: 3.8 1.4 0.141 35972.70 1000.7
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FABffuhg 1 1ty STORE 11
NASKADAI
BELL (0)11-24~001-26 WIN{Q}

FIELD 3 PROVINCE BAN,

PooL 29 WORKING INTEREST  0.06000%
BLOCK i ON PRDN 1982-03-12
ACCTE 1 DN INJK NOT ON YET

HONTH

CR7] HE %91, .

1982-031 408! T9.4) l.00 L7 004

1962-04; 46480 139.0¢ ' 5.11 0.03}
1982-051 3601 144.21 0.04;
1982-06¢  T201  215.01 20 0.0
1982-071  TaAl  ({71.80 0.00

1982-08! 744} 140,31
1982-09; 6961 125.9)
1982-107 7% 138.d
1982-11F M5 116,35
{
9

0.04
0.05
0.07
0.17
0.0%
0.11
0.08
0.10
0.03

—

f92-120 738 .
1963-017 744 38,
1993-02! 6481  £1.B!
1983-037 6327 35,04
1993040 T2 LB

-
* =

1983-051 7441 45,11 0.0%
[983-067 7200 38.9! 0,191
1993071 7441 3.8 . A0 0,28

1983-08; 74 4.7
isa3-08! 7120 514G
1983-101 7421 603
9
b
3

0,09
&.07
0.07
0.11
0.21
0.12
.12
0.14
6.2
0.00
0.00
0.00
0.02
0.06
0.02
0.14
0.0%
0.04
Q.08
.05
0.10
0.15
0.11
0.01

1983-111 712 &%
1983-121 TM A2,
1984-011 744 23,
1984-02; 6951 22.2
1984-031  THMT 26,50
1984-04; 7200  24.4!
1984-051 7400 19,41
1984-06¢ 7100 219
1984-070 7370 19.8!
1984-08!  T&B1 2104
1984-091 4971 0.8
1984-105 7450 302.7
1984-111  TiHD 10,2
1984-121 7440 6.0
1985-041 740!  5%.1
1985-021 472, TS
1985-03 7401 55,9

3

]

0

0

1

9

-
- - - - - w - om - = P - - P - - - o= - - -
0 LA M A P O 00 SRR DO e e b ] B LA O O G b B G D G s G O 0 D e O3 e o)

-
St vl el = BRSO DD DD w S e OO OG0 D B e b S e G e Al DACKE e D G D o3 ALY GA LA M e

1985-041  7i%: 5.
1985-051 7401 23,
1985-06: 7207 21,
1985-01%  72BF 22,
1985-081  T441 2%,
1985-091 7130 19,

. n - - » » " = oom . = - . -

0,134

0. 041

ManPB
90-12-07
1!:11:00

LANDEL 2
LANDEZ 0
LANDES 2745

HOURS: DIL | WATER ¢ DIL | WOR | CUM.CIL: CUM.WAT

[ % I

79.4!
8.6}
359.8!
7481
746,51
884. 9!
1012.8}
1150.98
1267.4¢
1344.5;
1383. 4}
1429.2}
1484.2!
1539.01
1584. 4
1623.0!
1655.81
1494.51
1748.01
1810.3!
1074. 24
1916.8¢
1940. 11
1952. 31
1988.8!
2013.2:
2032, 6!
2054.5!
2074, 3,
20953
2126.1}
2428.8}
2531.0¢
2593.51
2644, 6}
4.1
2780.01
2805.5!
2829.34
28350,3!
2872.31
2895.4!
2915. 34

[}
3.0
7.4

13.1

14,2

14,2

20.3

26.9

36.8

6.4

83,7

47.8

718

76,5

7%.5

81.5

9.7

160.0
105.3
10%.9
114,5
119.0
123.7
128.5
131.2
1344
137.8
141.9
141.9
141.9
141,9
182.6
161.8
164.0
113.6%
177.8
180.7
185.0
i86. 4
188.7
191.9
94,4
194.7
195.5

- 3M3

CynnepCeEs

- 2d




Pnsfﬂ.‘f 2 111 §TORE 13
NASKADA1
NELL (0)11-24-001-25 NiM(D)

FIELD 3 PROVINCE MAN.
Poot 29 WORKING INTEREST  0.00000%
BLOCK I ON PRON 1982-03-12
ACCTE 1 ON INIM NOT DN YET

H i : H 1
MONTH | HOURS! OIL | MATER | QIL | WOR

! RN 174 I R/ HE X1 H
1985-10  T4ai 19,41 1.5 0.60 0,08
i985-151 7200 1.5 1.9 0.4 0.15
1983-127 7311 LT 1.0 0.31 0,07
1986-011 7441 19.81 .21 0.60 0.06
1986-021 6721 1.4 3.51 0.60 0.20
1986-03¢ 37170 24N .o 1L.30 0.07
1984-04; 7191 Il.&! 1.0t i1 0.03
1986-05¢ 71280 142 2.2 0.5 0.13
1986-06!  71BI &33! 3.8 .11 0,08
1986-07F 733 369N 15 .21 0.0%
1986-08 594 26,2 3 .47 0,20
1986091 7200 57! .7 1.9 0.17
1986-10} 322} 8.3 5.9 0.4 0.65
1988111 7200 54T} .o L. 0.02
198s-121  Ti3 t&TH 1.01 0.4{ 0.06
1987-010 724 14,80 on 6.3 0.03
1987-02¢ 6721 1.3 0.4 6.7 0.02
1987-03: 5791 10.01 0.0/ 0.4 0.00
1987-041 6011 8.9 1.2 0.4! 0.43
1987-050 5991 19.8! 1.1 0.8! 0.06
1967-060 7201 19.7! 4.5! 6.70 0.23
1987-07¢ T3 L3 3.1 0.4 0.4
1987081  TMI 1§ 6.4} 6.4 034
1987-091 241 1.0} 8.5 0.7 0.50
1987-100 7841 21.6i 4.8 .71 0.22
1987-11;  §761 15,5 1.1 0.47 0,07
1987-12¢ 7441 1B.3 1.9] 0.1 0.10
1988-011  TA4 19,41 1.2} 0.6! 0.06
1ege-02; 624 5.5 0.81 0.41 0,05
1988-01: 5041 14,01 0.7: 0.7 0.05
19e8-04; 7201 20.1d 0.8! 0.70 0,04
1988051 7441 25,4 2,01 0.81 0.08
1988-060 6721 1LY 18! o.b¢ 0.1
1986-070  TA4} {3,351 2.0 0.47 0.15
1988-08; 480! L1 1.8 0.4 0.20
1988-09;  I3h! 1.0 0.1 .30 0.10
1988-100  £720 1410 0.81 0.61 0.05
1988-14: 4321 10,40 0.4 0.6¢ (.04
1988-420 5760 1.4 1.0 0.3 0.08
1989-01; A4 13.9% 0.1 0.40 0.03
1989-020 6720 1.3 A H 0.41 0.0b
1969-03; 4081 5.91 L2 0.3; 0.20
1989-081 7200  12.9! 1.4} 0.4 0,11

- - da WM mm W ==

S e T e mm o mm mm mm me mem mam Kl mm bk mm B ey M e B mm W e bl mme sk i e ot mee mr —a epmy m e m —m me

LANDRE
LAND#2

NanPB

90-12-07
i4:11:00

2
0

LANDES 2743

I

CUK.DIL: CLM.NAT

al |

3.4
333011
344,91
3364.21
nnz
1383. 11
3402. 91
422, 6!
LM R
J447.8:
3464.81
J4Bb. §:
35301.9}
I520.4!
3540.01
1355, 91
3569, 51
338%.41
3615.01
3632, 11
3645, 61
652,71
3659.71
373,81
3684, 2!
3690, &1
ML
3724.0!
19,9
3742.8!

sl
197.9
198.9
199;%
201.1
204.6
206.3
207.2
209.5
213.3
216.8
222.0
231.7
237.2
238.2
239.2
2.5
0.0
240.0
1,2
M2.3
6.8
251.9
256.3
264.8
269.6
0.7
726
273.8
.6
275.3
276.1
278.1
7.9
281.9
M3.3
284.0
284.8
285.2
286.2
286.9
287.5
286.8
2902

~ WHTR YR EM TR o ainld,




PAB. .

FIELD 3
POODL 29
BLOCK |
RCCTE

NONTH

1989-05;
1989-061
1989-07!
SHUT IN
1989-12
199001}
1990-021
1990-03!
199004
15%0-05!
1990-061
1990-07:
1990-081
1990-0%!

3

ZTh
720!
156!

6961
624!
6721
JLLH
6481
ILLY
720;
ILLH
3041
T20:

1t STORE 133
NABKADA1
WELL (0)11-24-001-25 WIN(D}

PROVINCE WAM.
WORKING INTEREST  0.000001
ON PRON 1982-03-12
ON ININ NOT ON YET

OIL } WATER : DIL
aliNE a3/ adldl !
12,01 1.6} 0.4 0.13
14,31 0.8! 0.51 0.06!
L 0.0! 0.21 0.00
16,81 49! 2,60 0.06
L H 1.7 .11 0.14
38,71 3.51 L4 0.2
] 15 RIS Y} L& 0.24!
35,5 .4 L3 021
36.30 104 .20 0.29
.31 9.24 f.10 0,271
1.0 S8 0.8) 0.23
7.9 1.7 0.4 0.220
6.9 1.8 0,20 0.28

NanPB
90-12-¢7
14:11:00

LANDR 2

LANDEZ  ©
LANDRY 2743

WOR © CUM.GILI CUM.WAT

P (M
5480 M58
I769.11 926
3772.8 926

Ig49.60  297.5
390430 I05.2
394300 347
. 327.2
$029.6¢ 3.6

4083.91 4.0
4100.2] 3542
25,91 35%.8

H31.87 1.3
HIB.7! 363.1
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PAE{’”h:

FIELD 3
PODL 29
BLOCK
RCETE 1

HDNTH |
1982-121
SHUT IN
1983-02:
1983-03:
1983-041
1983-05:
1983-06}
1983-07!
1983-08!
1963-0%1
1983-101
1983-111
1983-i2
1984-011
1984-02!
1984-03¢
{984-04!
1984-0351
1984-061
1984-07;
1984081
1984-09}
1984-10!
1984-11!
198412}
1985-014
{985-021
198503
1985-04:
1985-05!
1985-061
1985-071
1985-08:
1985-091
i985-10!
1985-111
1985-124
1984-011
1986-021
1986-03:
1986041
1986051
1986-061

1

432
608!
CITH
umn
7204
no!
I
4 ¥4
732!
T2
144;
T4
911
T4
7200
740:
T
138i
781
718!
Tz
716
T44]
740!
b1t
7400
ne
LU
7201
1281
744!
T
744!
7201
n3n
744
6211
744!
119!
728!
7181

11 STORE 11
HASKADAL
MELL €012-24-001-28 WIN(2)

PROVINCE MAN.
WORKING INTEREST  0.00000%
ON PRBN 1982-12-17
ON INJN NOT DN YET

GIL | WATER | DIL | WOR !
LR Y] HEN ¥ HE 14 H H
0.0 01 0,000

151,81 2. 8.47 0.011
/.3 12, 11.81 0.04
358.0:  Sh. 1334 0.18!

{4¢.97 116,
A 132,
307,90 330.

2

b

0

0 10,31 0.82

b

3
I5%.er  225.0

?

b

4

9

{

7

12.5¢ 0.41
10.3 1.07%
.40 0.641

i

t

(]

]

[

1

1

1

]

1

(]

]

[}

] '
' 10.8¢ 0.83:
11 I
1 |
I

1

3

t

1

]

=

L]

i

1

1

1

1

3.0 7.
381,21 23B. 1.87 0.461
481.01 B0, 16,20 0.17)
32.21 183, 1.9 0.831
.80 270, 1.7 0.53!
38651 222, f3.4! 0,38}
432,50 115.4 1.0 0.27
3960 136.1 1.0 0.411
{73.80 208.0 3.7 L.1B
21,10 112 L1 0.9
66.81  68.2! 2.21 .02
72.00  20.0! 2.3 0.280
8.3 W3 2,00 0.42
62.01 5.0 240 030
158.8:  &0.91 3.3 0.38!
60,27 363 L9 0,501
5.4 4L 1.9 075!
. 38N 2.3 0.40¢
B9.40  102.0! .90 L1y
6,17 4L3 2.0 0.701
.60 8.4 L1l 1,891
@.31 5.3 1.6 0.521
4.9 3.00 1.3 0.06)
2.3 3.6 t.4) 0.080
0. 11 7.4 .30 0.23
3830 24,91 1.8 0,48}
.18 25,00 L6 0,531
i1 1.6 3.9¢ 0.151
b1 T SR W § Lél 1.9
10451 457! 4.00 0.44}
117.41 4.8 3.8 0.131
97.41 B.4! .30 0.0%8
.7 195 2.0¢ 0.33
186.51  49.4! 8,20 0.37

ManPB
0-12-07
14:11:00

LANDFL 2
LAND®2 0
LANDES 2718

Cim.QIL: CUM. AT

s | a3

0.0 0.0
151.8! 2.2
30,10 14,8
goa.1i  70.8
949.0!  1Bb.8
13244 339.4
163,30  689.7
1986.1! BT
307,10 1162.%
268,31 1401,2
109,30 1481.4
I381.3) 1865.5
$007.3¢ 1935.6
43193.8! 2198.3
4826.3¢ 2213.7
155,91 240%.8
33817 2617.8
3452.81 2735.0
3919.61  2803.2
5991.6¢ 2823.2
3649.9) 2847.5
5711.91 2870.5
9870.7¢  2931.4

5930.9; 2961.7
3988.31 3004.7
6032.2¢ 3043.0
614f.4! 3145.0
6203.71 3188.3

5238.31 36,7
6286.6) 3272.0
6333.53! 3275.0
£376.81 3278.4
b416.97 3288,0
b473.2: 3312.9
6520.3) 3337.9
6639.4] 3155.5
£690.31 3428.7
b795.01 3472.4
£912.41 3487.2
100,87 3495.6
7089.57 3515.t
1256.01 3584,5

T o 15 54




Pﬂﬁfﬂ-\; 2 Pt ETORE 111
NASKADA1
NELL (0)12-24-001-26 WIN(2)

FIELD 3 PROVINCE HAN.

PoOL 2% WORKING INTEREST  0.000G0
pLock ¢ ON PRDN 1982-12-17

ACCTE ON ININ NOT DN YET

MONTH | HOURST OIL | MATER | OIL | WOR

a3/N a3 a3l

198607 733 {270 7. .00 0.6
1986-080 TME 27340 16,3 8.8 0.0
1986-0%1 7200 193.7¢ 3.3 635 .28

o e

1986-101 745!  23L.61 14,60 1.5 0.06
{98611} 7200 2%.%) £.51 T.41 Q.02
1986-121 7441 240.2! 2.21 1,71 0.04
1987-011 T 23 3.4 FELI A b
1987-021 6727 194,80 49,04 7.00 0.25
1987-03! 744} 7.4 57.5! T 0.8
1967-04: 71901 145460 1L TH £.9! - 1061
1987-05 T4 138,10 183,00 5 1.3
1967-061 7200 121,90 190.1: 4.1 1.56)
1987-07¢ 7ML INS.TD 10424 3,00 0.651
1987-081 746 159.90  110.4) 321 0.49
1987-0% 7200 IG5 45,2 L9 L2
1987-101 7447  ip9.4F  3b.T! 3.5 0.22
1987-117 7200 185,21 LM .40 0.3
1987-127 7441 B0.01  189.8! L&l 352
1988-01:  THL B30V 186,31 .70 1.900
i988-021 8961 T0.60 133N .4 1.8%
1988-03; TH  88.00 1LT: 2.8) .28
1960-04;! 720!  89.5! 106.1) Lei L%
1988-05: T4 B84 f4L1Y 2.9 L&
1988-061 7200  §L.B)  I14.6! 1 1L.25)
19e8-071 720! 18f.80 12,70 7 0,801
1968-0B: 7441 18561 FLTI 5.31 0.55
1988-09)  &%6¢  99.3! 84,91 3.4 0.8
1988-100  TH4D 121,27 7RI 4,11 0.58!
19eB-111 6721 1B0.OF  T72.01 .4 0,401
1988-127 7441 iBS.T) 1A 6,01 0.08!
1989-011 T4 IM3D 174 4.7 0.1
1909-02; 6003 109.24  19.0¢ 4.4 017!
1989-031 5043 129.31  18.1} 8,20 .14
1989-04) 4891 .30 44 0.9 L95)
1989-05! i 0.0 G.0! 0.01 0.00!
1989-060 4361 118,70 29.8! 6.2) 0.25
1989-071 7441  226.5¢  50.5! 7.3 0.2
1986-08! 744 155.00 29.90 500 0.1%:
1989-09; 7200 1921 W 6.4 0.18!
198%-10¢ 7260 22191 43,91 T.40 0,200
1989-110 6960 150.47 3410 3.2 0,23
1989-127 7440 128.10 28,4 .47 0.2
1990-0f) T4 12,30 2191 1 0,24
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$315.8! 4052.0
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988140 4634.7
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1990-02; 6480  f2.80 221} 3.4 0.24) 13624.27 6630.0
1990-03: 7481 11540 25,04 L7 0,220 13739.81 ATH.0
1990-041 7201 97.50 20.20 330 6210 13837.30 6695.2
1990-051 746  B80.20  IT.00 2,861 0.21F 13917.50 &712.2
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SHUT IN

1990-03! 24 4,81 658621
1990-081 2060 1330 S58ML4
1990-05! yi¥ 0.9 63B7T5.3
1990-06. 24 0.9 03876.2
1990-07! 148!  97.70 63973.9
1990-081 48} 106.8) 66080.7
1950-091 48! 238.6! 66319.3
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